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Abstract

This empirical study provides a systematic investigation into how time pressure
influences the translation process and product from psycho-physiological, behavioural-
cognitive and performance-based perspectives. Taking a multi-methodological
approach, this investigation is based on the analysis of data obtained from a total of 65
participants, who are grouped as novice and experienced translators, in an experiment
containing three translation tasks with different time constraints. The project examines,
firstly, the psychological and physiological consequences of time pressure indexed by
self-reported Stress, Temporal Demand and State Anxiety, and several biomarkers
recorded during and after the tasks. Reliable psycho-physiological indicators of time
pressure in translation activities are identified by these analyses.

Secondly, combining the keystroke logging and eye tracking metrics, it explores
how time pressure affects translators’ observable behaviours from the aspects of
automaticity and cognitive rhythm. Time pressure is found to have affected
automaticity mainly at the micro-level while translators’ experience makes a difference
in affecting automaticity at the macro-level. Furthermore, the two groups of translators
exhibit different processing patterns in terms of cognitive rhythm, especially in the
moderately-time-pressured condition and the free-of-time-pressure condition. Thirdly,
it looks into the direct effect of time pressure on translation quality, which generally
features a negative relation despite slight traces of Yerkes-Dodson Law which are
shown in the case of novice translators.

Lastly, based on Cognitive Load Theory, possible mechanisms that may underpin
the identified relation between time pressure and translation quality are scrutinised,
concerning the interplay of cognitive load (especially germane load), time pressure and
translation quality. The result shows that time pressure could modulate the effect of
germane load on novice translators’ performance, with an essentially undermined
effectiveness of germane load captured in the free-of-time-pressure condition. Such an
effect is not visible in the case of experienced translators. These findings could provide

pragmatic implications for translation practice and pedagogy.

Keywords: time pressure, psycho-physiological responses, automaticity, cognitive

rhythm, cognitive load, translation quality
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1.1 Research background

In recent decades research interests in Translation Studies have substantially shifted
from purely analysing textual elements to a more process-oriented approach. Especially,
increasing importance has been attached to the cognitive aspects of human translators
— the “black box” in their mind. The impetus of exploration of cognitive processes
inevitably gave rise to the study of translators. As Bell (1991, p. 43) suggests,
“description of the process and/or the translator [...] form the twin issues which
translation theory must address: how the process takes place and what knowledge and
skills the translator must possess in order to carry it out”. Additionally, Chesterman
(2009) offers an outlook for researching the cultural, cognitive and sociological aspects
of translators with mental processes, decision-making, emotions and attitudes included
in the cognitive dimension. To describe the complex processes underpinning translators’
cognition in translation activities and to provide empirical evidence for theory
formulation, observable data needs to be gathered. Nevertheless, while translation
process research and “translator studies” have attracted much attention, specific and
comprehensive investigations into translators’ affective interface with their work,
especially the role time pressure plays, are still scarce in recent years.

Time pressure in the professional work environment has become a predominant
social-situational challenge for many occupations including translation. Particularly,
given the pragmatic nature of translation work, translators almost always work with
solutions which promise a maximum of effect with a minimum of effort (Levy, 1967,
p. 1179). As a result, the ability of working to strict deadlines has become one of the
critical elements of a professional translator’s competence. Taking a broader view,
effective emotion regulation and stress management can be seen as a crucial aspect of
the psycho-physiological components in the translation competence model developed
by PACTE (2003). Thus, inquiring into the effects of time pressure, as a salient source
of stress, on translation and translators across multiple dimensions is essential for
improving translators’ performance in stress-provoking settings and providing
pedagogical implications for translation training instructors.

This study is an empirical exploration of how time pressure affects the translation
process, the translation product and the translators from psycho-physiological,
behavioural-cognitive and performance-based perspectives. The investigation bases its

analyses on a variety of quantitative data ranging from psycho-physiological measures
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to behavioural metrics and translation quality assessments collected from two groups
of participants, i.e., novice and experienced translators. Incorporating theoretical
constructs from cognitive psychology and learning sciences such as models of stress
and Cognitive Load Theory, this study sets out to provide new insights into the impact
of time pressure on translation and thus shed light on translation practice, training and

research.

1.2 Methodology

The investigation was carried out adopting a within-subject design, and all the data were
collected from three translation tasks with comparable English source texts (ST)
rendered into Chinese target texts (TT) under different time constraints (i.e., Short,
Standard and Free condition). Apart from the objective strategy of imposing deadlines
on the tasks, subjective strategies were used as well in terms of time pressure
manipulation and elicitation. The investigation followed a multi-methodological
approach complying with the principle of triangulation, i.e., applying several
instruments of data gathering and analysis to strengthen the reliability and internal
validity of an investigation (Alves, 2003; Creswell, 2009). Specifically, data collection
combined eye tracking, keystroke logging, subjective scales (i.e., NASA Task Load
Index and State-Trait Anxiety Inventory) and the measurement of several physiological
markers (i.e., heart rate, blood pressure, galvanic skin response, heart rate variability,
pupil size and skin temperature). The strengths of different types of methods converged
to form a more robust methodological approach to the investigation.

The statistical analysis of data derived from these sources was mainly based on the
inferential linear mixed-effects regression modelling, a rigorous statistical technique
that accounts for both fixed effects and random effects (e.g., the effects relating just to
the participants sampled in the study), rendering the findings more generalisable.
Results of the analyses in this respect thus served to make the inquiry more

comprehensive.

1.3 Aims, research questions and hypotheses

In light of the research background and the significance of investigating the effects of
time pressure in translation from different dimensions, there are three specific aims that

help to frame the present study:
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Aim 1: to determine measures of time pressure/stress during translation with
translators’ psychological and physiological responses being tested as possible
indicators, and to recognise possible differences between novice and
experienced translators in these responses.

Aim 2: to examine the effects of time pressure on translators’ behavioural
patterns about automaticity and cognitive rhythm based on their eye-key
activities and identify specific features underpinning the experienced translators’

translation behaviours.

Aim 3: to explore the effects of time pressure on effort/cognitive load and reveal
possible underlying mechanisms accounting for the relationship between time
pressure and translation quality by looking into the functioning of cognitive load,
especially germane load based on Cognitive Load Theory.

Five research questions (RQ) and fourteen corresponding hypotheses (H) are

formulated to pursue these aims. Firstly, the psycho-physiological effects of time

pressure/stress have rarely been touched upon in written translation research so far.

Taking a stringent time constraint as a stressor, the present study explored this issue

with several psychological measures and biomarkers. The first research guestion was

thus drawn up as follows:

RQ1: What are the effects of time condition and experience on participants’

psycho-physiological responses during translation?

H1: The psycho-physiological responses would show a significant effect
of time condition and would vary in accordance with the stringency of

time condition for both groups of participants.

H2: With the time condition getting more stringent, novice translators
would have stronger psycho-physiological responses (with higher

increments in the tested measures) than experienced translators.

H3: Those measures that corroborate H1 would be correlated with each

other.
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Secondly, translation-specific behavioural patterns were investigated from the
perspectives of automaticity and cognitive rhythm with a range of elaborate behavioural
metrics incorporating eye tracking and keystroke logging activities. Two research
questions were formulated on this facet of the investigation:

RQ2: What are the effects of time condition and experience on participants’

level of automaticity during translation as indicated by the behavioural metrics?

H4. A more stringent time condition gives rise to more automated
processing, evidenced by faster processing speed, deeper parallel
processing, less effort in each processing unit, as well as an increased
proportion of attention on TT production and a decreased proportion of

attention on ST comprehension.

H5. Experienced translators have a higher automaticity level than novice
translators, evidenced by faster processing speed, deeper parallel
processing, less effort in each processing unit, as well as a higher

proportion of attention on TT production than on ST comprehension.

RQ3: What are the effects of time condition and experience on participants’

cognitive rhythm during translation as indicated by the behavioural metrics?

H6. A more stringent time condition would shorten and reduce the

number of all types of pauses.

H7. Time condition would affect the segment length differently for

novice and experienced translators.

H8. When the time condition becomes more stringent, the orientation
and end revision phases are more likely to be trimmed than the drafting

phase.

H9. Time condition would affect the pattern of preference for online/end

revision differently for novice and experienced translators.

Thirdly, translation quality was examined as a function of time pressure and

translators’ experience levels. Inspecting the relationship between time pressure and
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translation product quality might be of pragmatic significance for translation practice

and training. The research question was drawn up as follows:

RQ4: What is the relationship between time condition and translation quality
for the two groups of participants?

H10. The stringency of time condition would negatively affect

translation quality for both groups.

H11. Experienced translators can achieve better translation quality than
novice translators regardless of the time conditions.

Lastly, based on Cognitive Load Theory, explorations were carried out to unveil
the underpinning mechanisms of the relationship between time pressure and translation
quality. The effect of time pressure on different types of cognitive load (e.g., overall
cognitive load and germane load) was inspected, and more importantly, the role time
pressure played in modulating the effect of cognitive load, especially germane load on

translation quality, was looked into with the following research question:

RQ5: Within the framework of Cognitive Load Theory, how does time
condition affect participants’ overall cognitive load, germane load and the way

in which germane load influences translation performance?

H12. The stringency of time condition would proportionately exacerbate

the overall cognitive load.

H13. The effect of time condition on germane load would be similar to

its effect on translation quality for the two groups of participants.

H14: The stringency of time condition could modulate the way germane

load influences translation quality.

Figure 1-1% illustrates the scheme mapping the research questions to the variables

that are investigated.

! Note that the variable “cognitive load” here is an omnibus construct containing some separate
concepts such as “overall cognitive load” and “germane load” within the framework of Cognitive Load
Theory (see more details in section 3.2).
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Figure 1-1. Scheme of the variables and research questions of the study

1.4 Structure of the thesis

The remainder of this thesis is structured as follows:

Chapter 2 provides a thorough review of previous literature on time pressure,
stress and emotion in written translation and interpreting research. Specifically, the
effects of time pressure on the translation product and process are examined in section
2.1; since stress and emotion are also highly relevant to the current investigation, an
expansion of literature focusing on these topics is discussed in section 2.2.

Chapter 3 presents the theoretical framework of the present investigation,
including detailed discussions of relevant theoretical concepts and models relating to
time pressure, stress and their effects on human performance (section 3.1), the
constructs in Cognitive Load Theory (section 3.2), and theories related to automaticity
and cognitive rhythm (section 3.3), which, altogether, serve as the theoretical
foundation of this study.

Chapter 4 describes the overall methodological approach adopted by the
investigation, including the strategies for time pressure manipulation (section 4.1), the
subjective, physiological, behavioural and analytical methods for measuring time
pressure and effort/cognitive load (section 4.2), as well as the translation quality
assessment instruments (section 4.3).

Chapter 5 gives details about the design, procedures and set-ups of the experiment
(section 5.1 — 5.4), as well as the steps of data processing (section 5.5 — 5.6) required
for the analyses.

Chapter 6 reports all the results of the analyses in response to the five research
questions and the corresponding hypotheses: the psycho-physiological effects are

reported in section 6.1, which corresponds to RQ1; the results about behavioural
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patterns from the perspectives of automaticity and cognitive rhythm are reported in
section 6.2 in response to RQ2 and RQ3; the relationship between time pressure and
translation performance is examined in section 6.3 which answers RQ4; the results for
RQ5, which is about the role of cognitive load plays under the influence of time
pressure, is reported in section 6.4.

Chapter 7 discusses the results obtained in the analyses, connecting them with the
empirical findings from previous studies and giving comprehensive and in-depth
interpretations based on the theoretical constructs and models. The psycho-
physiological (section 7.1), behavioural-cognitive (section 7.2 — 7.5) and performance
(section 7.6) impacts of time pressure and professional experience are inspected in
detail with the research aims revisited.

Chapter 8 concludes this thesis by providing a summary of all the findings
generated by the investigation (section 8.1), giving implications for translation practice
and pedagogy (section 8.2), discussing the strengths and limitations of the study
(section 8.3) and offering directions for future research (section 8.4).
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Since time pressure has been a remarkable social-situational factor in the workplace of
translation practice, the influence of time pressure on translation has been noticed and
researched from different dimensions. One of the most frequently visited topics is the
relationship between time pressure and the final translation product quality, i.e.,
whether time pressure undermines or promotes translation performance. Substantial
attention has also been attached to the effects of time pressure on the translation process,
such as how time pressure affects translators’ choice of translation strategies and how
time pressure alters translators’ allocation of attentional resources. Section 2.1 reviews
relevant research from the perspective of time pressure’s impact on the translation
product and process, respectively. In addition, investigations on stress and emotion in
translation and interpreting research are highly relevant to time pressure and could shed
some light on the current research. Section 2.2 thus extends the examination to these
areas. Section 2.3 gives a summary of the findings and methodologies of previous

studies.

2.1 Time pressure in translation research

This section mainly focuses on previous literature in translation process research that
investigated time pressure as a major variable in their experiments. Most of these
studies employed different time constraints to elicit different levels of time pressure.
The effects of time pressure on the translation product are examined in section 2.1.1,

and the effects on the translation process are reviewed in section 2.1.2.

2.1.1 Time pressure and the translation product

The effects of stress or time pressure can be destructive or constructive to performance
(see the theoretical discussions in section 3.1.2). However, empirical evidence from
previous studies mainly embodied the adverse effects of time pressure on translation
product quality. In one of Hansen’s (Hansen & Honig, 2000; Hansen, 2002a, 2002b,
2005, 2006a, 2006b) series of experiments, participants were asked to translate the
exact text twice, one with a time constraint (the ‘“short time translation” session)
followed by the other without a time constraint (the “long time translation” session).
The results showed that the quality of the translation product was evidently improved
for most participants in the “long time translation” session when they were working

without a time constraint. This result was not surprising, especially considering the fact
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that the text was translated twice, and it was the second session that did not have a time
constraint. However, one of the research objectives was to pinpoint students’ first
reaction, i.e., the spontaneous rendition offered immediately after reading through the
source text. Therefore, what should be noticed in Hansen’s research is that in many
cases participants still produced the same number of, or even more errors, especially in
the revision phase of the second task session when they had unlimited time at their
disposal (Hansen, 2006b, p. 77). This finding indicated that not all the participants who
performed well under time pressure achieved the same or better performance when
working without a time constraint; sometimes, the free-of-deadline condition made
them overthink and eventually overwrite the original correct renditions with erroneous
ones.

Hansen (2006b) suggested that participants could have relied on their automatic
skills, but unfortunately, the intuitive renditions were rejected when they had excessive
time. The pedagogical implication is that critical awareness of behaviours during the
translation process is vital for students. They should realise that they have the (potential)
ability to perform well spontaneously, or they could consciously train their automatic
translation skills to avoid destructive behaviours and habits. As a result, this could
essentially improve the efficiency and effectiveness of translation training. Identifying
such phenomena by comparing behaviours in time-pressured and free-of-deadline
conditions during the translation process can undoubtedly be meaningful for translation
training, which was the primary purpose of Hansen’s research. These findings
constitute a competitive and empirically supported explanation of why the lack of a
time constraint may affect translation quality negatively for some translators.
Nevertheless, since the experiment was designed to be a repetitive task for the
participants, only limited inferences can be gained regarding the relationship between
time pressure and the quality of the translation product.

Probes into the effects of time constraints on translation quality had also been the
focus of De Rooze’s (2003, 2008) study. In one of his experiments, each participant
translated two texts (around 120 words) with a 10-minute and 15-minute time constraint
respectively. It was surprisingly found that 19% of the student participants produced a
better translation in the shorter session than in the longer session, and over 25%
maintained the same level of quality under the two conditions (De Rooze, 2003, p. 88).
This meant that a more stringent time constraint undermined the translation product

quality for over half (around 55%) of the participants; but for the rest of them, which
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was also a relatively large proportion, a more relaxed deadline did not guarantee a better
translation product. In the later experiment with less time (8 minutes and 12 minutes)
and longer source texts (around 240 words), a significant decrease of the translation
quality score was observed in the student group. Again, the majority (around 79%) of
the student participants performed worse under more intense time pressure while the
rest (around 21%) of them showed no difference or the opposite trend. Similarly, the
translation quality of 60% of the professional translators decreased under the more
time-pressured condition while there was no change or an increase in the quality score
for the rest (40%) of them. But, the overall effect of time condition on the professional
group was not significant. These results clearly indicated that time pressure could lead
to different consequences for different people in translation activities; for some
participants, time pressure impaired their performance but for some others, it had no
effect or spurred them to perform better. To some extent, this also echoed the findings
from Hansen’s (2002b) study in that there existed cases that time pressure could
facilitate translation quality for a portion of translators.

Further, the results from De Rooze’s (2003) study showed that translation quality
dropped by more than 15% when the participants’ translation speed exceeded 200
words per ten minutes. Taking acceleration as a result of intense time pressure, this
finding also shed some light on the relevance of translation quality to translation speed,
i.e., the quantity of translated material produced within a certain unit of time. There
might exist a critical point of stress or time pressure beyond which their performance
will drastically deteriorate.

Ghobadi et al. (2017) especially focused on whether time pressure could influence
translation quantity and quality. Two groups of student participants were tested in their
study. The experimental group (n=23) was given 30 minutes for the translation task
(English to Persian) and the control group (n=21) had no time limit for the task. Their
products produced in the first 15 minutes of the translation process were analysed. A
trade-off effect was observed in that participants who executed the task with a time
limit produced more translated materials but of inferior quality compared with the
participants who completed the task without a time limit. This result was in line with
De Rooze’s (2003) finding to the extent that there might be a negative relationship
between translation quality and translation speed when it is higher than a certain level
(e.g., 200 words per ten minutes in De Rooze’s research). Ghobadi et al. (2017)

explained that the translator’s mental resources had been unequally distributed to
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different aspects (i.e., quality vs. quantity) of the translation task, which was influenced
by the time conditions. Ghobadi et al. (2017) also indicated that there was no evidence
of anxiety experienced by the participants under time pressure which may push them to
perform the task with a high speed and negatively affect the product quality.
Nevertheless, the underlying mechanisms of such a relationship between translation
quality and time pressure (or translation speed) captured by these studies are worth
investigating with more in-depth analyses.

In the same vein, the effects of time constraints on translation product quality were
also thoroughly examined in Kourouni’s (2012) study in which three tasks with three
timeframes were designed in the experiment, namely 15 minutes, 20 minutes and 30
minutes. It was found that although reduced time lowered the overall product quality,
the difference failed to reach a level of statistical significance. By further checking the
effects on specific aspects of the product, it was found that more time led to particularly
higher scores on Formal Correctness and Terminology/Vocabulary. Thus, it can be
concluded that the change in timeframe may not directly correlate with the change in
the overall translation quality but can negatively affect certain aspects of the translation
product that seem to be less time-resistant. Therefore, a specific focus on these aspects
in translation training was suggested by Kourouni (2012).

In addition to the empirical-experimental approach, Jiménez-Crespo (2012)
adopted a product-based corpus methodology to examine the effects of time pressure
on the quality of online published translations. A parallel corpus was compiled in the
12 hours after the former US President Obama’s inaugural speech, which included ten
different translations into Spanish collected from online media outlets. The translations
were inspected with regard to error counts, lexical variety and creativity. It showed that
although a clear association between errors and lexical variety could be captured, the
effects of time pressure might vary among translations when all the factors under study
were concerned. This meant that while those translations with the highest number of
errors were also of lowest lexical variety and creativity, more translations showed a
great range of variation, or inconsistency, in these aspects. For example, some
translations were of high creativity but low lexical variety, and some were of high error
counts but also high lexical variety. It was indicated that different translators coped
with errors and creativity in different ways and when they were working under time
pressure, they might not be able to attend to every facet of the product, but were likely
to concentrate only on certain aspects (e.g., accuracy or creativity) depending on the
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purpose and the context of the task.

Overall, evidence from previous studies mainly reflects the destructive effects of
time pressure on translation quality, although not all these effects are significant. A few
studies also show traces of the constructive effect of time pressure on translation quality,
but only for a minor portion of the sampling group. Automatic skills and the unequal
distribution of mental resources to different aspects of the translation task (e.g.,
translation quality vs. quantity) in different time conditions could possibly account for
such phenomena. Meanwhile, a systematic investigation of the complex working
mechanism which underlies the relationship between time pressure and translation

quality for translators with different experience levels is still lacking.

2.1.2 Time pressure and the translation process

Probing into the effects of time pressure on the translation process is mainly associated
with studying the translators’ behaviours from which the cognitive processes can be
inferred. In several pedagogy-oriented studies (e.g., Hansen & Hé&nig, 2000; Hansen,
2002b, 2006b; Kourouni, 2012) conducted mainly with student translators, the effects
of time pressure on the translation process have been researched with the purpose of
facilitating and improving the effectiveness of translation training. For example, with
the motivation of discovering the best methods that could be applied to translation
classes to deal with the stagnation in the translation performance of the students, an
effort was made in Hansen’s (2006b) research to catch the knowledge from the process
data which cannot be derived from the product alone. Her experiments were thus
designed not to represent the “normal” translation process at the workplace, but to
capture as much as possible the students’ cognitive processes of translation reflecting
their “competences, actual behaviour and habits” (Hansen, 2006b, p. 78).

Some research methods, such as think aloud protocols, retrospection, keystroke
logging and eye tracking are frequently used in such inquiries. Different dimensions of
the translation process have been researched with different methods. For example,
topics such as patterns of segmentation and the frequency of problem-solving activities
can be researched by applying the method of keystroke logging, while the distribution
of visual and attentional resources can be studied by using the eye tracking technique.
A systematic review of the findings in previous studies regarding the effects of time

pressure on pausing behaviours, translation speed, time distribution to different
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translation phases, (visual) attention distribution and the use of strategies during the

translation process is presented in the following sections.

2.1.2.1 Pausing behaviours

Pausing behaviours during translation might signal different cognitive processes. For
example, a distinction was made between the orientation pauses? and the internal
pauses® in Hansen and Honig’s (2000) study. The ratio of the total pause duration to
the orientation pause duration in a translation task was calculated. Taking the
orientation pauses as a sign of macro-strategy behaviours, it was found that thinking
ahead (i.e., taking a longer orientation pause and rendering the product more
spontaneously afterwards) did not necessarily lead to fewer mistakes for students from
the two (German and Danish) institutions involved in that study. In fact, in the condition
without a time limit, students from the German institution relied much more on their
spontaneous ideas and their automatic translation skills than students from the Danish
institution. In addition, students from the German institution who performed well in the
automated processes (under time pressure) also predominantly succeeded when they
were working without time pressure. Thus, the hypothesis that those who perform well
under time pressure will perform well without time pressure was likely to be
corroborated only for translators who showed the ability to render with a high
automaticity. This ability requires the use of macro-strategy more frequently in the
process of translation. Thus, the acquisition and development of such an ability is
critical for translation trainees.

In another experiment, Hansen (2002b) defined three types of pauses, namely
orientation pauses (at least 6 seconds immediately before the first word of a sentence),
control pauses (at least 6 seconds immediately after the last word or the full stop of a
sentence) and monitoring pauses (a type of control pause during which the translator
checks not only the precedent sentence but also any part of the target text that have
already been produced). It was found that the position, number and length of the pauses
were not correlated with the product quality regardless of time condition and translation

2 pauses of at least 12 seconds, which are inserted after entering a new passage of text or before
formulating sentences or sections. These pauses are used to get an overview of the sentence/section to
be translated.
3 Pauses of at least 12 seconds, which are inserted within the formulation of an already-started sentence.
These pauses are supposed to occur when the translator has difficulty in completing the formulation of
the sentence.
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direction. In addition, translators’ behaviour patterns indicated a relatively fixed work
rhythm with regard to the amount of time distributed to different translation phases and
pauses. Such behaviour patterns certainly reflected the automaticity level and the
routine or habits of the translators. However, there was no correlation between such
patterns and the quality of the products as well. These findings implied a multi-faceted,
rather than a one-fold relation between translation quality and the behaviours during
the translation process for different translators.

While Hansen (2002Db) identified and applied different types of pauses as indicators
of different cognitive processes during translation, Jensen’s (1999, 2000; Jensen &
Jakobsen, 2000) studies took pauses with a fixed threshold of four seconds (recorded
by Translog) as signals of problem-solving activities. Jensen’s (2000) experiment
adopted three fixed deadlines (15, 20 and 30 minutes) for translating three 120-word
English texts into Danish by two non-translators, two students and two professional
translators. It was found that when time decreased, problem-solving activities reduced
significantly, but only during the revision phase, which meant that the revision phase
was more flexible and therefore more likely to be compressed when time was
constrained. In other words, “raw TT production has its own rhythm and speed, which
corresponds to the time factor but is fairly independent of it” (Jensen & Jakobsen, 2000,
p. 112).

The impact of time pressure on revisional behaviours was also examined in Alves
and Liparini Campos’s (2009) research, which focused on pause patterns and the types
of resources accessed by professional translators during translation. The results showed
that time pressure reduced the number of revision pauses in both drafting and end
revision phases and indicated that time pressure affected the revision processes mostly,
which was independent of the use of a translation memory system. Despite the effect
of time pressure, De Rooze (2003) found that spelling mistakes tended to appear
immediately after a pause. This can be seen as a possible indication that reallocation of
cognitive resources was not automatic during the process and preoccupation with the
latest problem took some time to fade away (Mufbz Martin, 2009, p. 31). Also, those
spelling mistakes require additional revision behaviours, and time pressure could
possibly influence the number of such revision behaviours as shown in other studies
(e.g., Alves & Liparini Campos, 2009); such an influence may lead to a degraded
translation product as a consequence.

In summary, some effects of time pressure on different cognitive processes
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indicated by certain types of pauses are identified. For instance, there might be a
relationship between the use of macro-strategy behaviours under time pressure and the
final product quality (Hansen & Hanig, 2000). Also, a more plausible effect of time
pressure is its unbalanced consequences on different components of the translation
process. For example, the revision behaviours appear to be less resistant to the influence

of time pressure (e.g., Jensen & Jakobsen, 2000; Alves & Liparini Campos, 2009).

2.1.2.2 Translation speed

Some of the findings mentioned above related to pausing behaviours essentially
converge to a point that time pressure plays a role in activating automaticity, a core
component of the competence of a translator. Apart from pauses, this ability is also
reflected in the processing speed of translation.

Jakobsen (2002, 2003) conducted a series of experiments mainly investigating the
effects of think-aloud protocols on translation speed, revision and segmentation of
semi-professionals and professionals with the methods of keystroke logging and think-
aloud protocols. The results showed that think-aloud protocols indeed affected
translation speed to a great extent for both groups by comparing data with and without
thinking aloud in the experiments. Thus, it was suggested that when dealing with time-
related variables, such as time pressure or translation speed, the use of think-aloud
protocols as a method should be treated with special care because it is likely to affect
the results. More importantly, Jakobsen’s research also showed that professionals
tended to draft faster than semi-professionals, but they also spent more time on revision
(Jakobsen, 2002, pp. 191-192). This corroborates the proposition that professional or
expert translators are equipped with such an ability, which resembles the interpreters,
to render with a higher level of automaticity resulting in a faster speed in the drafting
process.

De Rooze (2003) found that the difference in time constraints did not affect the
number of pauses and the number of keystrokes per minute for the student participants,
indicating that the participants did not accelerate their work rate under time pressure.
De Rooze thus emphasised the importance of speed when translating under time
pressure because it indicates a higher level of automaticity and the ability of faster
accessing the problem-solving resources. The traces of the advantageous effect of time

pressure on translation quality for a portion of translators confirmed the conducive
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impact of translation speed. This meant that a greater number of operations were
performed per unit of time without overloading the information processing capacity
composed of the long-term and short-term memory (ibid.). If the processing system was
overloaded, the translator would be in danger of a collapse of their processing system,
which may be the reason for most of the errors made in the task completed under time
pressure. Therefore, specific focus in translation training should be put on correlating

translation speed with the quality of information processing.

2.1.2.3 Time distribution

The above findings provide evidence that restricting the time resource available to the
translators can impose an intrinsic influence on the way translators assign the resources
during the process. Modulating the translation speed can be seen as one aspect of
adjusting the overall pace of work or translation rhythm, which is relevant to the
resource allocation scheme. The translation process is also widely researched from the
perspective of the stages from the beginning to the end. These stages typically include
the orientation, drafting and revision phases (Jakobsen, 2002). Modulating the time
distribution to different phases of the translation process is another aspect of adjusting
the translation rhythm.

As mentioned above, Jakobsen (2002) found that professionals drafted faster and
spent more time on the revision phase than semi-professionals. Hansen (2002b) found
a trade-off effect that if a large amount of time was consumed in one phase, it would be
compensated by less time spent on other phases when time pressure was absent.
Hansen’s study (2002b) also showed that each individual translator might have
developed a relatively fixed pattern (or habit) of time consumption in different
translation phases, but no evidence was found that it is correlated with translation
quality.

The results from Kourouni’s (2012) study suggested that when available time
decreased, the student participants tended to focus more directly on planning and
translation work and to drop any time-consuming preparatory moves (e.g., preparing
their workbench in various ways). Also, the decision to read the source text in advance,
based on the participants’ self-reported data, was also affected by the stringency of the
time constraint. However, this decision did not necessarily result in an impact on the

product quality. It seems that those participants who did not read their source text
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consciously before translating compensated for it by other means, perhaps by focusing
on the source text more as they went along. They also compromised on revision in a
similar way: there were almost 60% of the participants who revised their product in the
most relaxed time condition (30 minutes); when the available time was halved, so were
the number of the participants (approximately 30%) who had a revision phase. On the
other hand, participants resisted reducing the translation time. This result was in line
with Jensen’s (2000) conclusions. The minimum percentage for the translation (drafting)
phase slightly increased when the time available decreased, while there were cases
where participants devoted almost all their time to the translation phase. Revision did
not constitute a separate phase for many participants and Kourouni (2012) suggested
that such a behavioural pattern implied a blurring of phases, which Pym (2009) referred
to as “blending”.

The above findings show that the end revision phase appears to be the most flexible
phase that is likely to be “trimmed” (possibly passively) under intense time pressure.
This could result from the fact that the revision phase is the final stage of the translation
process without much prospective control. But whether the revision time is associated
with product quality is of relevance when such a compression of the revision phase
under time pressure is so common. Kinzli (2007) investigated the relationship between
the final product quality and the time spent on an independent revision task of a legal
text by ten professional translators. It was found that quality takes time because the two
participants who spent the longest time on the revision task produced the best
translations. However, spending a lot of time on revision did not necessarily always

amount to a high-quality product.

2.1.2.4 Attention distribution

Sharmin et al. (2008) carried out a study concentrating on time pressure and text
complexity in relation to visual attention distribution. Using the eye tracking
technology, 18 student participants were involved in tasks of translating three texts of
different complexity under the 6-, 5- and 4-minute timeframes. They found that time
pressure mainly affected the fixation duration on the source text area compared with
the target text area. This indicated that it was easier for translators to adapt their reading-
for-comprehension to different time constraints, whereas it was more difficult for them

to adapt their reading-and-monitoring of the target text. This is the first study on time
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pressure which adopted the eye tracking technology and focused on how visual
attention was affected by time pressure.

Hvelplund (2011) explored how time constraints can influence the distribution of
attentional resources with the method of eye tracking as well. Conforming with Sharmin
et al. (2008), it showed that under time pressure, less cognitive resources were allocated
to ST processing than under no time pressure. A probable explanation was that the ST
meaning was identified more quickly as less time was available. TT reformulation was
affected little by time pressure. This meant that when a translator was working under
time pressure, the amount of attention allocated to the ST comprehension, rather than
the TT reformulation, was more likely to be affected or compressed. Also, indicated by
pupil size, cognitive load was higher during translation under time pressure than under
no time pressure. This comes as no surprise, since less time was available under time
pressure to carry out the same cognitive operations involved in ST comprehension and
TT reformulation.

The findings in the above-mentioned studies mainly show that time pressure is
more likely to cast an impact on the attentional resources spent on reading
comprehension, rather than on the production process. Despite these few studies, the
examination of effects of time pressure on the allocation of visual attention during

translation is still scarce.

2.1.2.5 Strategy and learning style

Apart from the distribution of problem-solving activities, Jensen and Jakobsen (2000)
also investigated the effects of time pressure on the use of translation strategies with
the methods of think-aloud protocols and keystroke logging. No significant correlation
was found between time constraint and the use of direct (borrowing and literal
translation) and indirect (paraphrase and adaptation) strategies. Jensen (2000) applied
Scardamalia and Bereiter’s (1987) models of Knowledge Telling and Knowledge
Transforming into translation and the result showed that expert translators were able to
apply Knowledge Telling strategies in a more consistent way than the other two groups,
and when problems occurred, non-professionals applied Knowledge Telling strategies
to solve them, whereas professional translators applied Knowledge Transforming
strategies in response to problems (Jensen, 2000, pp. 180-181). These findings provide

further insights into the differences in cognitive processing styles between groups of
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translators with different levels of experience under time pressure. However, as
mentioned earlier, the potential slowing-down effect of the concurrent think-aloud
protocols may influence the accuracy of the results.

Incorporating the product-based analysis, management theory and educational
psychology, Kourouni (2012) investigated student translators’ learning styles (i.e.,
patterns of thinking, perceiving, problem-solving and remembering when approaching
a learning task) in her study of time pressure and translation. Kourouni (2012) defined
four procedures, i.e., omission, literalism, specification and generalisation, which are a
set of steps leading to a specific result in order to solve a particular translation problem.
It was found that the visual/verbal dimension of the learning styles was correlated with
two cases of the procedures and a consistent pattern was shown: the stronger the
preference for visual learning, the more the participants stuck to the text (i.e., likely to
choose literalism). Conversely, the stronger the preference for verbal learning, the more
the generalisation was used.

In addition, the results in Kourouni’s (2012) study suggested that with a relatively
convenient deadline, the visual/verbal dimension of learning styles (about the input
modality) was significantly correlated with translation quality, showing that the more
extreme the preference for visual learning, the worse the overall quality. With a tighter
deadline, the sequential/global dimension (about the understanding of the input) was
dominantly correlated with the translation quality, showing that the more sequential the
participants, the higher the overall quality. Such empirical findings have shed some
didactic light on translator training from a more learning-centred perspective.

Overall, the effect of time pressure on translators’ choice of (direct or indirect)
translation strategy was not evident (Jensen & Jakobsen, 2000). However, translators’
experience level may modulate their choice of Knowledge Telling and Knowledge
Transforming approaches to translation under different time conditions (Jensen, 2000).
In addition, there might be a correlation between some dimensions of the student

translators’ learning style and their translation quality (Kourouni, 2012).

2.2 Stress and emotion in translation and interpreting research

Despite the above-mentioned works that focused specifically on time pressure in
written translation, extensive attempts that sought insights into how stress and emotion

could function to influence both translation and interpreting performance have been
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made in recent decades. The findings and methodologies in those studies are
undoubtedly relevant to the current exploration of the impact of time pressure on

translators and translation performance.

2.2.1 Stress

The effects of stress on the translation product and process have been explored mainly
through studying the various effects of time pressure as presented in previous sections.
However, experimental investigations of the psychological and physiological effects of
stress have been scarce. To the best of the author’s knowledge, only one recent study
(Baghi & Khoshsaligheh, 2019) has investigated the stress level experienced by
translators in written and sight translation. Baghi and Khoshsaligheh (2019) employed
heart rate and blood pressure as physiological indicators of stress in their study and
found that sight translation was a more stressful modality for translators as evidenced
by a significant rise in both heart rate and blood pressure, compared with written
translation. Elsewhere, instead of conducting an experiment-based study, Courtney and
Phelan (2019) employed a quantitative questionnaire consisting of seven questions to
measure the self-perceived occupational stress and job satisfaction levels of 474
translators in the UK. The most pronounced stressors revealed by the respondents
included perceived unfair treatment from agencies, poor remuneration and uncertainty
about the future. Despite these negative aspects about stress, the respondents generally
exhibited high to extremely high job satisfaction.

While time pressure can be taken as a common source of stress for translators in
their routine work, it is inherently embedded in interpreting which always has a highly
restricted flexibility of time for rendering. In other words, the task nature inevitably
makes the interpreters experience imminent and ongoing time pressure throughout the
process, which makes interpreting a highly stressful activity. As a result, explorations
of stress in interpreting activities are in abundance and span a wide range of topics with
diverse methods involved.

In the field of interpreting research, substantial attention has been paid to the effects
of anxiety or stress on interpreters’ task performance as well. For instance, Roziner and
Shlesinger (2010) revealed a relatively small impact of stress on either the quality of
the interpretation or interpreters’ health. However, stress usually points to considerable

psychological effects, including an increase in feelings of isolation and alienation.
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Chiang (2009, 2010) investigated the scope and severity of foreign language anxiety
experienced by Taiwanese student interpreters during the learning process. The results
showed that about one-third of student interpreters suffered from foreign language
anxiety, though their foreign language anxiety was less prevalent and less severe than
other Asian L2 learners’ (Chiang, 2009). In addition, foreign language anxiety was
found to be significantly and negatively associated with their learning outcome (Chiang,
2010). However, Jiménez lvars and Pinazo Calatayud (2001) found that although low
confidence in public speaking was significantly related to high scores in the anxiety
level of interpreter trainees, the anxiety level was not negatively related to their
interpreting performance. The authors suggested that the relatively high level of anxiety
shown by the sample could be a sign of “positive anxiety” and coping strategies may
be the explanation for this lack of influence. Similarly, Kao and Craigie (2013)
suggested that coping strategies significantly accounted for interpreting stress. Using
the strategies of problem-solving coping, seeking-social-support coping and reducing
reliance on avoidance coping may lead to a reduction in interpreters’ stress. This, in
turn, may improve student interpreters’ performance. Therefore, more attention should
be paid to improving the students’ awareness and ability for the proper utilisation of
coping strategies in interpreting training.

Another focus of previous stress-related studies in the field of interpreting research
has been the psycho-physiological responses of stress reflected by various biological
indicators such as salivary cortisol, heart rate and galvanic skin response. For example,
by measuring interpreters’ cardiovascular activity before and after four interpreting
shifts during a day’s work, Klonowicz (1994) found pronounced elevations after the
working shifts and that the mobilisation wave (i.e., the transition from the baseline state
to an activated state) was manifest in all the three measures of the cardiovascular
activity (systolic blood pressure, diastolic blood pressure and heart rate) while the
normalisation wave (i.e., the transition from an activated state to the baseline state)
occurred systematically for systolic blood pressure only. This suggested that,
methodologically, these measures might be more robust in reflecting mobilisation in
interpreting activities.

It was found in the study conducted by Moser-Mercer et al. (1998) that prolonged
turns of simultaneous interpreting risked a decline in the quality of the output, which
appeared to be due to a combination of the psychological (increase in stress emotions)
and physiological (mental overload, as indicated by cortisol and immunoglobulin A
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secretion levels) factors. Using the self-report and physiological measures, Moser-
Mercer (2003, 2005) confirmed that remote interpreting was more tiring than live
interpreting and interpreters were tired significantly more quickly as evidenced by a
faster decline in the quality of performance over a 30-minute turn. Kurz (2002, 2003)
explored how novices would differ from expert interpreters in stress levels during
simultaneous interpreting. The results indicated that the expert interpreters’ pulse rate
values remained within the normal range and no marked signs of elevated stress were
observed. However, the student interpreters’ pulse rate was clearly higher than that of
the expert interpreters, indicating that for novices even an ordinary classroom situation
(working with a text that had been available in advance) involved measurably higher
physiological stress. Thus, it was suggested that experienced conference interpreters
can be expected to cope with the high demands of a technical conference and that
training and experience helped them adopt the right strategies.

With the biomarkers of heart rate and blood pressure, Korpal (2016) investigated
whether the speaker’s rate of delivery would influence the level of stress experienced
by interpreting trainees in a simultaneous interpreting task. The results showed that the
participants’ level of stress was significantly related to heart rate. Similarly, Rojo et al.
(2021) found that student interpreters’ grades were negatively correlated with their
levels of State Anxiety, and they had a significant increase in heart rate during the
interpreting task phase as compared with the baseline and recovery phases. It was
suggested that heart rate was a sensitive marker to detect the students’ stress response,
but not to the level of influencing their performance. The authors also indicated that
there is a need to triangulate different measures to obtain a complete picture of how
stress and anxiety may impact interpreting performance.

In addition to the empirical experimental studies, several survey studies have been
conducted aiming to investigate the level of occupational stress experienced by
interpreters as well as to identify the most pronounced stressors for interpreters. Cooper
et al. (1982) undertook a study which combined in-depth interviews and a large-scale
survey to investigate the stress state of the conference interpreters in the International
Association of Conference Interpreters (AlIC). Four general sources of stress (physical
environmental factors, task-related factors, inter-personal factors and home/work
interface) were identified and researched through the interview study. It also examined
AIIC interpreters’ present physical health, job satisfaction, type A/B personality,
perceived stress on the job and mechanisms for coping with stress through the survey



Chapter 2 Literature Review 25

study. The results suggested that the respondents experienced high level of work stress
but with a relatively high level of job satisfaction; they were in good physical health in
general, but at some risk of mental ill-health; overall, they tended to be slightly Type A
oriented, but not at a particularly vulnerable coronary risk level; their job stressors can
be grouped into environmental, task-related, organisation/management, delegate and
personal categories.

Mackintosh (2003) reported a comprehensive study conducted by AIIC on the
work stress experienced by interpreters, which involved various stressors and
physiological responses using a variety of methods such as survey questionnaire,
salivary cortisol, blood pressure and heart rate. The results from the survey research
showed that 88% of the respondents expressed overall satisfaction in their work, and
the main stressors identified were poor documentation, speed of delivery, difficult
accents, undisciplined speakers and poor booth conditions. Also, 66% of the
respondents self-reported high levels of work-related stress. The results from the
experimental research revealed that both blood pressure values and salivary cortisol
levels of interpreters were consistent with high-stress occupations and their stress levels
were highest when they were on mike. The survey research and the experimental study
reported in Cooper et al. (1982) and Mackintosh (2003) gave a comprehensive overview
of interpreters’ occupational stress and offered both practical and methodological
implications about the issue of stress in interpreting activities.

Recently, Korpal (2021) extended the respondents of the survey research to both
translators and interpreters, aiming to investigate the psychological stress among sworn
translators and interpreters working in the Polish-English language pair in Poland.
Several stressors related to certified translators’ and interpreters’ work (such as the
speaker’s delivery rate, translation and interpreting rates and non-cooperative
translators and interpreters) and their medical symptoms (such as fatigue, back pain and
eye irritation) as well as their coping strategies (mainly task-oriented coping) were
identified. The translation and interpreting rates have been a significant stressor and a
main reason for their dissatisfaction in their work.

Overall, it appears that much more attention has been devoted to stress in
interpreting than in written translation, which may result from the general impression
that interpreting is considered a more stressful and demanding activity than written
translation. This situation, on the other hand, reflects that stress in written translation is

still understudied, let alone using the well-developed psychometric and physiological
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methods. The empirical interpreting studies could also shed some light on the
methodologies in researching time pressure or stress in written translation as well as
the underlying mechanisms of the interplay between stress and cognition in language

processing.

2.2.2 Emotion

Time pressure can be a potential emotional trigger and the resulted affect states are
likely to influence the processing of translation as well as the quality of the final product
(Rojo, 2017). As shown in the literature reviewed earlier, both time pressure and stress
can have conducive and obstructive effects on translation or interpreting performance.
In this sense, it is also of relevance to follow the role different emotions or affective
factors play in translation or interpreting activities, in order to gain a more
comprehensive understanding of the underpinning mechanism of time pressure or stress
in cognitive processes.

Different emotions may influence translation performance differently. For example,
Rojo and Ramos (2016, 2018) explored how positive and negative emotions impact
translation performance. The results suggested that positive emotions encouraged
creativity in terms of cognitive breadth and flexibility while negative emotions fostered
meaning accuracy in terms of item-specific processing. Meanwhile, it was found in
Rojo and Ramos’s (2014) study that translators translated faster when the stimuli were
congruent with their ideological beliefs, which meant that emotional states could
promote mood-congruent thoughts and actions.

Translators’ or interpreters’ emotional reaction to different stimuli is also different.
Rojo et al. (2014) found that metaphorical and non-metaphorical translations of four
emotions (i.e., happiness, sadness, rage and fear) were significantly different in their
emotional impact on the recipients of the translation as revealed by the heart rate
measure. Jankowiak and Korpal (2018) focused on bilingual emotional language
processing and they suggested a decreased reactivity to emotional stimuli in L2 than in
L1, and more pronounced reactivity to visual than auditory stimuli in L1. Korpal and
Jasielska (2019) investigated whether simultaneous interpreter’s empathy could be
affected by the speaker’s emotions. The results showed that interpreters were indeed
affected by the speaker’s emotions when compared to neutral speech. Thus, it can be

seen that the ability of properly regulating one’s emotions at work is an important
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element for translation or interpreting performance.

As such, the role of emotional intelligence and emotional stability in translation
and interpreting activities has been extensively researched from various perspectives.
For example, the results derived from Pahlavani and Asroush’s (2013) study showed
that there was a positive and significant relationship between the learners’ level of
emotional quotient and their success in oral translation performance. It was found in
Shangarffam and Abolsaba’s (2009) research, however, that there was no significant
relationship between the level of emotional intelligence and the quality of translation
among student translators. In the same vein, Varzande and Jadidi (2015) reported, based
on the data collected from 100 professional translators, that no significant relationship
was found between their emotional intelligence and their translation quality, but their
academic experience significantly affected their translation quality. The implication of
the impact of professional experience on emotional intelligence has been manifested in
Hubscher-Davidson (2016) as well, which found that literary and non-literary
translators were significantly different in terms of emotion regulation as revealed by
their trait Emotional Intelligence scores. Similarly, skilled interpreters were different
from novice interpreters in their self-regulatory processes with respect to metacognition,
emotion regulation, self-observation and self-judgement (Hild, 2014). Based on these
results, emotional intelligence, including the ability of emotion regulation, might be
associated with translators’ professional experience, but is not necessarily linked to
their translation performance.

The difference of personality and emotional traits of translators and interpreters
and how translation or interpreting performance can be affected by such traits have also
attracted attention in recent years. For example, Rosiers et al. (2011) found that
interpreting students reported higher levels of self-confidence with regard to oral tasks
and translation students reported distinctly more language anxiety. The results from the
study conducted by Cifuentes-Fé&ez and Fenollar-Cortés (2017) revealed significant
relations between the facets of expressive suppression and negative expressivity with
regard to student translators’ performance, suggesting that those who tended to hide or
inhibit emotional states and responses were more likely to perform better in translation
tasks and those who tended to display negative emotions were more likely to perform
worse in translation tasks. However, no statistically significant correlations were found
between the individual difference variables (e.g., anxiety levels, integrative motivation,

self-perceived communication competence and language skills) and their sight
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translation performance. In addition, Cifuentes-Fé&ez and Meseguer Cutillas (2018)
reported that the more creative the translators, the more creative the translations they
produce, and the higher the translators’ self-esteem, the lower the scores for accuracy.
Thus, the personality and emotional traits of translators and interpreters could possibly
modulate their performance from various dimensions. Identifying and exploiting such
traits could be beneficial in their work.

These studies have demonstrated some important aspects of emotion which are
significant factors that can regulate translators’ and interpreters’ minds and eventually
influence their translation or interpreting performance. Some aspects, such as emotion
regulation and stress management, are highly relevant to the capability of managing
time pressure properly in translation practice. Researching time pressure, in turn, can
also provide empirical evidence and valuable accounts for the various emotional

impacts on the translation processes and product.

2.3. Summary

This chapter provides a systematic review of previous literature on topics of time
pressure, stress and emotion in both written translation and interpreting research.
Previous findings predominantly demonstrated a negative effect of time pressure on the
translation product, with a few cases showing the facilitative function of time pressure.
Automatic skills and an unequal distribution of mental resources to different aspects of
the translation task (e.g., translation quality vs. quantity) under different time conditions
might provide some insights for such phenomena. Time pressure could also affect the
translation process in terms of pausing behaviours which can signal different cognitive
processes such as problem-solving activities; but such effects were usually limited to a
certain extent, for example, within the revision phase (e.g., Jensen & Jakobsen, 2000).
The importance of maintaining a fast translation speed especially under intense time
pressure has been emphasised, since it indicates a higher level of automaticity and the
ability of faster accessing the problem-solving resources (De Rooze, 2003).

It appeared that the influence of time pressure on the pattern of time distribution to
different translation phases varied: the orientation and the revision phases were more
likely to be trimmed under time pressure, and translator’s experience level might make
a difference as well (e.g., Kourouni, 2012; Kinzli, 2007). In addition, time pressure

could modulate translators’ visual attention distribution, especially lessening the
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amount of attention that is distributed to ST comprehension compared with that
distributed to TT production (Sharmin et al., 2008; Hvelplund, 2011). The effect of time
pressure on translators’ choice of (direct or indirect) translation strategy is not evident
(Jensen & Jakobsen, 2000). However, translators’ experience level may modulate their
choice of Knowledge Telling and Knowledge Transforming approaches to translation
under different time conditions (Jensen, 2000); certain dimensions of student translators’
learning style might be associated with their translation quality, which calls for a
specific focus on such aspects in translation training (Kourouni, 2012).

Examinations of the psycho-physiological effects of time pressure or stress on
written translation have been scarce. In contrast, such investigations have been
relatively extensive in interpreting research with more diverse methods involved.
Basically, by employing various psycho-physiological measures of stress, the effects of
common stressors such as delivery rate, prolonged interpreting turns and whether it is
remote or live interpreting, on interpreters and on interpreting performance have been
inspected (e.g., Korpal, 2016; Moser-Mercer et al., 1998; Moser-Mercer, 2003, 2005).
Furthermore, taking a broader view, time pressure and stress could be emotional
triggers for translators. Different emotions (e.g., of different valency) generated during
the translation process could lead to varied consequences in translation performance in
terms of, for example, accuracy, speed, and creativity (e.g., Rojo & Ramos 2014, 2016);
similarly, translators’ emotional traits such as the ability of regulating emotions during
work could be potential factors regulating their performance (e.g., Cifuentes-Fé&ez &
Fenollar-Cortés, 2017).

From the point of view of research methodology, in most existing studies
investigating the effects of time pressure on written translation, time pressure was
assumed to be induced by constraining the given timeframe before the time-pressure
effects on task performance were concluded. Actually, apart from imposing deadlines
as a basic trigger of time pressure, supplementary manipulation strategies for time
pressure inducement and intensification are available (see section 4.1). In addition,
before examining the time-pressure effects on task performance, applying valid
measures to verify the successful inducement of time pressure is necessary. The psycho-
physiological measures (e.g., blood pressure and heart rate) which are validated and
widely applied in relevant interpreting research are appropriate candidates. These
methodological concerns have been addressed in the present study (see details in
Chapter 4) to further improve the internal validity and reliability of the findings.
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Time pressure, from a psychological point of view, is inevitably associated with stress,
a psychological construct that has been extensively researched. Preliminary theoretical
models in stress studies merit attention before delving into the effects of time pressure
on translation. In addition, the translation process as a complex and higher-order
cognitive activity resembles a learning process and involves different subprocesses
such as reading comprehension and text production. Theoretical frameworks
accounting for such cognitive processes, developed in disciplines such as learning
sciences and reading research, could also shed light on understanding the cognitive
processes of translation and how time pressure could affect them. Combining such
theoretical constructs, models and frameworks, this chapter describes an overall
theoretical framework for the thesis: first of all, concepts of time pressure and stress as
well as relevant models accounting for their relationship with human performance are
discussed in section 3.1; section 3.2 provides a detailed introduction to Cognitive Load
Theory which is developed in the context of learning sciences; criteria and theories
about automaticity and the theoretical scopes of cognitive rhythm are described in
section 3.3; finally, section 3.4 summarises the whole chapter.

3.1 Time pressure, stress and human performance

Understanding the interaction between cognition and time pressure/stress would be the
basis for understanding the effects or consequences of time pressure on performance.
This section illuminates the core of the concepts of time pressure and stress, involving
the essential cognitive mechanisms and fundamental theoretical models underpinning

their effects on human behaviours and performance.

3.1.1 Time pressure in cognitive activities

3.1.1.1 Time pressure, time pressure generation and the cognitive relevance

Intuitively, time pressure usually results from an externally imposed time constraint on
a task. Such a time constraint, or deadline, can be seen as the most direct trigger of time
pressure. As shown in the previous chapter, imposing a deadline has been the most
common way to induce time pressure in empirical translation studies. Strictly speaking,
time pressure is defined as “the difference between the amount of available time and

the amount of time required to resolve a decision task” (Rastegary & Landy, 1993, p.
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225). It is, nevertheless, necessary to distinguish between time constraint and time
pressure. Time constraint only refers to the objective deadline imposed on a task.
However, time pressure as a more complex construct, involves more components,
including not only the external and obligatory deadline, but also the internal and
subjective experience of time urgency in the course of executing a task. In fact,
perception plays a central role in the notion of time pressure — time pressure arises when
the available time is perceived to be insufficient (ibid., p. 226).

Determining the components of time pressure underscores the importance of
understanding how time perception functions to produce time pressure. A few
theoretical models have been put forward which attempted to unveil the mechanism
that underlies the generation of time pressure. The acceleration hypothesis (Miller,
1960), for example, takes the view that people decompose task problems into smaller,
more manageable subtasks that are organised in time. Time pressure is induced in such
cases when accelerated information processing occurs, which overloads one’s capacity.

Moving forward, time perception theories, such as the contextual change model
(Fraisse, 1963; Block & Reed, 1978), the segmentation model (Poynter, 1983, 1989;
Poynter & Homma, 1983), and the storage-size model (Ornstein, 1969), basically take
the number of intervening events during an interval as cues of time passage evaluation.
This means that the more that the events occur within a given time period, the longer
the period is judged to be (MacGregor, 1993, p. 76). In other words, an increase in the
perception of time pressure can result from the increase in the number of cognitive
events taking place within a given time period. MacGregor (1993) gives a concise

summary of this account:

Time pressure, in this sense, is experienced as a disturbance in one's internal clock or
ability to judge the passage of time. Urgency is exacerbated by mental activity; the
more the processing of information is accelerated, the greater the sense of time pressure.
This hypothesis predicts that the perception of time pressure is not linear with veridical

time but increases exponentially as deadlines draw near. (p. 77)

On the other hand, the attentional model (Frankenhaeuser, 1959; Priestly, 1968)
posits that subjective duration is related to the degree of attention that one is devoting
to the passage of time itself. It means that the attempt to monitor time availability as
demands of a secondary task would compete for cognitive resources with the primary

task demands. Time pressure is the result of the cognitive overload that people
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experience and is associated with having to keep track of time. Thus, a negative
relationship between information-processing load required during a target interval and
its subjective duration is predicted (Zakay, 1993, p. 63). This prediction, however, is
essentially opposite to the prediction made by the above-mentioned time perception
theories which posit a positive linear relationship between the number of cognitive
events or contextual changes that occur during an interval and the estimated duration.

By differentiating the prospective and retrospective paradigms in subjective time
perception, these models were unified by Zakay (1993). In the case of the prospective
paradigm, subjects are aware of the existence of the time constraint and keep
monitoring how much time has passed throughout the task performing process. In
contrast, within the paradigm of retrospective time perception, subjects are not aware
of the time constraint and thus devote all the attentional resources into the completion
of the task itself during the task performing process. As a result, in the retrospective
paradigm, they can only retrieve the temporal information and estimate the time after
completion of the task. Therefore, as pointed out by Zakay (1993, p. 66), time pressure
occurs at the prospective paradigm of time perception when subjects are aware of and
occupied with the passage of time. Thus, studies with deadlines investigating time
pressure effects naturally fall in the prospective paradigm of time perception and
consequently the attentional model can be adopted: the attentional resources are
allocated to task processing and monitoring the passing of time simultaneously. As the
attentional resources are limited, the more the resources are devoted to monitoring the
passing of time, the less attention is left for performing the task and vice versa.

These theoretical models reveal that the generation of time pressure during task
execution is indispensably associated with the disturbed subjective time perception
where cognitive processes take place and cognitive resources are consumed. It is thus
not difficult to understand that cognitive perturbations occur with the presence of time
pressure. In response to such consequences, different patterns of cognitive strategy have

been identified, as discussed in the following section.

3.1.1.2 Mechanisms of time pressure functioning on cognitive processes

Maule and Hockey (1993) summarised the major patterns of cognitive strategy
selection in decision making tasks that can be affected by time pressure. Specifically,

approaches to studying strategy change at a macro-level, a micro-level and in a
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combination of the macro- and micro-level are discussed separately. The macro-level
strategy selection mainly concerns the change from using a compensatory rule to a non-
compensatory rule which can be induced by the imposition of time constraints.
Compensatory rules refer to strategies that involve a global rating of each alternative
that allows a trade-off between attributes, i.e., a poor aspect on one attribute can be
compensated for by a good aspect on another; non-compensatory rules, in contrast, do
not tolerate trade-offs, with alternatives being rejected immediately as they fail to meet
an acceptable level on any attribute (Maule & Hockey, 1993, p. 87). In general,
compensatory rules are considered to be more complex and requiring greater mental
effort but are likely to result in better or more optimal decisions (Einhorn & Hogarth,
1981, as cited in Maule & Svenson, 1993, p. 15). It follows that the change of strategy
in different time conditions is based on a cost/benefit analysis at the macro-level. As
suggested by Maule and Hockey (1993, p. 86), time constraints can alter the choice of
strategy since “the preferred strategy for any particular choice/benefit combination may
be unable to be implemented in the time allowed”.

The micro-level strategy concerns people’s peculiar ways of adjusting to
information overload. The most relevant and widely acknowledged modes of
adjustment in tackling time pressure are filtering, omission and acceleration, which
were put forward by Miller (1960). Maule and Hockey (1993) summarised the
definitions of these three strategies:

Filtering occurs when individuals neglect certain low-priority categories of information

while continuing to process others. (p. 86)

Omission occurs when individuals completely ignore aspects of task information, for

example, when they stop processing all task-related processing temporarily. (p. 86)

Acceleration involves a general speeding up of mental activity in order to keep up with

increasing task demands. (p. 87)

In a combination of the macro-level and micro-level approaches and the principle
of the cost/benefit analysis, Maule and Hockey (1993, p. 88) suggested that a hierarchy
of ways of adapting to deadlines, varying as a function of the deadline stringency, can
be identified in various experimental findings: individuals would firstly try to accelerate
processing, while maintaining the same macro-level strategy; if acceleration is not

sufficient to meet these demands, filtering is used to reduce the overall information-
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processing load; if both acceleration and filtering are not effective, individuals would
change the strategy in the direction of an increased use of non-compensatory rules. It is
thus considered that such strategy changes are adaptive, and the adaptation follows the
decision rules that can produce the outcome with the highest value or benefit in that
situation.

The consideration of time constraints as a stressor in addition to as a mere task
variable was integrated within a control model — Variable State Activation Theory
(VSAT) by Maule and Hockey (1993), which takes into account both the critical role
of effort in decision making under stress, and the significance of a cost/benefit analysis
in determining the ways of adapting to time constraints. In this control model of stress
regulation, the cognitive state (containing the available resources) produced by a
stressor (such as a time constraint) may or may not be appropriate for current processing
demands. A disruption of equilibrium could be brought about by the stressor. It is
assumed that “the (frequent) discrepancies within the normal range are managed
automatically through the use of low-cost, routine corrections” (ibid., p. 92). However,
if the discrepancy exceeds a certain level and cannot be resolved by routine regulation,
a high-level controlled response is involved. To be specific, such a high-level regulatory
activity is featured by increased effort and the deliberate planning of actions, or by the
conscious selection of alternative goals. Four general options for such regulatory
activities are identified (route 1, 2, 3 and 4 in Figure 3-1).
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Figure 3-1. The control model of Variable State Activation Theory proposed by
Maule and Hockey (1993), reproduced with permissions from the authors; copyright
1993 Springer.

Maule and Hockey (1993) described the first option as changing the cognitive state
which is a means of direct control involving the maintenance of performance goals at
the expense of increased effort (termed as a trying-harder reaction). In this case, the
sensed discrepancy is managed through the recruitment of additional resources (i.e.,
effort), without changing the task goal. Such a strategy involves extended high-level
executive (or supervisory) function (Hamilton et al., 1977; Hockey, 1986), and could
be costly in terms of affective and physiological states, because maintaining
effectiveness under continued stress or high workload is known to be associated with
increased sympathetic activation or mental effort (e.g., Lundberg, 1982; Wilkinson,
1962; Frankenhaeuser, 1986). Therefore, this is the most effortful strategy among all
the four options.

Maule and Hockey (1993) suggested that coping with a deadline (as a stressor)
clearly demands an increase in the speed of processing, but acceleration is only feasible
up to a point and there must be some upper limit on the speed of processing. This
argument is empirically backed up by the finding of De Rooze (2003) in translation
research (i.e., 200 words per ten minutes as the upper limit) as mentioned earlier in
Chapter 2. Maule and Hockey (1993) explained that as the deadline becomes more
stringent, the costs of further acceleration could outweigh the benefits gained, and thus
allocating more central control resources in such a situation could be a less effective

means of adapting. Therefore, two predictions were made: 1) in relatively important
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situations, people should persevere longer with a control mode based solely on
acceleration, because the costs of faster responding are more likely to be balanced by
the benefits of using a complex and high-accuracy strategy; 2) acceleration induces an
aversive state associated with high levels of effort that is difficult to sustain; this makes
the direct control less likely to be successful when the decision process is extended over
a prolonged period (ibid., p. 94). This is why there must be some upper limit on the
speed of processing.

The second option is to change the target state, which is a form of indirect control,
involving “a downward adjustment of central motivational priorities, in order to meet
available resources” (ibid., p. 94). Adoption of such a low-effort regulation strategy
may result from the consideration that the small marginal gains in decision accuracy
from a trying-harder reaction may be outweighed by the high level of cognitive and
emotional costs incurred. As such, a shift away from high-cost performance-oriented
goals to the direction of low-cost goals (e.g., emphasizing personal comfort or
emotional stability) may happen, which involves a reassessment of the costs and
benefits of different goal-action plans (ibid., p. 94). However, as indicated by Maule
and Hockey (1993), changing the target state, or changing the goal for behaviours does
not mean that the performance goals are abandoned altogether; rather, they are pursued
with reduced priority (Schénpflug, 1983), or with modified specification requiring less
use of high-cost processes such as working memory (Hamilton et al., 1977). In the case
of dealing with strict deadlines as a stressor, increased use of lower-effort strategies
such as filtering (at the micro-level) and a switch from compensatory to non-
compensatory rules (at the macro-level) could amount to the adoption of this low-effort
regulation strategy.

The third option, which represents the most direct means of control, is to change
the environment. This strategy involves the modification or elimination of the stressor
at source and thus is the most effective procedure for restoring the equilibrium.
Obviously, this option is not always possible, especially in the case of externally
imposed stressors such as working to externally imposed deadlines: it would involve a
renegotiation of the deadline, or a reduction in workload, i.e., reducing the number or
complexity of decisions to be made in the time given (Maule & Hockey, 1993, p. 95).

The last option is doing nothing in the face of the state of disequilibrium. This
option reflects, as suggested by Maule and Hockey (1993), a lack of involvement in

either the task or the environment which implies the individual’s inability to either
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change the environment or implement a high- or low-effort operation (e.g., because of
fatigue or unavailability of further cognitive resources). In a time-pressured condition,
the lack of appropriate actions could be the result of, for example, a deadline being
unreasonably strict for the work that must be done. In this situation, i.e., without access
to normal coping resources, maladaptive states such as helplessness or panic (e.g.,
Seligman, 1975; Janis & Mann, 1977) may arise (Maule & Hockey, 1993, p. 96). Maule
and Hockey (1993) summarised well the essence of this control model of stress

regulation:

In conclusion, this approach assumes that individuals adapt to time constraints by
comparing the demands of the situation to the current cognitive state and evaluating
the costs and benefits of control activity to reduce any discrepancies identified by this
comparison. Control activity involves expending effort, which is assumed to be limited
in supply. If no appropriate control activity is available in a situation of some
importance, then all the symptoms associated with panic and pressure would be
expected. (p. 96)

In the context of an experimental setting in the present study where deadlines are
externally imposed on the translation tasks, the third and the last options are generally
not expected, because the deadlines are non-negotiable and doing nothing or giving up
the task directly will result in a failure of the experiment. Thus, the focus of this study
is put on the adoption of the first two options of stress regulation in terms of time
pressure management, namely changing the cognitive state (a high-effort strategy) and
changing the target state (a low-effort strategy). Specifically, by measuring the amount
of effort devoted to the tasks with different time constraints, the effects of time pressure
on the adoption of stress regulatory strategies can be illuminated.

Overall, the theoretical models and approaches about time perception and cognitive
strategies associated with time pressure management elucidate the nature of how time
pressure functions to affect complex cognitive activities. It is also evident, especially
in the model of VSAT, that the construct of stress serves as a basis for understanding
the effects induced by time pressure. The following section discusses some relevant and
important aspects of stress and its relation to task performance.

3.1.2 Stress, coping and performance
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3.1.2.1 The nature of stress

Although stress is a widely used term in everyday life, it is difficult to define. Cox
(1978) delineated three categories of definitions of stress, namely, the response-based,
stimulus-based and the interactional models. The response-based definitions generally
take a physiological or biochemical approach, and stress in this approach is referred to
as “a state manifested by a specific syndrome which consists of all the non-specifically
induced changes within the biological system” (Selye, 1976, p. 64). The stimulus-based
definitions (e.g., Broadbent, 1971; Hockey, 1979), as suggested by Sanders (1983), take
stress as a convenient label and a collective noun indicating certain environmental and
organismic conditions, such as noise, sleep loss and heat. Both the response-based and
stimulus-based definitions lack the emotional component which is usually attached to
the concept of stress in common sense understandings (ibid.). The interactional
definitions, however, consider stress as an intervening variable referring to a state of
divergence between perceived demands and capabilities to adapt (ibid., p. 62). In this
vein, Lazarus and Folkman (1984, p. 19) defined stress as “a particular relationship
between the person and the environment that is appraised by the person as taxing or
exceeding his or her resources and endangering his or her well-being”. The essence of
the transactional definitions of stress is that a comparison between demands and
resources leads to cognitive appraisals and subsequently to a stress response if the
outcome of the comparison is unfavourable and difficult to correct (Sanders, 1983;
Welford, 1973; Lazarus, 1966; Cox, 1978). Clearly, the control model of VSAT (Maule
& Hockey, 1993) mentioned earlier on regulatory cognitive activities in coping with
stress/time pressure follows such an interactional approach where the attempts to cope
may come to terms with changing the perceived demands, or changing the required
quality of adaptation, or changing both.

The nature of stress in the interactional model is the discrepancy that exists between
the level of demand and the individual's ability or resources to cope. Cox (1985)
epitomises the situation that is likely to be appraised as stressful taking a transactional

approach:

A classic stressful situation is one in which the person's resources are not well matched
to the level of demand and where there are constraints on coping and little social
support. Stress, itself, is an individual psychological state. It is to do with the person's

perception of the (work) environment and the (emotional) experience of it. (p. 1156)
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As mentioned above, the emotional component of stress is emphasised in the
transactional approach. Thus, an immediate response to a perceived stressful situation
in the form of a negative emotional experience is common. The responses to stress can
be categorised as psychological, behavioural or physiological, since the emotional
experience of stress is often accompanied by changes in the person's perceptual and
cognitive processes and in behavioural and physiological functions (ibid., p. 1157).
Chapter 4 discusses the details of these manifest responses as measures of stress applied
in the current study from a methodological perspective.

3.1.2.2 The transactional theory of stress and coping

The most representative and influential theory taking the interactional approach to
understanding and studying stress is Lazarus’s transactional model of stress (Lazarus,
1966, 1976; Lazarus & Folkman, 1984). Stress is considered a product of the
transactional system comprising two critical processes, i.e., cognitive appraisal and
coping, that mediate the person-environment relationship (Figure 3-2). Cognitive
appraisal involves a primary appraisal and a secondary appraisal. The primary appraisal
refers to the process of evaluating and determining whether an event is stressful, i.e., to
answer “Am I in trouble or being benefited, now or in the future, and in what way?”
(Lazarus & Folkman 1984, p. 31). During primary appraisal, the event or situation can
be categorised as irrelevant, benign-positive or stressful. An event is appraised as
stressful when it is evaluated as a harm/loss, a threat or a challenge. A harm/loss refers
to some damage that has already been sustained; a threat concerns harms or losses that
have not yet taken place but are anticipated, which is associated with negative emotions
such as fear and anxiety; similar to a threat, a challenge also calls for the mobilisation
of coping efforts, but focuses more on the potential for gain or growth, which is
associated with positive emotions such as eagerness and excitement. As emphasised by
Lazarus and Folkman (1984, pp. 33-34), the relationship between threat and challenge
appraisals can shift as an event unfolds: a situation that is appraised as more threatening
than challenging can come to be appraised as more challenging than threatening
because of the coping efforts that have been exerted, or through the changes in the
environment that alter the troubled person-environment relationship for the better. This
theory thus integrates both the motivational aspects of stress and the varying emotions

that are associated with the experience of stress.



Chapter 3 Theoretical Framework 41

Secondary appraisal concerns the evaluation of what might and can be done in
jeopardy, whether it be a threat or a challenge. A complex evaluative process takes
place during the secondary appraisal, taking into account not only the available coping
resources and options, but also the consequences of applying a particular coping option,
and the potential internal and/or external demands that might be occurring
simultaneously. Moreover, Lazarus and Folkman (1984, p. 35) suggested that
secondary appraisals of coping options and primary appraisals of what is at stake
interact with each other in shaping the degree of stress and the strength and quality (or
content) of the emotional reaction. When there is a mismatch between the situational
demands (e.g., risk, uncertainty and difficulty) and one's resources (e.g., physical
resources, psychological resources and competencies) to cope with it, stress arises, and
different kinds of emotional reaction could be elicited depending on the cognitive
appraisal processes. This leads to an engagement in coping processes.

Cox (1985, 1987) suggests that coping denotes a particular type of stress response
and can be conceived of as a problem-solving behaviour. Coping involves both
cognitive and behavioural strategies, representing “either an adjustment to the situation,
or an adjustment of the situation” (Cox, 1985, p. 1157). Lazarus and Folkman (1984, p.
141) defined coping as “constantly changing cognitive and behavioural efforts to
manage specific external and/or internal demands that are appraised as taxing or
exceeding the resources of the person”. Coping functions in two ways: 1) by managing
or altering the source of the problem which is referred to as problem-focused coping
(Lazarus & Folkman, 1984) or direct action (Lazarus 1966, 1976); 2) by regulating the
emotional response to the problem, which is referred to as emotion-focused coping
(Lazarus & Folkman, 1984) or palliation (Lazarus, 1966, 1976). No matter whether the
coping is successful or not, the events implied by coping will feed back to alter the

individual’s initial appraisal (i.e., making a reappraisal) of the environment.
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Figure 3-2. A flowchart of the transactional theory of stress and coping based on
Lazarus and Folkman (1984) produced by Turner-Cobb and Hawken (2019).
Permissions have been obtained to reproduce; copyright 2019 Cambridge University

Press.

As the problem-focused coping in this framework of transactional theory of stress
essentially refers to the cognitive and behavioural efforts that are devoted to managing
the (task) demands, it converges closely with the construct of effort described in the
VSAT model (Maule & Hockey, 1993), i.e., changing the cognitive state by recruiting
additional resources, which serves as an option of direct control in regulating stress/time
pressure. Thus, problem-focused coping is operationalised as effort in the present study,
which can be measured by different behavioural and psycho-physiological metrics (see
details in Chapter 4).

Overall, the transactional model of stress views the individual and the environment
in a dynamic, mutually reciprocal, bidirectional relationship in which what is a
consequence at the antecedent time point can become a causal variable at the
subsequent time point; this can be caused by the ongoing coping operations associated
with either changing the environment or the individual (Lazarus & Folkman 1984, p.

293). In this way — our appraisals drive our response, our response changes the situation
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or ourselves, and this change itself affects our appraisals — the system is transactional.

3.1.2.3 The relationship between stress and performance

Taking the view of the transactional theory, stress occurs when there is a difficulty in
adapting to the environmental demands. This may naturally imply a negative effect of
stress on performance. When concentrating solely on the relationship between stress
and performance despite the complex contextual factors, the negative linear theory
gained more support with regard to empirical results (e.g., Allen et al., 1982; Friend,
1982; Greer & Castro, 1986; Harris & Berger, 1983; Jamal, 1984; Lagace, 1988;
Westman & Eden, 1991, 1996). A basic premise for this theory is that stress at any level
consumes an individual’s time, energy and attention, taking away resources from the
task; consequently, stress is conceived as adverse to an individual and dysfunctional for
an organisation by its very nature (Jamal, 1985; Muse et al., 2003). Vroom (1964) also
laid the theoretical groundwork for the negative linear theory with two potential
explanations: 1) stress can narrow down an individual’s perception, resulting in
important information and cues being ignored; 2) stress can elicit involuntary
physiological responses that interfere with performance. Thus, an impairment of
performance under stress is predicted.

A positive linear relationship between stress and performance is postulated based
on the belief that stress (or anxiety) is generally equated with challenge, and challenges
are often viewed as occasions for constructive activity and improved performance
(Meglino, 1977, as cited in Jamal, 1985, p. 410). In the transactional model of stress,
challenge, as one type of cognitive appraisal in a stressful situation, is associated with
an investment of effort striving for potential gains or growth accompanied by positive
emotions such as eagerness and excitement. Thus, in the positive linear theory, stress
functions as a motivational drive to promote performance. However, as mentioned,
challenge only represents one facet of the construct of stress in the transactional theory
— other facets of stress such as harms/losses and threats should be taken into
consideration equally in regard to comprehensively assessing the relationship between
stress and performance.

The famous Yerkes-Dodson Law (Yerkes & Dodson, 1908) identifies a curvilinear
relationship between physiological arousal and performance (which is also referred to

as the inverted U theory, see Figure 3-3). Essentially, the law suggests that an increase
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in arousal up to a certain level can help to boost performance, while both under- and
over-arousal impair task performance. Arousal refers to the psychological experience
of energy, mobilisation, activity, tension, alertness or quietness (Russell & Barrett,
1999). The dimension of arousal ranges from deactivation to activation. The moderate
level of arousal with regard to performance in the inverted U-shaped curve is usually
considered as a “good stress” or ‘“eustress” (Selye, 1976). The rationale for this
relationship is that in a moderately aroused state, increased attentiveness activates and
mobilises all cognitive resources which optimally facilitates performance (Westman &
Eden, 1996). In contrast, when the physiological arousal is at a negligible level, the
cognitive resources would be inactive, i.e., in a state associated with boredom and a
lack of motivation, which leads to a deteriorated performance. On the other hand, in an
excessively aroused state, more energy or cognitive resources are needed to manage the
internal strain provoked by the external stressor, or “distress”, which is related to
negative emotions such as anxiety and depression. This can also lead to an impaired
performance because of little investment of effort in the task itself. Therefore, a
moderate level of arousal can cause the individual to be activated and to expend

maximal energy and cognitive resources on the task (ibid., p. 166).

Performance

Arousal

Figure 3-3. The inverted U-shaped arousal-performance relation

Other systematic attempts to uncover the underlying mechanism of the inverted-U
theory include Easterbrook (1959) who suggested that the biphasic form of the arousal-
performance function was mediated by an attentional mechanism, with increases in
arousal reducing the range of cues used. As mentioned earlier, Vroom (1964)
considered the narrowing of attention induced by increased stress as a detrimental force

undermining performance, which serves as one of the accounts for the negative
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relationship of stress and performance. However, Easterbrook’s idea is that initially,
the narrowing of attention elicits a reduction in the processing of task-irrelevant cues,
resulting in an improvement in performance; when the arousal level goes higher, further
perceptual narrowing leads to an increasing neglect of task-relevant information and a
consequent impairment in effectiveness (Easterbrook, 1959, as cited in Maule & Hocky,
1993, p. 90). In this sense, such a mechanism of the narrowing of attention naturally
comes with a filtering function to engender a higher priority of the processing of central
or task-relevant information.

Eysenck (1982) indicated that changes in behaviour consistent with the narrowing
of attention hypothesis occur only on some but not all occasions, so that the narrowing
of attention is an active response under voluntary control instead of a passive and
automatic process: it represents one among a number of ways in which individuals may
adapt to stressors and therefore need not always occur following an increase in arousal.
Frankenhaeuser (1986) thus distinguished two modes of active and passive coping as
states of eustress and distress, respectively. Eustress is a positive responsive state
involving effort and challenge, activation of the sympathetic nervous system and high
levels of effectiveness, but without negative affective responses; distress, by contrast,
is associated with anxiety and helplessness, as well as an increased activity in
biochemical indices of stress such as cortisol (Frankenhaeuser, 1986, as cited in Maule
& Hocky, 1993, p. 91). Integrating these insights, the inverted-U curve can be
interpreted as suggesting that before arousal increases to the optimal level, the
individual exerts active coping, focusing mostly on the task-relevant information to deal
with the environmental demands, leading to an improved performance; but when
arousal exceeds the optimal level, the coping style switches to the passive mode with
more negative emotions generated, leading to impaired performance.

Among the numerous factors that may affect the perspective of the relation
between stress and performance, the dimension of how stress is accounted for should
be taken into consideration. For example, taking the response-based definitions (i.e.,
stress is considered as a response of our body), stress and arousal can hardly be
distinguished. Consequently, the Yerkes-Dodson Law (an arousal/performance
function) can directly denote one possible relation of stress and performance. Within
the transactional paradigm of stress, however, stress as a response to the imbalanced
person-environment relationship must reflect a reaction to the disturbed homeostatic

state (i.e., arousal); hence, this reaction cannot fully coincide with that state (Sanders,
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1983, p. 64). Theoretically, a positive relationship between stress and arousal should be
illuminated first before mapping the concept of stress to arousal in the Yerkes-Dodson
Law. However, stress and arousal are independent constructs which do not always
overlap in theory. The intricate mechanisms linking the energetic mobilisation (arousal)
and stress response have been researched extensively (e.g., Aston-Jones & Cohen, 2005;
Cohenetal., 2004; Hockey, 1993, 1997, 2011, 2013; Kahneman, 1973; Kane & McVay,
2012; Kanfer & Ackerman, 1989; McVay & Kane, 2010; Sanders, 1983; Shallice et al.,
2008; Stuss et al., 1995; Stuss et al., 2005; Unsworth & Robison, 2020), but a closer
scrutiny is beyond the scope of this discussion. Basically, the ubiquitous discrepancy
between stress and arousal may account for the most important intrinsic problem in the
inverted-U theory between stress and performance and for the relatively scarce
empirical support for this theory.

Overall, the above-mentioned theoretical hypotheses provide a primary framework
for empirical investigations of the effect of stress on translation task performance and
offer some valuable grounds that can facilitate our understanding for the observed
phenomena. However, the divergencies which exist among the apparently different
theoretical hypotheses (i.e., the negative linear, positive linear and the inverted-U
theory) imply that the relationship between these two variables could be extremely

complex and may vary across different situations and contexts.

3.2 Cognitive Load Theory (CLT)

The discussions above on both time pressure and stress reveal that cognition is innate
in the process of time pressure/stress functioning on human behaviour and task
performance. Effort, which is related to concepts of workload or cognitive load is a
major variable that can be affected by time pressure/stress during the execution of
cognitively demanding tasks. Cognitive Load Theory (CLT; Ayres & Paas, 2012; Paas,
Tuovinen, et al., 2003; Paas et al.,, 2004; Paas & Sweller, 2012; Paas & Van
Merriénboer, 1994; Sweller et al., 1998; Van Merriéboer & Sweller, 2005, 2010),
which was developed in the context of learning sciences, provides a basic framework
for investigations into the complex cognitive processes involved in learning activities.
This framework aims at improving the effectiveness in instructional design for learning.
Translation is a case of learning in complex cognitive domains (Paas & Van

Merriéboer, 1994), which involves intricate problem-solving and decision-making
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activities during the process and has the goal of achieving a better performance. When
we perceive each translation task as a learning process, all the elements in a translation
task setting, such as the difficulty of the translation materials, time constraints, access
to external documentation resources can be taken as parts of the instructional design for
the learning task. This section introduces CLT as a theoretical foundation for the present
study in understanding the interplay between time pressure and (different) cognitive
loads in translation tasks. The theoretical basics of CLT are presented in 3.2.1, followed
by an illustration of the construct of cognitive load (3.2.2) and the three types of
cognitive load delineated in the theory (3.2.3); the expertise reversal effect based on
CLT isintroduced in 3.2.4 and a delimitation of relevant theoretical concepts associated

with cognitive load is given in 3.2.5.

3.2.1 The theoretical basis of CLT

The theoretical framework of CLT is built upon our current knowledge about human
cognitive architecture which consists of a long-term memory and a working memory
(Paas, Renkl, et al., 2003). All conscious cognitive processing occurs in the working
memory, and it is severely limited in its capacity of information processing (Cowan,
2001, 2014; Miller, 1956). The limits of working memory, however, can be largely
eliminated when it processes familiar information organised in cognitive schemas in
the long-term memory. Schema is a pattern of thought or behaviour that organises
categories of information and the relationships among them (DiMaggio, 1997).
Cognitive schemas can store and organise knowledge by incorporating or chunking
multiple elements of information into a single element with a specific function (Paas,
Renkl, et al. 2003, p. 2). Schemas can develop by incorporating a huge amount of
information, evolve from lower level to higher level and form further complex schemas.
This is the process of schema construction. More skilled performance can be achieved
when a schema is brought from long-term memory to working memory to govern an
activity. Unconscious processing of those schemas, which is called schema automation,
can further free up the capacity of working memory for more knowledgeable learners
when they process previously learnt information stored in long-term memory (Choi et
al., 2014, p. 227). It is by this process that human cognitive architecture handles
complex material that appears to exceed the capacity of working memory (Paas, Renkl,
et al. 2003, p. 2).
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3.2.2 The construct of cognitive load in CLT

In the original model developed by Paas and Van Merriénboer (1994), cognitive load
is a multidimensional construct involving a causal dimension and an assessment
dimension (see Figure 3-4). The causal dimension reflects the interaction between the
task characteristics and the learner characteristics. Specifically, task characteristics
include factors such as task complexity and time constraints; learner-specific
characteristics comprise factors such as expertise level (prior knowledge) and age. Later,
Choi et al. (2014) revised the model by adding a third causal factor, i.e., the physical
learning environment, which can interact with learner characteristics, task
characteristics or a combination of both. The assessment dimension reflects the
measurable concepts of mental load, mental effort and performance. The concept of
mental load in this framework refers to the load which originates from the interaction
of the task and learner characteristics (as well as the physical learning environment
characteristics in the revised model); mental load can be determined by our current
knowledge about these characteristics. Thus, mental load can be considered as an a
priori estimate of cognitive load indicating the expected cognitive capacity demands
(Paas, Tuovinen, et al., 2003, p. 64). Mental effort refers to the amount of cognitive
capacity or resources that are actually allocated to the task demands. As such, mental
effort can be measured while participants are working on the task to reflect the actual
(instantaneous) cognitive load. Paas, Tuovinen, et al. (2003, pp. 64-65) pointed out that
the intensity of effort being expended by learners can be considered the essence to get
a reliable estimate of cognitive load. Performance is a third assessment aspect of
cognitive load that can be referred to as the learner’s achievements, such as number of

errors or output quality.
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Figure 3-4. Dimensions of the construct of cognitive load in CLT proposed by Paas
and Van Merriénboer (1994), reproduced with permissions from the authors;

copyright 1994 Springer.

3.2.3 Three types of cognitive load in CLT

For the purpose of differentiating the invested cognitive resources during learning, CLT
distinguishes three types of cognitive load, i.e., intrinsic, extraneous and germane load.
In the context of optimising the learning process by instructional design, intrinsic
cognitive load is the load that cannot be directly influenced by the way the task is
presented whereas both extraneous and germane cognitive load can be manipulated by
instructional design (Paas, Tuovinen, et al., 2003).

Intrinsic load is determined by the interaction between the nature of the material
being processed in the cognitive task and the expertise of the learners. It is thus
considered that both task complexity and learners’ prior knowledge are important
factors for the assessment of intrinsic cognitive load. Since experts are able to treat
associated elements of information as one based on their existing schemas, they are able
to effectively augment their working memory capacity; novices, by contrast, are not
able to do so due to a lack of schema construction and automation (Artino, 2008;
Klepsch & Seufert, 2020). Therefore, intrinsic cognitive load can only be influenced by
manipulating the complexity of the task material, or by activating the learners’ prior

knowledge and existing schemata.
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Extraneous load, which is also called ineffective load, refers to the extra load
beyond the intrinsic cognitive load (i.e., task irrelevant elements) resulting from the
instructional design of the cognitive task (i.e., the way the task is presented). Task
irrelevant elements which may generate unproductive load include activities such as
“searching for relevant and masking/ignoring the irrelevant information, or the need to
process an unnecessarily high number of elements simultaneously in working memory
because of instructional design factors” (Klepsch & Seufert, 2020, p. 47). As such,
intensive time pressure imposed by task design can be a source of extraneous cognitive
load during task execution because it could cause an unnecessarily high number of
elements being processed simultaneously in working memory. High extraneous
cognitive load therefore negatively affects the acquisition of knowledge or schema
construction and should be reduced.

Germane load, which is also called effective load, refers to the cognitive resources
dedicated to schema acquisition, construction and automation (Paas, Tuovinen, et al.,
2003; Moreno & Park, 2010; Chen et al., 2016). Thus, germane load is a productive
load that is directly devoted to processing task relevant elements. Germane load was
also found to be positively related with motivation; higher intrinsic motivation resulted
in a higher reported ability to devote cognitive resources to learning (Klepsch & Seufert,
2020, p. 49). Therefore, germane load is associated with the effective activation of the
learner’s cognitive resources to help with schema construction and automation, which
fosters learning.

A basic principle in CLT is that these three types of cognitive load are additive and
the overall cognitive load (i.e., the sum of the three types of cognitive load) should stay
within the working memory limits (Paas, Tuovinen, et al., 2003). Therefore, an increase
of each individual type of cognitive load can contribute to the increase of the overall
cognitive load. It is assumed that the level of extraneous load has a negative relation
with learning outcome while the level of germane load exerted during the process has
a positive relation with learning outcome. Since extraneous load is reducible and
germane load is increasable by instructional design, extraneous load should be
minimised to free up working memory capacity while germane load should be

maximised to boost task performance.

3.2.4 Expertise reversal effect
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The central goal of instructional design for complex cognitive tasks is to facilitate
schema construction and automation. However, such a goal can be severely hindered
by the limitations of working memory. Since novel information must be processed by
working memory when it is presented to an individual, proper allocation of available
cognitive resources to effectively utilise the limited capacity of working memory is
essential. This means that if the limited resources are spent on activities that are not
directly related to schema construction and automation (e.g., with high extraneous load),
learning could be inhibited (Kalyuga et al., 2003, p. 24). By contrast, information can
be processed more efficiently by enabling the use of schemas stored in long-term
memory through which the limitations of working memory can be considerably reduced.
Correspondingly, it is assumed in CLT that the limited capacity of working memory
becomes effectively unlimited when dealing with familiar material previously stored in
an immense long-term memory holding many schemas that vary in their degree of
automation (Paas et al., 2004, p. 2). This underlines the difference in information
processing manners between individuals who are equipped with the domain-specific
schemas (experts) and those who are not (novices). The ability of automatic processing
of schemas mastered by experts which requires minimal working memory resources
allows problem-solving activities to proceed with minimal effort (Kalyuga et al., 2003,
p. 25). Thus, it is clear that increasing one’s level of expertise in a domain is a major
means of reducing working memory load.

While experts can effectively reduce the burden on the limited capacity of working
memory by enabling the acquired schemas held in long-term memory, novices, or
inexperienced individuals, may experience high working memory load due to the lack
of such sophisticated schemas in their long-term memory. However, the instructional
procedures of a task can act as a substitute for such missing schemas and, if effective,
act as a means of constructing schemas by reducing the extraneous load and increasing
the germane load (ibid., p. 25). In spite of the constructive effects of such kinds of
instructional procedures designed for assisting schema construction for novices, they
may not be needed by experts whose schemas have already provided full guidance for
task processing. If experts are unable to avoid attending to the information provided by
the additional instructional procedures, there will be an overlap between the schema-
based and the redundant instruction-based components of guidance; processing such
redundant components will require additional working memory resources and might

cause a cognitive overload (ibid., p. 25). As a result, instructional procedures, which
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may be essential for novices to reduce extraneous load and increase germane load, may
have negative consequences for experts leading to higher extraneous load. This is

referred to as the expertise reversal effect.

3.2.5 Cognitive or mental? Load or effort?

Since concepts such as cognitive load, mental load, cognitive effort and mental effort
have appeared extensively and variedly in several overlapping research domains, it is
necessary to distinguish them and clarify their usage in the current study. It should be
noted that overall, they are psychological constructs that help make sense of human
performance including learning and other cognitive processes. Broadly speaking,
cognitive load (in the psychology of learning) refers to the load experienced by working
memory when humans engage in a variety of cognitively intensive tasks (Chen et al.
2016, p. 34). As shown in the framework of CLT, the construct of cognitive load
represents the load imposed on the learner’s cognitive system when performing a
particular task. This term in the CLT framework is an overarching and more abstract
construct that can be assessed from different and more concrete aspects, i.e., mental
load, mental effort and performance.

Mental load, or mental workload, originally referred to the difference between task
demands and the person’s ability to master these demands (Moray, 1979). In this sense,
the core of mental load is the perceived difficulty level of a task. Later, the construct of
mental load was expanded to the extent that some psychological factors, such as
demand expectations, the actual effort expended during performance and the perceived
adequacy of performance, are taken into consideration; in other words, an individual’s
motivation, willingness or perceived relevance of the task to the individual’s personal
goals have become important aspects in estimating mental load (Moreno & Park, 2010,
p. 10). Thus, mental load can be seen as a psychological experience resulting from the
interaction between subjective individual characteristics and objective task and
environment characteristics (Campbell, 1988; Kantowitz, 1987; Wood, 1986). The
concept of mental load in CLT, however, focuses more on the objective characteristics
of the task, environment and learners (e.g., age and prior knowledge). The subjective
characteristics of learners, such as motivation, are reflected more in the concept of
mental effort in CLT. As emphasised by Paas, Tuovinen, et al. (2003, p. 65),

instructional manipulations to change the mental load will only be effective if people
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are motivated and actually invest mental effort in them. Thus, mental effort, which
refers to the amounts of resources being allocated to the task, is considered the essence
to achieve a reliable estimate of cognitive load (ibid., pp. 64-65).

The use of the term cognitive effort in translation process research is gaining
increasing popularity especially in recent years. This use may be traced back to Giles’
(1995) influential effort models for interpreting which was later applied into written
translation research (e.g., Dragsted, 2010). Also, Krings (2001, p. 179) adopted the idea
of (different types of) effort required in post-editing process and defines cognitive effort
as a concept that “involves the type and extent of [the] cognitive processes that must be
activated in order to remedy a given deficiency in a machine translation”. Studies
related to post-editing thus adopted this concept as well (e.g., Vieira, 2015). Westbrook
and Braver (2015, p. 397) indicated that the psychological construct of cognitive effort
bears the motivational quality and volitional nature, concentrating on “decisions about
whether to engage, and also about the intensity of engagement”. This nature is similar
to the construct of mental effort described in CLT. In the context of translation process
research, cognitive effort generally refers to “the mental effort involved in reading the
texts, thinking about how to translate and how to correct mistranslations, selecting the
desired product, and reflecting on the chosen solutions” (Lacruz, 2017, p. 386). This
definition comes with more contextual features associated with the activity of
translation.

As mentioned in section 3.1.2.2, the term effort is used as the operationalised
construct of problem-based coping in the transactional theory of stress (Lazarus &
Folkman, 1984). Meanwhile, effort also corresponds to the active regulatory activity
which involves changing the cognitive state by recruiting additional resources in the
control model of stress regulation (Maule & Hockey, 1993): effort refers to such
resources that are recruited to respond to the state of disequilibrium in a stressful
condition.

Within the framework of CLT, the construct of (overall) cognitive load refers to
the sum of intrinsic, extraneous and germane load. Since one of the measurable
concepts of (overall) cognitive load is mental effort, which is the amount of cognitive
capacity or resources that are actually allocated to the task demands, (overall) cognitive
load thus appears to converge closely to effort (referring to problem-based coping and
active regulatory activity) as well. However, (overall) cognitive load (when measured
by mental effort) is distinguished from effort in the sense that (overall) cognitive load
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encompasses certain correlational relationships with its components (e.g., it is the sum
of the three types of cognitive loads; extraneous load being inversely related with
performance; germane load being positively related with performance) in CLT, whilst
effort does not necessarily have such attributes. This distinction is made for the purpose
of filtering the measures of (overall) cognitive load from a larger pool of effort
measures by utilizing the internal relationships of different cognitive loads with
performance. A detailed illustration of this methodological application of CLT is
presented in Chapter 4. In summary, effort is used in discussions detached from the
CLT framework, whereas (overall) cognitive load (rather than mental effort, to avoid

confusion) is used in discussions within the CLT framework in the present study.

3.3 Automaticity and cognitive rhythm

Automaticity is the ability to perform a task with little or no central cognitive control
(Anderson, 2009, p. 86). Skill acquisition or development of expertise is usually closely
related with one’s degree of automaticity: complex skills gradually evolve towards the
direction of becoming more automated and requiring fewer processing resources.
Central to automaticity is repetitive practice, and the general effect of practice is to
reduce the central cognitive component of information processing (ibid., p. 85). When
the central cognitive component of a task has been practised so much that the task
requires little or no conscious thought, doing the task becomes automatic. Automaticity
has gained attention in translation research in recent years because of its relevance to
the acquisition of translation competence or expertise (e.g., J&&kel&anen & Tirkkonen-
Condit, 1991; Dragsted, 2004; Campbell & Wakim, 2007; Hvelplund, 2011, 2016;
Deckert, 2017). Cognitive rhythm describes various temporal features associated with
the distribution pattern of different types of events at both the macro-level and micro-
level during the production process of translation. With a temporal nature, cognitive
rhythm could be an important aspect that is easily influenced by time pressure in
translation. This section examines the formal criteria of automaticity in section 3.3.1
and introduces the automaticity theory on reading proposed by Samuels (2006, 2013)
in section 3.3.2, which could foster our understanding of automaticity in translation;
the theoretical scopes of cognitive rhythm in translation research are presented in

section 3.3.3.
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3.3.1 Criteria of automaticity

Logan (1997) delineated five criteria (i.e., speed, effortlessness, autonomy,
unconsciousness, co-occurrence of properties) of automaticity by thoroughly reviewing
the relevant literature. These criteria can serve as the basis for distinguishing automatic
processing from non-automatic (e.g., controlled, effortful or strategic) processing.
Firstly, automatic processing is fast, and an increase in speed is a characteristic of the
development of automaticity. Although it is difficult to defend an absolute criterion for
speed in order to be considered automatic, it is clear that performance gets faster with
practice; thus, the speed criterion is relative. An example given by Logan (1997) is that
high-frequency words, which are more practised, are read more rapidly than low-
frequency words (Seidenberg & McClelland, 1989). In translation research, De Rooze
(2003) also emphasised high processing speed as an important characteristic of
automaticity level especially under time pressure, and it deserves more attention in the
training of translation students to improve their competence. Processing speed can be
relatively conveniently measured in different cognitive activities using basic techniques
(e.g., calculating the reading/writing/translating speed in relevant activities and tracking
the reaction time in perception and response related activities).

Secondly, automatic processing is effortless. Logan (1997, p. 125) suggested that
the effortless property of automatic processing reflects first as a sense of ease and
second as the ability to do another task while performing an automatic one; thus, if two
tasks are done simultaneously without interference, at least one of them is automatic.
In a translation activity, this property of automaticity reflects, similarly, firstly a sense
of ease in processing, and secondly the ability of parallel processing, which has been
suggested as an explanation of why skilled translators can produce translation faster
and better than novice translators (J&&kel&anen & Tirkkonen-Condit, 1991; Hvelplund,
2011). Parallel processing occurs in translation when some subprocesses (e.g., reading
and typing) overlap, whereas sequential processing characterises the type of processing
when those subprocesses take place in sequence and do not overlap (Balling et al.,
2014). Thus, two aspects in translation activities can be examined in terms of the
property of effortlessness in automaticity: the sense of ease in processing and the degree
of parallel processing.

The third criterion for automatic processing is autonomy. This means that an

automatic process begins and runs on to completion without intention, and once the
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automatic process runs, to stop it would require additional inhibition efforts. This
property of automaticity can be seen in the classic Stroop effect: the automatic process
of reading takes precedence over colour naming, which is more cognitively demanding.
Hvelplund (2011, 2016) indicates that at least two subprocesses in a translation activity
can be automated, namely reading and typing, and while reading and typing rely on
intentional initiation, the continuation of these activities can occur automatically. This
may signal the autonomy property of automaticity in the translation process, which
could, to some extent, be reflected in the translator’s translation processing speed as
well.

The fourth criterion mentioned by Logan (1997) is that automatic processing is not
available to consciousness. Automatic processes such as semantic priming are
unconscious in that they can occur without the subject being aware of the stimulus that
produced them. But this property remains controversial both theoretically and
empirically (see Logan, 1997 for more details). Lastly, automatic processes should
share all the properties associated with automaticity (i.e., they should be fast, effortless,
autonomous and unconscious). However, there are cases of violations and exceptions
of this property (e.g., Regan, 1981). Logan (1997, p.128) suggested that automaticity
can be viewed as a continuum rather than a dichotomy; in this case, one can expect the
co-occurrence of properties at the beginning and the end of the continuum but not in
the middle because different properties may change or evolve at different rates. That is,
if autonomy develops before effortlessness, then it may be easy to find cases of effortful
autonomous processes. Thus, the emphasis should be shifted from defining
automaticity in terms of the co-occurrence of properties to investigating the practice
effects and the acquisition of automaticity.

In the area of language processing, Segalowitz and Hulstijn (2005) suggested that
automaticity is characterised as rapidity, effortlessness, unconsciousness and of a
ballistic (unstoppable) nature, but they do not necessarily have to bundle together.
Apparently, most of these properties are overlapped with those proposed by Logan
(1997); however, the divergence appears at the last property, i.e., whether the properties
of automaticity should be treated as a unitary construct. Segalowitz and Hulstijn (2005)

argued that:

It would be an error, therefore, to assume without first doing the requisite empirical

research that extensive practice leading to expertise will unfailingly result in
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performance that has all the characteristics typically associated with automaticity. (p.
372)

Therefore, the property of co-occurrence of all the properties associated with
automaticity remains controversial and is lacking a base in reality. Based on these
theoretical accounts for the properties of automaticity, the current study will focus
mainly on the measurable aspects or properties of automaticity in the translation process,
including processing speed and effortlessness (from the perspectives of the ease of
processing and parallel processing degree). The operationalisation of these aspects is
introduced in Chapter 4 in detail.

3.3.2 Automaticity and the role of attention

Automaticity is a ubiquitous construct in reading research, which has been associated
closely with how attention is allocated to complete a reading task. Basically, three
components are considered essential in the reading process according to Samuels (2002,
2006, 2013):

1) Decoding, which is the ability to pronounce the printed words, or to translate
the printed words into spoken words, though the “spoken words” are not
necessarily uttered aloud.

2) Comprehension, which is a process in which meaning is constructed using
information from the printed words and the knowledge stored in the head of the
reader as the building materials, much as individual bricks are combined in the

construction of a house.

3) Attention, which is the cognitive energy or capacity required for mental

processing tasks such as decoding and comprehending, but is limited in quantity.

It is assumed in the theory that getting meaning from printed words involves a two-
step process: first, the printed words must be decoded; second, the decoded words must
be comprehended. Whereas one may go from print to the meanings of individual words
automatically, the acts of integrating, relating and combining these meanings in the
unique ways demanded by sentences are required for comprehension (Samuels, 2013,
p. 702).
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As beginners or disfluent readers are not automatic in decoding (word recognition),
they have to devote significant portions of their finite cognitive resources to that task
with less left for comprehension; thus, the dual tasks of decoding and comprehension
may exceed their attention capacity. This could lead to the situation that they overload
or overextend their cognitive capacity to attend to the meaning of what they are reading
so that the comprehension task is not getting done. Since the end product of reading is
comprehension, the beginning reader is faced with a formidable problem (ibid., p. 702).
As shown in Figure 3-5, they put their attention on the decoding task first and then
switch attention to comprehension to understand what they have decoded. Thus,
although the beginning reader is able to comprehend by switching attention back and
forth in this way, the process is slow, laborious and frustrating.

Fluent or more experienced readers, on the other hand, are able to automatically
decode the words which frees up their cognitive resources and enables them to attend
to and comprehend what they are reading (Figure 3-5). As mentioned in the previous
section, automaticity has an effortless property: if two tasks can be performed
simultaneously, at least one of them is being done automatically. The reading process

of fluent readers is a clear manifestation of this property.

A. Beginning Reading

Decode

A

Switch Attention

Comprehend

In beginning reading, attention is switched alternately from decoding to comprehension. Only one
task can be done at a time.

B. Fluent Reading

Decode
(Automatic)

Attention
Comprehend

In fluent reading, decoding is done automatically and attention remains on comprehension. Both
tasks get done at the same time.

Figure 3-5. A model of attention and automaticity in reading proposed by Samuels
(2013), reproduced with permissions from the author; copyright 2013 International

Reading Association.
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In translation activities, effort or attentional resource is generally considered to be
distributed to reading, writing or coordination (cf. effort model in Gile, 1995). Although
coordination efforts are required for task switching and language switching (Whyatt et
al., 2016), such efforts or attentional resources are distributed, essentially, to either the
ST or the TT when considering the virtual location of these resources. In other words,
it could be difficult to tell whether a certain amount of attention allocated to the ST is
for comprehension or for coordination; the same case also applies to the TT. Thus, from
the perspective of attention allocation, the current discussion takes the subprocesses of
reading comprehension and text production in translation as dual tasks that resemble
the two-step process of decoding and comprehension in a reading activity. Meanwhile,
the resources devoted to reading comprehension and text production in translation also
incorporate the coordination effort.

Whereas the end product of reading is comprehension, the end product of
translation is the typed-out target text. For a reading activity, the first step of decoding
serves as the basis for comprehension; similarly, for a translation activity, reading
comprehension (in the two-step process of translation) serves as the basis for text
production. Thus, in theory, if the reading comprehension step is automated sufficiently
(i.e., requiring considerably less attention resources) during the translation process, then
more attention resources could be devoted to the final step of the activity, i.e., text
production. This constitutes one of the hypotheses about automaticity regarding the
attention allocation pattern in the present study, i.e., a more automated translation
process would feature a lower proportion of attention on ST comprehension and
correspondingly, a higher proportion of attention on TT production. Thus, together with
the other three properties of automaticity mentioned earlier, automaticity in translation
is examined in the current study from four perspectives: speed, effortlessness (the ease
of processing), parallel processing degree and attention allocation to reading

comprehension/text production.

3.3.3 Cognitive rhythm

Rhythm, which can be considered as an organising principle that structures events, is
omnipresent in human activities, especially in language and speech (Magne et al., 2005).
Broadly speaking, the way translators allocate their attention and coordinate various

tasks manifested in their processing patterns can be delineated as cognitive rhythm
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(Whyatt et al., 2016, p. 184). At the macro-level, cognitive rhythm in translation
includes the amount of time allocated to various phases (e.g., orientation, drafting and
revision phases defined in Jakobsen, 2002), or various subprocesses such as reading,
writing and searching for information; at the micro-level, it can be linked to text typing
and pausing behaviours (ibid., p. 184). Notions such as segmentation (Jakobsen, 2003),
production units (Carl & Dragsted, 2012), or translation units (Buchweitz & Alves,
2006) are often closely related to cognitive rhythm at the micro-level. Such notions
normally refer to flows of successive text typing of varying size which are flanked by
predefined pauses. To this end, cognitive rhythm in translation concerns the aspect of
the “bursts of creativity in between pauses” (Saldanha & O’Brien, 2014, p. 112), or the
alternating phases of pausing/production (Schilperoord, 1996, p. 5). One of the
underpinnings behind such an idea is that translation is envisioned as a process where
problem-solving (e.g., long pauses) and the uneventful or unmarked processing (typing
flow) are clearly distinguished (Mufbz Martn & Mart n de Leon, 2018).

Both the idea of dividing the translation process into different clear-cut stages (i.e.,
an aspect of cognitive rhythm at the macro-level) and the idea of taking the translation
process as an orderly picture comprising of sharply different default procedures and
problem-solving activities (i.e., an aspect of cognitive rhythm at the micro-level) have
received criticism in several ways (e.g., Carl et al., 2011; Mufoz Martmn, 2014; Mufpz
Martm & Mart i de Leon, 2018). Nevertheless, such features of text production, either
at the macro- or micro-level, may yield recursive patterns of translation that are worth
exploring. Drawing upon arguments that cognitive activities change with the unfolding
interaction of the translator with the text and the environment, Mufbz Marth and
Martm de Leon (2018, p. 45) adopted a novel approach for determining the pause
thresholds individually and found “an uneven continuum of intermittent, alternating
subtasks, rather than a binary automaton switching between two processing modes”. To
this end, it would be of interest to gauge to what extent cognitive rhythm or the tempo
translators structure and organise different subprocesses during translation can be
regulated by constraints of time and their experience level. The present study adopts a
similar methodology based on Mufbz Martm and Martmn de Leon’s (2018) work in
regard to pausing and segmentation in text production and the details about the methods
are presented in section 4.2.3.1.

In writing research, Bereiter and Scardamalia (1987) proposed two models of
composing, namely the Knowledge Transforming and Knowledge Telling models. The
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Knowledge Transforming strategy features a more problematic or effortful process of
writing with which the writer needs to constantly reprocess and transform existing
knowledge in order to solve novel problems (ibid., p. 11). In contrast, the Knowledge
Telling strategy makes writing a natural and unproblematic task with which the writer
makes “maximum use of existing cognitive structures and minimize the extent of novel
problems that must be solved” (ibid., p. 5). These two models thus exhibit two different
processing modes in terms of cognitive rhythm. Schilperoord (1996) verified several
properties that could characterise the Knowledge Telling model in writing process, such
as the lack of a correlation between start-up times and text length/production time, rare
online revisions, linear production and stable pause/production ratio. Basically,
processing with the Knowledge Telling strategy is likely to proceed with a more steady
and fixed rhythm, producing the text linearly and with rare online revisions, while
processing with the Knowledge Transforming strategy could feature the opposite of
such properties. As mentioned in section 2.1.2.5, Jensen (2000) applied these two
models to examine the processing styles of translation displayed by different groups of
translators. Such models could be useful in explaining the observed phenomena

regarding how time pressure affects cognitive rhythm in translation process.

3.4 Summary

This chapter establishes a theoretical framework for the present study by examining
and illustrating relevant theoretical models and concepts, firstly, on time pressure, stress,
coping and performance, secondly, on the framework of Cognitive Load Theory
developed in learning sciences, and thirdly, on the constructs of automaticity and
cognitive rhythm. The perceptual nature of time pressure implies its cognitive relevance
for its origin: it is usually the perception of shortage of time that makes the difference
in behaviours and performance. Typically, time pressure affects the patterns of
cognitive strategy selection in decision making tasks, and approaches to studying such
strategy change have been investigated at a macro-level, a micro-level and in a
combination of the macro- and micro- levels. A control model of stress regulation
proposed by Maule and Hockey (1993) is an approach integrating the macro- and
micro-level cognitive strategy selection patterns. The use of a direct control by
changing the cognitive state which involves increased effort in this model is of

particular interest when looking into the time pressure effects in translation activities.
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Time pressure is a form of stress, and the transactional theory of stress (Lazarus,
1966, 1976; Lazarus & Folkman, 1984) provides an interactional approach to
understanding and studying stress. Stress is considered as a product of the transactional
system comprising two critical processes, i.e., cognitive appraisal and coping, that
mediate the person-environment relationship. Cognitive appraisals determine whether
a situation is stressful or not and (emotion-focused and problem-focused) coping is
concerned with the way in which an individual responds to it. The problem-focused
coping in the transactional model, like the direct control of stress by investing more
cognitive resources in the control model of stress regulation, represents a more active
means of dealing with the adverse stressful environment. The construct of effort is thus
used to describe such a way of responding to the demands in a time-pressured or
stressed environment. Hypotheses about the effect of stress on task performance have
differed. The positive, negative and the inverted-U shape theories are proposed and are
backed up by different theoretical accounts. This implies that the relationship between
stress and performance could be extremely complex and may vary across different
situations and contexts.

Cognitive Load Theory is built upon the human cognitive architecture which
consists of long-term memory and working memory. Working memory limitations
profoundly influence the character of human information processing and, to a
considerable extent, shape human cognitive architecture (Sweller, 2003). Three types
of cognitive load are distinguished in CLT, namely intrinsic, extraneous and germane
load. Given the limitation of processing capacity, central to instructional design for
effective learning is to reduce the (ineffective and task-irrelevant) extraneous load and
increase the (effective and task-relevant) germane load in a task. While certain
instructional procedures can effectively lower the extraneous load and facilitate schema
construction for novices, they can burden the processing capacity of experts, since the
schemas have already been stored in the experts’ long-term memory and there will be
an overlap between the schema-based and the redundant instruction-based components
of guidance. Processing such redundant components will require additional working
memory resources and might cause a cognitive overload. Thus, the same instructional
procedure may have different effects on novices and experts.

Complex skills gradually evolve towards the direction of becoming more
automated and requiring fewer processing resources. Typical properties or criteria of
automaticity in cognitive activities include high speed, effortlessness, autonomy and
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unconsciousness. However, these properties may not always be bundled together in
reality. Automaticity can inevitably modulate attention, which has been researched
extensively in reading activities. Generally, beginners have to switch attention between
decoding and comprehension in sequence, so that considerable resources are spent on
the decoding process leading to insufficient resources left for comprehension; by
contrast, the decoding process is automated for fluent readers and thus the majority of
their attention focuses on comprehension which is the final product of reading. This
pattern of attention allocation regulated by automaticity may be applied to translation,
a similar two-step process which involves reading comprehension and text production.
It is hypothesised that generally, higher automaticity level in translation could lead to
less attention devoted to comprehension leaving more attention to text production
which is the final product of a translation activity.

Core to the notion of cognitive rhythm in translation, either at the macro- or micro-
level, are the temporal features that are related to the production process. The
distribution of cognitive activities during translation could be the result of the interplay
between the translator, text and the environment, and may be more varied and complex
than a binary model of alternating phases of pausing/production. Thus, the effects of
time pressure and experience on cognitive rhythm at different levels and from various
aspects are worth investigating. In addition, models such as Knowledge Telling and
Knowledge Transforming in writing process could provide more theoretical insights

into the observed behaviours in translation.
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This chapter presents three aspects of the research methodology, namely, the
manipulation of time pressure, the measurement of time pressure, effort/cognitive load
and translation behaviours, and the assessment of translation quality. Since time
pressure bears a perceptual nature, the manipulation of time pressure in the experiment
must concern both objective time constraints and a subjective appraisal of time shortage.
These strategies are presented in section 4.1. A range of subjective, physiological,
behavioural and analytical methods are employed for measuring time pressure and
effort/cognitive load as well as translation behaviours, which are illustrated in section
4.2. These measures include two self-report instruments, several physiological indices,
a variety of eye tracking and keystroke logging metrics and the application of CLT as
an analytical tool for estimating cognitive load. Section 4.1 and part of section 4.2 are
based on a preliminary work (Weng & Zheng, 2020) from the present study. In addition,
two translation quality assessment systems, the Multidimensional Quality Metrics
(MQM, Lommel et al., 2013) and the Functional-Componential Evaluation (FCE,
Colina, 2008, 2009), used in the present study are demonstrated in section 4.3. Finally,
section 4.4 summarises the whole chapter.

4.1 Manipulation of time pressure

To investigate the effect of time pressure on human behaviour or task performance,
researchers first need to ensure the existence of time pressure. This makes the
experimental manipulation of time pressure inducement necessary. Only by properly
manipulating time pressure can researchers be reasonably assured that the observed
changes in task performance are indeed related to the variation of time pressure. The
notion of time pressure involves not only the objective time constraints, but also “the
feeling of time pressure, where individuals perceive the time available to them to be
insufficient” (Rattat et al., 2018, p. 81). So, it is necessary to differentiate between the
actual (objective) and the perceived (subjective) time availability because they all affect
the degree of time pressure.

This distinction between the two origins of time pressure underlies the availability
of manipulating both the objective time constraint and the subjective time perception
to induce or intensify time pressure in an experiment. As mentioned earlier, Zakay
(1993, p. 66) pointed out that time pressure occurs at the prospective paradigm of time

perception when participants are “aware of and occupied with the passage of time”.
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Therefore, in studies with deadlines investigating time pressure effects on task
performance, the attentional resources are allocated to task processing and monitoring
the passing of time simultaneously. If more resources are devoted to monitoring the
passing of time, less attention is left for performing the task, since the attentional
resources are limited. Time pressure can therefore be induced by constraining the
timeframe, increasing the task demand or intensifying the participants’ perception of

time pressure by, for example, enhancing their awareness of the passing of time.

4.1.1 Categorisation of time pressure inducement strategies

Rend-Védez et al. (2016) provided a summary of strategies that researchers had used
to induce time pressure in general laboratory settings. Their work shows that time
pressure can be induced by controlling the amount of time available and the participants’
motivation. The amount of time available can be manipulated objectively (by
implementing a fixed or an individual/adaptive time constraint) and subjectively (by
simply giving instructions such as “you must work quickly”). Motivation can be
manipulated by designing tasks that engage the participants psychologically and
stimulate their performance. These can be realised, for instance, by creating a gaming
or competition situation, or implementing external cues such as a visual/audio feedback
in the task.

A slightly different categorisation of these strategies is proposed based on the
rationales of time pressure inducement. Time pressure occurs when there is an
imbalance between the task demand and the amount of time required. Thus, time
pressure can be induced by increasing the actual/perceived task demand, by reducing
the actual/perceived time available, or by improving the participants’ awareness of time
passing, which is also a way of increasing the perceived total task demand by its very
nature. Table 4-1 below illustrates the relationship between these dimensions and lists

the corresponding strategies of time pressure inducement.
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Table 4-1. Strategies of time pressure inducement

Obijective Strategies Subjective Strategies

Time availability | Deadlines: shorten the time Instruction: reduce the perceived
available time availability

Task demand 1 Increase the complexity of the Motivation and Visualisation:
actual task increase the perceived task demand

Firstly, time availability can be reduced to elicit time pressure when the task
complexity is consistent; conversely, when time availability is consistent, task
complexity can be increased to intensify time pressure. These two strategies belong to
the objective manipulation of time pressure. Secondly, to reduce the perceived time
availability, researchers can simply inform the participants in the pre-task Instruction
that the time given for the task is shorter than is normally required. Thirdly, one way to
increase the perceived task demand is to motivate the participants as much as possible
(e.g., providing incentives or making it a competition); the other way is to insert
visual/audio feedback during the task, which can effectively improve the participants’
awareness of the passing of time by constantly reminding them how much time is left.
The present study adopts the objective strategy of imposing deadlines and subjective
strategies of giving deliberately designed instructions, scoring the translation products
to motivate the participants (motivation) and inserting a visible stopwatch/timer as a
visual feedback (visualisation) in the task. The following sections illustrate the details
of how to operationalise each of these aspects.

4.1.2 Objective strategies

As shown in Table 4-1, in theory, the two objective manipulation strategies are to either
shorten the timeframe or render the task more complex. However, increasing the
complexity of a task seems to shift the focus of the study to another variable — task
complexity — rather than remaining on time pressure. In practice, complicating a task is
not as feasible as imposing a tight deadline on a given task for the study of time pressure
effects. Therefore, this study adopts the objective strategy of imposing a deadline to
induce time pressure. Although it seems self-evident that constraining the timeframe
for a task straightforwardly triggers time pressure, there are difficulties in establishing
how much time to constrain in order to observe the effects of time pressure on task

performance. Bayer-Hohenwarter (2009) identified two types of deadlines that have
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been applied in previous empirical translation research, i.e., the fixed and
individual/adaptive deadlines. Most of the previous translation research on time
pressure (e.g., Jensen, 2000; De Rooze, 2003; Kourouni, 2012) employed a fixed
deadline to induce time pressure in the experiment. They would identify an appropriate
time interval from a pre-test or a pilot study and then assume that a reasonable fraction
of that time interval would naturally impose time pressure on the participants. Below is

an example taken from Jensen (2000):

Two professional translators took part in the pilot studies and | subsequently assumed
that non-professional translators, who have no training or routine in translation, would
need more time than professionals. The texts averaged about 120 words in length, and
30 minutes was chosen as a time interval that would be sufficient time for both groups.
Similarly, it was expected that all informants would feel pressed for time when it was
reduced to 10 minutes. (p. 81)

Another method used in some studies is the individual deadline, which means that
the deadlines applied to each participant are individualised in line with their own
translating speed. An example from Hansen (2006b) illustrates this:

The students were asked to translate texts of different degrees of difficulty using
Translog at home under normal working conditions. Using the log files of these
translations, I could register the period of time they had used for translation of 10 lines
when not using dictionaries or the Internet. Based on that information, | calculated their
average translating speed. My pilot experiments had shown that they needed some time
for orientation — which | gave them in relation to the number of lines they had to
translate. (p. 73)

Translation scholars (e.g., Bayer-Hohenwarter, 2009; Hansen, 2006b) argue that
individual deadline is preferred in empirical translation research because it takes
individual difference, the individual’s translating speed, into account. The time
pressure effects would in principle be captured at a higher level of efficacy by this
method. In practice, however, it is only possible to test a participant’s translating speed
for a specific text, and this speed is not necessarily representative for the overall
translating speed of the same person at all times. In this respect, an individual’s
translating speed in a pre-test can only represent their speed for that specific task;
determining the timeframe for the subsequent experimental task based on this pre-tested
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translating speed may not fully guarantee the inducement of time pressure as well,
because the text has to be changed in the experimental task. Consequently, so far as
inducing time pressure is concerned, the individual deadline may not necessarily
function better than a fixed deadline.

Considering these factors, the present study adopted a fixed deadline as an
objective strategy together with three subjective strategies (detailed in the following
section) to induce time pressure for the time constrained tasks. The deadlines (for the
highly and moderately time-constrained tasks) were determined as quartile one and the
average of a dataset obtained from a pre-test. More details of the deadlines and the pre-

test are presented in section 5.3.

4.1.3 Subjective strategies

As shown in Table 4-1, three supplementary strategies — instruction, motivation and
visualisation — that could help elicit time pressure by decreasing the perceived time
availability or by increasing the perceived task demand are identified and applied in the
present study.

Instruction refers to the deliberately designed pre-task guidance which can make
the participants feel pressured by decreasing the perceived time availability. An
extreme instance of such a manipulation is presented in De Dreu (2003), a study that
focused on the effect of time pressure on negotiation performance, in which instruction

turned out to be a successful manipulation:

Participants in both experiments were given the same amount of time for the
negotiation, regardless of experimental conditions. However, in the high time pressure
conditions, participants were led to believe that this amount of time was relatively tight,
while those in the low time pressure conditions were led to believe that this same

amount of time was more than enough to reach agreement. (p. 282)

As mentioned before, different deadlines were employed in the present study as an
objective manipulation strategy to induce time pressure. In addition, an instruction to
intensify time pressure was designed (see Appendix 4) to make the participants aware
that for the Short session, the time available to complete the task is less than is normally

required and for the Standard session, the time given is the average time interval that is
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normally needed. This could possibly reduce the perceived time availability to the
participants to complete the task especially in the Short task session.

Motivation refers to the strategy that can stimulate the participants to be more
psychologically engaged in a task. This can consequently increase the perceived task
demand within a certain timeframe. Examples in behavioural studies using this strategy
for time pressure manipulation are Young et al. (2012) and Brown and Miller (2000),
both of whom informed the participants that their rewards (money and a raffle prize)
would depend on the quality of their task performance (i.e., decision-making). In the
present study, the participants were informed that their translation product would be
assessed and marked by an expert after the experiment, and they would receive their
feedback later based on their performance. This would to some extent increase their
level of engagement, as well as the perceived task demand.

Visualisation refers to external visual feedback, namely, the numeric displays of
time or progress bars that visually represent the amount of time that has elapsed. The
underlying mechanism, as mentioned earlier, is that attempting to monitor the passing
of time consumes the limited attentional resources and increases the total task demand.
This strategy is well illustrated in Maule et al. (2000) and Furlan et al. (2016) in which
a countdown was displayed to remind the participants of the time left for the decision-
making or problem-solving tasks. In the present study, the passing of time was
visualised by a countdown timer with a progress bar presented at the bottom of the
screen (see Appendix 8). In doing so, the participants were expected to pay more
attention to monitoring the passing of time. As a result, time pressure would be
intensified.

In summary, the means of time pressure inducement by experimental manipulation
are expanded from the mere imposition of time constraints to strategies that can
subjectively enhance an individual’s perception of time pressure. By applying both the
objective and subjective strategies, time pressure could be optimally induced in the

experiment.

4.2 Measuring time pressure, effort/cognitive load and translation behaviours

The approaches to measuring time pressure are identified based mainly on the
physiological and psychological responses to stress. The response-based definition of

stress implies a biological approach to studying stress. The sensitivity of some
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biomarkers to the activation of the sympathetic nervous system justifies their use as
physiological indicators of stress or time pressure. In addition, self-report
questionnaires and psychometric instruments constitute a straightforward approach to
acquiring individuals’ subjective feelings about time pressure.

Following the accounts about effort/cognitive load assessment put forward in Paas
& Van Merriéboer (1994), Paas, Tuovinen, et al. (2003) and Seeber (2013), the present
study employed subjective, physiological, behavioural and analytical methods to assess
the effort/cognitive load in translation tasks. As mentioned in section 3.2.5, although
the construct of effort in the present study (corresponding to problem-based coping and
the direct control of stress by recruiting more resources, i.e., changing the cognitive
state) converges closely to the construct of overall cognitive load in CLT, they are of
an inclusion relation in the present study: not all the subjective, physiological and
behavioural measures of effort can be equally used as measures of overall cognitive
load, because of the inherent relationships between different types of cognitive load
and performance assumed in CLT. This means that only those effort measures that meet
the assumptions in CLT can be taken as valid overall cognitive load measures in the
present study. The operationalisation of this distinction is discussed in detail in section
4.2.4.

The behavioural metrics presented in 4.2.3 are mainly for measuring certain aspects
of translation behaviours especially with respect to automaticity and cognitive rhythm.
Overall, in order to produce reliable results, a multi-method approach triangulating
different types of data was adopted in the present study. This section presents the four
types of methods, namely, subjective (4.2.1), physiological (4.2.2), behavioural (4.2.3)
and analytical (4.2.4), that have been used for measuring time pressure, effort/cognitive

load and translation behaviours.

4.2.1 Subjective methods

4.2.1.1 Measurement of time pressure using subjective methods

Subjective methods constitute an important type of measure for both time pressure and
effort level. One of the most commonly used and effective approaches for assessing
time pressure levels is to administer self-report psychometric instruments. As the

emotional state of anxiety is “usually regarded as a product of stress” (Dobson, 1982,
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p. 9), measuring how anxious an individual is in a certain situation can reflect their time
pressure level at that moment. This legitimises the measurement of anxiety as a
psychological indicator of time pressure. The current study employs one of the most
widely used psychometric instruments of anxiety, i.e., the State—Trait Anxiety
Inventory (STAI) developed by Spielberger (1972), as one of the subjective methods
for time pressure measurement. This instrument comprises two components, namely,
the State and the Trait Anxiety Scales. The State Anxiety Scale evaluates the current
state of anxiety, particularly in the face of a threatening event, by asking how
respondents feel “right now”. The items mainly measure subjective feelings of
apprehension, tension, nervousness, worry and activation/arousal of the autonomic
nervous system. The Trait Anxiety Scale evaluates relatively stable aspects of their
anxiety proneness or baseline, including general states of calmness, confidence and
security. By involving the baseline anxiety level in the analysis, this instrument can
take individual differences into account. STALI is relatively brief to administer and does
not require costly or time-consuming scoring or interpretation procedures. Therefore,
this measure lends itself well to general use in various research fields and has been
proved a useful and reliable psychometric tool (Julian, 2011). In the present study, the
State Anxiety form was completed after each task session, and the Trait Anxiety form
was completed after the whole experiment as recommended in the instrument’s
instructions.

In addition, the method of a retrospective questionnaire or interview is an efficient
alternative for acquiring the participants’ psychological experience of time pressure. As
indicated by Minkel and Phillips (2015), measuring the subjective responses to probes
into emotion is essential for validating that the chosen stimuli work as intended; this is
because the core feature of an emotion is the participant’s subjective feeling associated
with it and there is no substitute for asking participants to report their own subjective
experiences. In the field of translation process research, such questionnaires have been
applied in a few studies for the purpose of time pressure verification (e.g., Hansen,
2002a, 2002b; Kourouni, 2012). The present study examined participants’ subjective
feelings on Stress and Temporal Demand respectively by two self-reported questions
adapted from the NASA Task Load Index (NASA TLX) questionnaire. The question
on Temporal Demand inquires how much time pressure the participants felt during the
corresponding task and the question on Stress (adapted from the original question of
NASA TLX on Frustration) inquires how stressed they were during the corresponding
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task. More details about the application of NASA TLX in the present study are

presented in the following section.

4.2.1.2 Measurement of effort using subjective methods

Subjective rating scales are widely used in assessing effort in cognitive tasks (Paas,
Tuovinen, et al. 2003; Paas, 1992; Skulmowski & Rey, 2017). The use of subjective
methods is based on the assumption that “people are able to introspect on their cognitive
processes and to report the amount of mental effort expended” (Paas, Tuovinen, et al.
2003, p. 66). Both multidimensional and unidimensional scales have been used in a
variety of studies (e.g., Paas & Van Merriéboer, 1994; Paas et al., 1994). One of the
widely adopted measures in translation process research is NASA TLX which is a
multidimensional scale assessing a group of associated variables including Mental
Demand, Physical Demand, Temporal Demand, Performance, Effort and Frustration
levels. An example of its application is Sun and Shreve (2014) and Sun (2015) who
employed and adapted this scale to obtain participants’ subjective workload data in
order to assess translation difficulty and it was proved to be reliable.

As mentioned, the current study adopted NASA TLX as a subjective method to
assess the effort that participants invested in each translation task. Specifically, four
dimensions out of six in the original version of the questionnaire were included in the
research to fit the purpose of this study. Table 4-2 below illustrates the comparison
between the items in the original version of NASA TLX and the ones used in the current
study.
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Table 4-2. NASA TLX item definitions and questions

NASA TLX item definitions
Mental Demand (low/high)

How much mental and perceptual activity was
required (for example, thinking, deciding,
calculating, remembering, looking, searching, etc.)?
Was the task easy or demanding, simple or
complex, forgiving or exacting?

Physical Demand (low/high)

How much physical activity was required (for
example, pushing, pulling, turning, controlling,
activating, etc.)? Was the task easy or demanding,
slow or brisk, slack or strenuous, restful or
laborious?

Temporal Demand (low/high)

How much time pressure did you feel due to the
rate or pace at which the tasks or task elements
occurred? Was the pace slow and leisurely or rapid
and frantic?

Performance (good/poor)

How successful do you think you were in
accomplishing the goals of the task set by the
experimenter (or yourself)? How satisfied were you
with your performance in accomplishing these
goals?

Effort (low/high)

How hard did you have to work (mentally and
physically) to accomplish your level of
performance?

Frustration Level (low/high)

How insecure, discouraged, irritated, stressed and
annoyed versus secure, gratified, content, relaxed
and complacent did you feel during the task?

NASA TLX questions
Mental Demand

How much mental and
perceptual activity did you
spend for this task?

Physical Demand

How much physical
activity did you spend for
this task?

Temporal Demand

How much time pressure
did you feel in order to
complete this task?

Performance

How successful do you
think you were in
accomplishing the goals of
the task?

Effort

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

Frustration Level

How insecure,
discouraged, irritated,
stressed and annoyed were
you during the task?

Current study

4

Stress

How stressed
were you during
this task?

The question on Effort served as a subjective measure of effort invested in the

translation task in the present study. The question on Temporal Demand was used to

assess participants’ subjective feelings of time pressure. The question on Frustration

Level was further adapted to focus on the aspect of Stress in order to examine the

association between time pressure and stress. The question on Mental Demand was

used to assess the intrinsic difficulty or the subjective perception of complexity of the
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translation task/material. The two dimensions on Physical Demand and Performance
were eliminated as they are not closely related to the purpose of this study.

Originally, administering the NASA TLX involves two steps. First, participants
reflect on the task they are asked to perform and look at each paired combination of the
six dimensions to decide which is more related to their personal definition of workload.
This results in 15 paired comparisons. The second step involves participants rating each
of the six dimensions on scales from Low to High. The raw score for each of the six
items is multiplied by the weight from step one to generate the overall workload score
per task. In practice, however, many researchers skip the weighting step (see Hart,
2006), which reduces the amount of time needed to administer the scales, and analyse
the raw responses only. The current study adopted the raw score calculation method
without the weighting step to avoid an excessively long experiment process.

The rating scale of NASA TLX is essentially a line with 21 marks (Figure 4-1).
The method of calculating the score is: the number of lines a participant marked
subtracting one, and multiplying by five. For example, in Figure 4-1, the score of the
item would be: (5-1) * 5=20.

Low -High
Figure 4-1. Rating scale of NASA TLX

4.2.2 Physiological methods

As a type of stress, time pressure could lead to a range of physiological responses.
Bayer-Hohenwarter (2009) argued that measuring such physiological processes
triggered by time pressure could yield more reliable results than other time pressure
measurement approaches. Generally, the physiological responses to stress span the
hypothalamic—pituitary—adrenal axis effects (including the adrenocorticotropic
hormone, cortisol, vasopressin and dehydroepiandrosterone), the immune system
effects, the sympathetic-adrenal-medullary system effects, the cardiovascular effects
and the brain—gut axis effects (Allen et al., 2014). Although assessing most of the stress-
related biomarkers still remains relatively invasive, requiring, for example, taking
blood samples from the individual, some of the other biomarkers have become easier
to assess over time (Slavich et al., 2019). For instance, portable research-oriented
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smartwatches can continuously and accurately monitor the biomarkers of heart rate,
galvanic skin response and skin temperature, which are related to the activation of the
sympathetic nervous system. Such technological innovations open up valuable channels
for studies requiring high ecological validity in human experimentation.

The use of physiological methods for estimating effort is based on the assumption
that changes in cognitive functioning are reflected by physiological variables, such as
heart, brain and eye activities (Paas, Tuovinen, et al., 2003). These activities can reflect
the arousal state of a person. Since most of these biomarkers can be continuously
recorded, these methods allow for a moment-to-moment analysis of events. This is
important because cognitive load is assumed to fluctuate locally in language processing,
and the individual operations inherent in language processing are performed very
rapidly (Mitchell, 2004, as cited in Seeber, 2013, p. 25). The continuously recorded
biomarkers offer data that can be precisely analysed in fractions of seconds.

Despite the objective nature of physiological methods, their main drawback is “the
difficulty of identifying and determining what is actually measured” (Seeber, 2013, p.
25). Although some brain activity techniques (e.g., fMRI) may constitute relatively
direct physiological methods for cognitive load measurement, most other physiological
measures only have an indirect causal link to the intensity or activation state of
cognitive processing. For instance, “high-cognitive load may lead to high stress in an
individual, which may lead to changes in heart rate — as may the individual’s emotional
response to the learning materials” (Briinken et al., 2003, p. 56). In this regard, the
underlying assumption made for the use of physiological methods in assessing both
time pressure and intensity of cognitive processing is essentially on a similar ground —
both originate from a human being’s physiological responses or the arousal state
resulting from the activation of the sympathetic nervous system.

Consequently, the interplay between time pressure and the intensive cognitive
processing expended during translation in the current study may lead to an intricate
complex of responses reflected in the physiological arousal state. It can be expected
that some of the biomarkers may be more sensitive to the level of time pressure
experienced by the participants, while some others may be prone to reflect the intensity
of cognitive processing. Thus, through triangulation of different types of methods (e.g.,
subjective and behavioural methods) and statistical analysis such as testing the
correlations between different types of measures, the validity of the physiological
methods for measuring either time pressure or effort can be ascertained. The following
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subsection illustrates the details of all the physiological measures employed in this

study as potential measures for time pressure and/or effort.

4.2.2.1 Physiological measures used in this study

Generally, four requirements should be considered when evaluating the physiological
methods used in the experiment, namely, noise-resistance, non-invasiveness, temporal
resolution and affordability (Seeber, 2013). With an attempt to create a natural scenario
that translators may experience in their workplace, a smartwatch, i.e., an Empatica E4
Wristband, was used to continuously record several biomarkers (i.e., heart rate, heart
rate variability, galvanic skin response and skin temperature) during the experiment
which could minimize the interruption or influence from external devices; an Omron
M7 Intelli IT automatic upper arm blood pressure monitor was used for blood pressure
measurement immediately after each task session; and an eye tracker (either Tobii
TX300 or Tobii Pro X3-120) was used for measuring pupil size as well as collecting
other eye movement data during translation. Details about each physiological measure

are demonstrated below.
Heart rate (HR) and blood pressure (BP)

Heart rate arises from the integration of an individual’s intrinsic rate with the influences
of Sympathetic Nervous System (SNS) and Parasympathetic Nervous System (PSNS),
which are the two divisions of the Autonomic Nervous System (ANS). In a stressful
situation, our body produces a surge of stress hormones (adrenaline and cortisol) into
the blood to prepare the body for the “fight-or-flight” response, which boosts the body’s
alertness and activates the SNS, causing the blood vessels to narrow, engendering an
increase in blood pressure and accelerating the heartbeat (see Taelman et al., 2009;
Akselrod et al., 1981; Sherwood & Carels, 2007). The sensitivity of heart rate to the
activation of the SNS provides the justification for its use as an indicator of
psychological stress (Jennings, 2007). The HR and BP indices that were employed in
the current study were the mean value of HR, Systolic Blood Pressure (SBP), Diastolic
Blood Pressure (DBP) and Mean Arterial Pressure (MAP).

Heart rate variability (HRV)
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HRYV refers to the variation in the time interval between consecutive heartbeats. The
time between beats measured in milliseconds is called the R-R interval or inter-beat
interval. When the artifacts are excluded, the intervals are referred to as normal-to-
normal intervals. HRV is also regulated by the ANS and manifests the interactions
between ANS and the cardiovascular system. Decreased HRV, indicating a disturbed
ANS function (Horsten et al., 1999), has been associated with mental processing or
stress in a number of empirical studies (e.g., Myrtek et al., 1996; Sloan et al., 1994).
There are two categories of HRV indices, the time-domain and frequency-domain
measures (see Shaffer & Ginsberg, 2017 for a comprehensive review). The indices that
were included in the current study are RMSSD (root mean square of successive normal-
to-normal interval differences), SDNN (standard deviation of the normal-to-normal
intervals) and PNN50 (percentage of successive normal-to-normal intervals that differ
by more than 50 milliseconds), all of which are the most frequently used time-domain

measures.
Galvanic skin response (GSR)

Galvanic skin response, or Electrodermal Activity, is the measurement of the
continuous dynamic variations of the electrical properties of the skin and it originates
from the autonomic activation of sweat glands in the skin, which is a function of SNS
(Norman et al., 2016). Pijeira-D &z (2018) indicated that the electrodermal system is
the only one in the entire body solely innervated by the SNS, which reflects a state of
activation. As such, GSR is considered as a well-validated, widely accepted and readily
accessible measure of arousal (Critchley, 2002; Neumann & Blanton, 1970). There are
two components of GSR data, namely the slowly varying tonic skin conductance level
and the rapidly changing phasic Skin Conductance Response (SCR). Analysing these
two components reveals a considerable amount of information and different
characteristics about the arousal level (see Braithwaite et al., 2013 for more details).
The indices used in the current study included the mean value of GSR, the mean value
of SCR Amplitude and SCR Frequency (i.e., SCR number per minute).

Pupil size and skin temperature

The human pupil is also known to reflect the ANS activities in that mydriasis has been

found to be related with mental effort exertion and psychological stress in a number of
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studies (e.g., Yang & Kim, 2018; Pedrotti et al., 2014; Partala & Surakka, 2003; Ren et
al.,, 2014). Acute stress can also trigger sympathetically mediated peripheral
vasoconstriction which causes an obvious drop in skin temperature; in the meantime,
this influx of peripheral blood, along with stress-induced thermogenesis increases core
temperature (Herborn et al., 2015). Generally speaking, human faces easily get hot
while the fingertips get cold under acute stress (Kataoka et al., 1998). There are plenty
of studies that found skin temperature decreased under stress (e.g., Cho et al., 2017;
Rickard, 2004; Hui & Sherratt, 2018). The indices employed in the current study for
these two measures were the mean value of pupil size and the mean value of skin
temperature.

Overall, based on existing studies, the measures of HR, BP and skin temperature
are more likely to reflect stress levels whereas the measures of GSR, HRV and pupil
size are more possible to reflect effort/cognitive load. The present study examined how
different time constraints could modulate these measures. Table 4-3 presents the indices
of the physiological measures, whether or not they are continuously recorded during

the translation tasks and the devices used to record them.
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Table 4-3. Summary of the physiological measures and corresponding indices

Measures Indices Continuous Device
Heart rate (HR)  The mean value of heart rate v Empatica E4
Systolic blood pressure (SBP)
Blood pressure . . Omron M7 Intelli
pressu Diastolic blood pressure (DBP) X !
(BP) IT
“Mean arterial pressure (MAP)

S I Tobii TX300/
Pupil size The mean value of pupil size v Tobii Pro X3-120
Skin . .

The mean value of skin temperature v Empatica E4
temperature

The mean value of the GSR raw data (GSR
Mean)

Galvanic Skin The mean Amplitude of Skin Conductance .
Response . v Empatica E4
(GSR) Response (SCR Amplitude)

The Frequency of Skin Conductance

Response per minute (SCR Frequency)

Root Mean Square of Successive Differences

between the normal-to-normal heartbeat
Heart Rat intervals (RMSSD)

eart nate Standard Deviation of the normal-to-normal .

Variability heartbeat intervals (SDNN) v Empatica E4
(HRV)

Percentage of successive normal-to-normal
heartbeat intervals that differ by more than 50
milliseconds (PNN50)

Note: “Mean arterial pressure is calculated by the formula [(systolic blood pressure + 2>diastolic
blood pressure) +3]; the mean value of other measures (e.g., heart rate, pupil dilation, skin
temperature and GSR) refers to the average of the continuously recorded data during a translation
task session.

4.2.3 Behavioural methods

Research has shown that acute psychological stress impairs the higher-order cognitive
functions such as working memory (e.g., Qin et al., 2009). Changes in such aspects of
the cognitive process may severely influence behaviours, as reflected by, for example,
the eye-movement patterns and fixation duration (e.g., Henckens et al., 2009; Wang et
al., 2010), and keystroke and mouse dynamics (e.g., Lim et al., 2014). It appears that
time pressure or stress could give rise to behavioural changes in eye movements and
keystroke dynamics owing to its influence on an individual’s cognitive functions. To
this end, certain behavioural metrics could indicate the intensity of effort exertion. In
the present study, behavioural methods mainly refer to the techniques of eye tracking

and keystroke logging which have been increasingly applied in translation process
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research in recent years. These methods were used to gauge the cognitive processes by
various eye and key related metrics in the present study, which are presented in the

following sections.

4.2.3.1 Keystroke logging metrics

Keystroke logging is the electronic recording of all operations (including keypresses,
editing functions and cursor movements) made by the writer as he or she types. A
keystroke logging software allows the storage and subsequent retrieval of a large
number of features of the writing activity. All the keys pressed during a task, such as
text production characters, punctuation symbols, navigational characters (e.g., up and
down, right and left arrows), editing and revision indicators (e.g., cut and paste,
backspace and deletion), are recorded with corresponding timestamps. Thus, “the
output of the logfile is a highly detailed record of the temporal features of the writing
activity, which provides a rich source of online data for analysis” (Miller & Sullivan,
2006, p. 5). The keystroke logging data in the present study was recorded by its
embedded function of the eye tracking software Tobii Studio/Tobii Pro Lab in
combination with Translog Il (Carl, 2012), a widely used keystroke logging software
in translation process research.

Pausing, as one of the most important temporal aspects of language production, has
attracted most attention from keystroke logging studies. Since there is always a time
interval (inactivity) between two successive keystrokes in typing, all such inter-key
intervals are possible candidates for pauses. In order to identify what kind of inter-key
intervals should be counted as pauses, Wengelin (2006) gave a working definition and

an interpretation for it:

“[...] a pause is a transition time between two keystrokes, which is longer than what
can be expected to be necessary for the time needed to merely find the next key. Thus,
in order for a transition to be considered as a pause, a writer has to “interrupt” her

typing considerably longer than that “normal” transition time between two keystrokes.”

(p. 111)

It is clear that certain criteria or thresholds should be stipulated to operationalise a
pause in a specific study. Although pauses in text production may have multiple causes,

they are generally assumed to be “behavioural reflections of the cognitive processes
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involved in changing attentional states” (Schilperoord, 1996, p. 9). It follows that the
longer the pausing time, the more the cognitive operations are required by the output
(Butterworth, 1980, p. 156). Based on such underpinning assumptions, features such as
the frequency, duration and positioning of pauses have been used to signal problems or
difficulty, as well as increased effort in translation.

Whilst it is relatively widely agreed that intensive cognitive processing occurs at
long pauses during the writing or translation process, there is little consensus about the
threshold of a pause. In most cases in translation research, pause thresholds are tailored,
ranging from one to five seconds or longer to best suit the aims of a research study (e.qg.,
Alves & Vale, 2009; Immonen, 2011). It is also considered that the distribution of
cognitive activities is changing over time and between different people, because of the
unfolding interaction of the translator with the text and the environment (Mufpz Mart n
& Martm de Leon, 2018, p. 31). Thus, it is of great interest to take into account the
dynamic feature of pauses when the pause threshold is determined.

Based on Dragsted (2005) in translation and Rosenqvist (2015) in writing research,
Mufpz Marth and Martn de Leon (2018) and Mufbz Martm and Cardona Guerra
(2019) described an approach to determining pause thresholds that can better account
for the individual differences in typing between different participants and different task
conditions. This approach distinguishes three levels of thresholds: 1) a baseline
threshold at 200 milliseconds which can capture the minimal cognitive, perceptual and
action operations; 2) a lower threshold at [2 * the median pause within words of a single
task file]; and 3) an upper threshold at [3 * the median pause between words] (Mufbz
Mart m & Cardona Guerra, 2019). By establishing the three levels of thresholds, pauses
are classified into Short Pauses (SPs, between 200 milliseconds and the lower
threshold), Mid Pauses (MPs, between the lower and the upper threshold) and Long
Pauses (LPs, above the upper threshold). The collection of all the activities between
two LPs is defined as a task segment. Mufboz Martm and Cardona Guerra (2019)
suggested that SPs are mostly physical, mechanical or strategic behaviours related to
keyboarding; MPs mostly hint at monitoring activities; and LPs flag problem-solving
strategies as well as some other cognitive processes. The present study basically
adopted this approach for pause analysis. Changes were only made to the notions of
“pause within words” and “pause between words” in the definitions of the thresholds

to fit the characteristics of typing flow in Chinese.
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Since typing in (simplified) Chinese is usually done with the pinyin system, i.e.,
the Romanisation transcriptions of Mandarin, the typing procedures are different from
typing in European languages. Typing in Chinese requires the typist to know the pinyin
letters of the characters he or she wants to type out and to be able to distinguish them
from the other characters that pop up as recommendations. When typing the commonly
used characters or phrases, the input system is usually intelligent enough to make them
regularly the first one of several recommendations. The input systems allow the typist
to use the spacebar to select the first recommendation which could be one character or
a combination of several characters depending on the pinyin letters that have been typed.
This means that a confirmation key (i.e., usually the SPACE bar to select the first
recommendation or the number representing the correct recommendation) has to be
pressed to type out the chosen character(s). In most cases, especially for skilled typists,
typing out a phrase (containing two or more Chinese characters) at one time is more
common than typing out only one character each time. As shown in Figure 4-2 below,
one can type out only one Chinese character at one time (upper in Figure 4-2), or more
characters (such as a phrase) at one time (lower in Figure 4-2).

178 2% 38 41 S% 6% 78 > ©

1 XERBRZAER 2%E 3R 48R S5k 6BER 78I > ©

Figure 4-2. Typing Chinese characters using the Windows 10 pinyin input method

The length of each unit typed out in Chinese is dependent mostly on one’s typing
habit, e.g., some may tend to type out one phrase at a time whilst others might prefer to
type out a slightly longer unit each time before the final confirmation key is hit. Thus,
the notion of “pause within/between words” in Mufbz Martm and Cardona Guerra’s
(2019) original approach can hardly be applicable to the typing flow of Chinese if we
take a Chinese “character” as an English “word”. As such, the most natural way of
chunking the typing flow of the Chinese text production process is to distinguish the
inter-key intervals within and between such typing units rather than within and between

Chinese characters.
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A Typing Unit (TU) in the present study is defined as a string of keystrokes starting
with a pinyin letter keystroke, ending with the (first*) confirmation keystroke. Intervals
between TUs (IbTU) are thus the time intervals starting with the offset of a TU (i.e., the
confirmation keystroke), ending with the onset of the following TU (i.e., a pinyin letter
keystroke). Intervals within TUs (IwTU) are the time intervals between any two
successive keystrokes within a TU.

It should be noted that keystrokes within a TU are not necessarily all pinyin letters
but could include functional keys (e.g., Deletions) as well. It happens quite often when
the participant makes a typo in typing down the pinyin letters and revises it immediately
before the end of the production of the current TU. Intervals between TUs are not
always empty — punctuations and functional keystrokes could occur in these intervals.
Mufpz Marth and Martn de Leon (2018) suggested that translators may carry out
certain monitoring activities before punctuating a translation unit or a segment.
Similarly, punctuation might be followed by planning activities preparing for the
following stage of production. Thus, the interval from the offset of the first TU (a
confirmation keystroke) until the onset of the next TU (starting with a letter keystroke)
could be filled with (different) cognitive processing activities, no matter whether the
punctuation or functional keystrokes are hit or not during this interval.

IbTUs and IwTUs were used in determining the pause thresholds in the present
study instead of the “pause between/within words” to fit for the features of typing flow
in Chinese. IbTUs and IwTUs were calculated individually based on each task file
completed by each participant. Following Mufbz Mart m and Cardona Guerra’s (2019)
method, the lower threshold is [2 * the median IwTU of a translation task]; the upper
threshold is [3 * the median IbTU of a translation task]. Consequently, those pauses
between two successive keystrokes that are between 200 milliseconds and the lower
threshold are called Short Pauses; those pauses between two successive keystrokes that
are between the lower and the upper threshold of one task are called Mid Pauses; and
those pauses between two successive keystrokes that are longer than the upper threshold
are called Long Pauses (Figure 4-3). Similar to Mufbz Marth and Martm de Leon
(2018), LPs are used to define Segments, which refer to the collection of any activities

(including keystrokes and SPs/MPs) between two LPs.

4 There are situations that multiple confirmation keys are pressed to complete the selection of correct
characters/phrases from the recommendations. In such cases, the first confirmation key is deemed as the
end of a typing unit, because it signals an end of the virtual typing flow of a unit.
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200ms 2*median IwTU 3*median IbTU

Short Pauses (SP) Mid Pauses (MP) Long Pauses (LP)

Figure 4-3. Thresholds of Short, Mid and Long Pauses

Apart from different types of pauses that are usually used to flag different cognitive
activities in the translation process, Vieira (2016) reported that the measure of Pause-
Word-Ratio (PWR, proposed originally by Lacruz & Shreve, 2014) had been a reliable
indicator of cognitive effort in post-editing. In the present study, PWR was obtained by
dividing the total number of LPs by the number of TUs produced during the task.
Together with the pauses (i.e., SPs, MPs and LPs), TUs and Segments as defined above,
different metrics featuring the typing or text production dynamics during translation
were examined. Explanations and the calculation formulas of these metrics are

presented below:

e Keystroke production speed®: [total number of keystrokes +drafting® and end
revision duration (minutes) of a task].

e Average IbTU: average duration of Intervals between TUs.

e Average IWTU: average duration of Intervals within TUs.

e TU length (keystrokes): average number of keystrokes ina TU.

e TU time: average time duration spent on a TU.

e SP/MP/LP count and length: total number and average duration of
SPs/MPs/LPs.

e Segment length (time): average duration of a segment.

e Segment length (TU number): average number of TUs in a segment.

e PWR: [total number of LPs <total number of TUs in a task].

e TT word count: total number of Chinese characters in the final product.

e TU count: total number of TUs produced during the whole translation process.

5> Keystroke production speed is distinguished from the notion of overall translation speed in that it
concerns the stages in which typing activities are stretched (i.e., either producing or modifying the target
text); thus, the orientation or planning stage without any typing activities is discarded from the formula.
& Determination of the three translation phases, i.e., orientation, drafting and end revision, is presented
in section 4.2.4.3.
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The metrics of Keystroke production speed, Average IbTU and Average IwTU were
used to measure the speed property of automaticity. It is assumed that a higher keystroke
production speed along with shorter Average IbTU and Average IwTU features a higher
automaticity level. TU length was examined to see whether time conditions could
influence translators’ habitual typing behaviours. The metric of TU time (along with
the metric of TU fixation which is presented in the following section) was used to
measure the effortlessness property of automaticity when processing each TU. It is
assumed that processing a TU is effortless when the translator consumes little time and
devotes little attention to it.

The metrics of SP/MP/LP count and length, and Segment length measured by time
and TU number, were used to portray different aspects (such as occurrences of different
micro- and macro-strategy behaviours indicated by MPs and LPs) of cognitive rhythm.
PWR was used as a behavioural metric indicative of the level of effort exertion in a
translation task. TT word count and TU count were used to depict the aspects of product
quantity reflected in the end product and generated during the course of the translation

process respectively.

4.2.3.2 Eye tracking metrics

Eye tracking is the technique which can record the point of gaze of a person and the
movement of the eyes from one point to another (Saldanha & O’Brien 2014, p. 136).
Eye fixation behaviours have been extensively researched since the 1970s regarding
their connection with cognitive processes. For example, Just and Carpenter (1976, p.
441) found in a number of cognitive tasks that “the eye fixation behaviour is linked to
a processing model for the task by assuming that the eye fixates the referent of the
symbol being operated on”. Rayner (1977) found that during reading, eye movements
are affected by cognitive processes occurring at the time of the fixations. Later, the
widespread eye-mind hypothesis was formulated by Just and Carpenter (1980, p. 331)
which posits that “there is no appreciable lag between what is being fixated and what
is being processed”. Most studies in translation research that attempt to uncover the
complex mental processes during translation with the help of the eye tracking technique
are based on such an assumption.

Overall, the recording of eye movements can reveal, instantaneously, where the

attention of a person focuses on and for how long this focus lasts. In the present study,
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the Areas of Interests (AOIs) were drawn on the source text (ST), the target text (TT)
and the timing (TM, i.e., the stopwatch/timer) areas on the screen (see Figure 4-4). The
most commonly used features of eye tracking include fixation duration, fixation count
and Mean Fixation Duration (MFD). Fixation duration and fixation count on an AOI
represent the relative engagement with the objects in the AOI, while MFD (i.e., total
fixation duration divided by fixation count) which typically ranges from 150 to 300ms
(Tullis & Albert, 2013, p. 173), can represent the level of overall engagement with an
object. That is, the greater the MFD of an AOI, the higher the level of overall
engagement with the object in that AOI (ibid., p. 173). For these properties of the eye
tracking or fixation metrics, they are also widely used in relevant translation research
as indicators of mental effort. For example, Hvelplund (2017, 2019) investigated how
mental processing varied in translation drafting, revision and resource consultation, and

found that digital consultation was associated with heavier processing than the other

two types of activities as indicated by a longer MFD.

1T

00:13:53 @

™

Figure 4-4. AOIs of ST, TT and TM drawn in the present study

These fixation related metrics were also applied in the current study to inquire into
relevant research questions relating to patterns of attention distribution and effort
exertion. In addition, some metrics integrating both the typing dynamics and the gazing
behaviours were designated for certain purposes as illustrated below:



88 Chapter 4 Research Methodology

e ST fixation duration percentage in TU: [(fixation duration on ST when
producing a TU =fixation duration on ST and TT when producing a TU) x
100%].

e ST-TT fixation ratio in TU: [fixation duration on ST when producing a TU +
fixation duration on TT when producing a TU].

e TU fixation: average fixation duration on ST and TT when producing a TU.

e Fixation duration percentage on ST/TT in the drafting phase: fixation duration
on ST/TT as a percentage of the total fixation duration on ST and TT during
the drafting phase.

e Fixation count on TM: number of fixations on the timing area of the screen.

e Mean fixation duration (MFD): [total fixation duration on the whole screen

during a task —+total fixation count on the whole screen during a task].

ST fixation duration percentage in TU and ST-TT fixation ratio in TU were
inspected as metrics to indicate the degree of parallel processing in translation, which
is one aspect of the effortlessness property of automaticity. It is assumed that, with a
high parallel processing degree, the translator could read the ST and produce the TT in
a more concurrent manner. Thus, compared with the sequential processing of ST
comprehension and TT production, a higher degree of parallel processing should
feature a higher portion of attention paid to ST reading during the course of typing down
the TUs, or formulating the TT. TU fixation (in addition to TU time as mentioned earlier)
was also used to measure the effortlessness property of automaticity but in terms of the
ease of processing each TU.

Fixation duration percentage on ST/TT in the drafting phase was for assessing how
translators allocated their attention to the subprocesses of reading comprehension and
text production in translation. The attention allocation pattern is also associated with
automaticity in that in the two-step cognitive process of translation, if reading
comprehension is highly automated, more attention or resources will naturally be
allocated to text production. Thus, the evaluation of how visual attention is distributed
to ST/TT can reveal, to a certain extent, the overall automaticity level in translation.
The metric of Fixation count on TM was used to inspect how time constraints affected
the attention paid to the passing of time. Lastly, the widely applied metric of Mean
fixation duration (MFD) was used to indicate the intensity of cognitive processing (i.e.,

as a measure of effort) in a task.
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4.2.3.3 Other behavioural metrics

Jakobsen’s (2002) approach of explicitly dividing the translation process into three
production phases, namely orientation, drafting and revision, has been influential and
has inspired a variety of in-depth investigations into the subprocesses of translation in
recent decades. With the use of the keystroke data, identification or definition of the
three phases becomes more feasible. According to Jakobsen (2002), these three

production phases are delimitated as follows:

e Orientation phase: from the appearance of the source text on the screen to the
typing of the first text production key.

e Drafting phase: from the first text production keystroke until the first typing of
the final punctuation mark (or equivalent keystroke).

e End revision phase: From the end of the drafting phase until submission.

The present study adopted this method of identifying different stages of the
translation process by involving the metrics of the time duration of the three phases.
Moreover, the revision behaviours during the entire translation process were examined
in both the drafting phase (termed as online revision) and the end revision phase (termed
as end revision), and the revision behaviours were indicated by the number of deletion
keystrokes of Chinese characters . These additional behavioural metrics about

translation phases and types of revisional behaviours are demonstrated as follows:

e Orientation/Drafting/End revision duration and percentage: time duration of
each phase and time duration of each phase as a percentage of the total task
time.

e Online deletions and end revision deletions: number of deletion keystrokes in

the drafting phase and end revision phase respectively.

Overall, Table 4-4 summarises all the behavioural metrics that were used in the
present study to explore automaticity, cognitive rhythm and effort exertion under the

influence of time pressure.

7 Deletion keystrokes that are inserted within TUs (i.e., deleting the pinyin letters rather than the typed-
out Chinese characters) are eliminated since they are most likely the corrections of typos which may not
signal a meaningful revision of the produced target text; only the deletions of typed-out Chinese
characters are seen as meaningful revision behaviours in the present study.
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Table 4-4. Summary of the behavioural metrics

Metric name Aspects Dimension
Keystroke production speed

Average IwTU Processing speed

Average IbTU

ST fixation duration percentage in TU  Parallel processing degree

ST-TT fixation ratio in TU (effortlessness) Automaticity
-TFB :‘Ii;rtion Average TU effort (effortlessness)

Fixation duration percentage on ST/TT
in the drafting phase
SP count & length

Attention allocation

MP count & length Pauses
LP count & length
Segment length (time

g gth ( ) Segments

Segment length (TU number)
Orientation duration & percentage
Draft duration & percentage

End revision duration & percentage
Online deletions

End revision deletions

Mean fixation duration (MFD)
PWR

TU length (keystrokes)

TU count Fixation counton TM
TT word count

TU count

Cognitive rhythm

Translation phases

Types of revision behaviour

Behavioural metrics Metrics for effort

Habitual typing behaviour

Attention on the passing of time
P g Other

Product quantity

4.2.4 Analytical methods

Analytical methods which are used to estimate cognitive load are often based on one or
more well-developed and widely accepted theoretical framework in conceptualising the
cognitive processes or components of the task being researched. Such a method usually
combines the subjective data elicited through expert opinion and analytical data
generated with mathematical models or task analysis. For example, Sweller (1988) used
the technique of production system (see Langley & Neches, 1981 for details) as a
computational model to measure cognitive load; Seeber (2013) provided two examples
on applications of Gile’s (1997) Effort Model and Seeber’s (2011) Cognitive Load
Model as analytical methods to assess cognitive load during simultaneous interpreting.
The current study adopted CLT as an analytical method to estimate the extraneous,
intrinsic and germane cognitive load, during translation under different time constraints.

The following subsection demonstrates how CLT was applied.
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4.2.4.1 Application of CLT

So far, all the subjective (the item of Effort in NASA TLX), physiological® and
behavioural (PWR and MFD) metrics proposed for estimating the intensity of cognitive
processing of a task can be considered as measures of effort from different perspectives;
measures for overall cognitive load can be filtered out of this pool with the assumptions
of CLT being met. As mentioned earlier, CLT assumes that extraneous, intrinsic and
germane load are additive, and the overall cognitive load is the sum of the three types
of loads. While extraneous load is destructive to performance, germane load is
facilitative to performance. Thus, a negative correlation between extraneous load and
performance, and a positive correlation between germane load and performance are
assumed.

In addition, time pressure, as the major manipulated variable in the present study,
is postulated to be the major source of extraneous load. Since the difficulty levels of the
source materials have been controlled to be comparable (see section 5.2), the intrinsic
load of the three tasks is hypothesised to be consistent across different time conditions.
With different subjective and physiological measures of time pressure and the
subjective, physiological and behavioural measures of effort as introduced in previous
sections, valid overall cognitive load indicators can be determined based on their

internal relationships. The procedures (also in Figure 4-5) are:

1) determine the extraneous load measures: successful time pressure measures® are
the candidates of extraneous load measures; meanwhile, the extraneous load
measures must also demonstrate a negative correlation with translation quality

based on its nature defined in CLT.

2) determine the candidates of overall cognitive load measures: they are the

psycho-physiological and behavioural measures of effort included in this study.

3) calculate the sum of intrinsic and germane load: this can be determined by
subtracting the z score of an extraneous load measure from the z score of a

candidate of an overall cognitive load measure (effort measures), i.e., Zintrinsic+germane

8 Specific physiological measures of effort need to be verified in the analysis by distinguishing them from
the measures of time pressure with statistical tests.

9 Successful time pressure measures are those measures that are proved to have represented the variation
of time pressure in the analysis.
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load = Zoverall cognitive load — Zextraneous load. Since there COUId be mUItlple extraneous |Oad
measures and effort measures, the output of this step includes all the different
combinations of relevant measures. One example could be: Zintrinsic+germane load =

Zpwr — ZTemporaI Demand.

4) test the output of Zintrinsicrgermane 10ad t0 Validate the overall cognitive load
measures: the variation of Z intrinsic+germane load Should be consistent with the variation
of germane load, because the intrinsic load is considered to be comparable across
tasks; thus, if the output of Zintrinsic+germane load 1S positively correlated with translation
quality, then the corresponding effort measure used in the formula can be taken as
a valid overall cognitive load measure; if the output Zintrinsic+germane load 1S NOt
positively correlated with translation quality, the corresponding effort measure
used in that formula cannot be considered as a valid overall cognitive load measure,
because it violates the assumption in CLT that germane load should have a positive

correlation with performance.

Successful time pressure measures Negative correlation with Quality

{ Determine Extraneous Load Measures ]

valid mvalid

— Zistinsictgermane oad 15 pOsitively correlated with Quality Zintrinsictsermane load 15 10t positively correlated with Quality —

{ Determine candidates of Overall Cognitive Load measures f

A,

{ Zinh‘insic+germane load — Zo\'erall cognitive load — Zexh‘aneous load ]

Figure 4-5. Procedures of applying CLT as an analytical method

By exploiting the relationships between different cognitive loads and task

performance, overall cognitive load measures can be validated. More importantly, the

effects of time pressure and experience on translators’ exertion of germane load can be

examined using this method.
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4.3 Translation quality assessment

Task performance is one aspect of the assessment dimension of cognitive load
according to Paas, Tuovinen, et al. (2003). Generally, both primary and secondary task
performance can be assessed: primary task performance assessment usually focuses on
aspects such as performance speed and accuracy; secondary task performance
assessment focuses on the performance of a task that is performed concurrently with
the primary task. The typical metrics of secondary task performance include reaction
time, accuracy and error rate. The present study examined translation product quality
as an overall primary task performance assessment.

Translation quality assessment in the present study was conducted with the strategy
of expert assessment. Two expert translators with over 20 years’ experience as
professional translators (working on the English-Chinese language pair) were invited
to assess all the translation products produced in the experiments. Two widely applied
approaches for translation quality assessment are the error-based and the scale-based
assessment. These two approaches represent the micro-textual and macro-textual
perspectives of translation quality assessment respectively, and a combination of the
two approaches is called mixed-methods scoring (Han, 2020). In such a mixed-methods
scoring system, the final mark is produced by merging the scores from the two
components, i.e., the error-based and the scale-based assessment. It is also suggested
that a mixed-methods approach could yield more reliable results than that of either
system when used alone (e.g., Amini, 2018; Waddington, 2001). The present study uses
the Multidimensional Quality Metrics (MQM, Lommel et al., 2013) as an error analysis
method and the Functional-Componential Evaluation (FCE, Colina, 2008, 2009) as a
scale-based scoring method to produce the final quality scores of the translation. The
weight that these two systems took in the final quality score is 50% respectively. These
two systems of translation quality assessment are presented in detail in the following

sections.

4.3.1 Multidimensional Quality Metrics (MQM)

As an error analysis method for translation quality assessment, MQM (Lommel et al.,
2013) defines a total of over 100 error/issue types under eight major dimensions:
Accuracy, Fluency, Terminology, Locale convention, Style, Verity, Design and

Internationalisation. These dimensions represent the top level in the MQM hierarchy,
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and under each dimension, more specific issues constituting subtypes of their parents
are defined. In order to simplify its application, MQM also defines a smaller “MQM
Core” 1% consisting of 20 error types in seven dimensions that represent the most
common issues arising in quality assessment of translated texts (Figure 4-6).

* Design
Addition <« &
Mistranslation <
—— Accuracy <« MQM Core » Locale convention
Omission «
Untranslated < » Style

Translation Quality

Grammar « ‘
» Terminology
Grammatical register «
Inconsistency « ) » Completeness
Fluency + = Verity P

Spelling « » Legal requirements

Typography <
» Locale-specificcontent
Unintelligible «

Figure 4-6. Dimensions and error types in MQM Core

MQM is highly flexible and can be customised to fit users’ needs, which constitutes
the most important feature or advantage of this system. These core issues/error types
were further tailored in the present study with four main dimensions included, namely
accuracy, fluency, style and terminology; eleven specific error types under these
dimensions which are more relevant to and better suit the scopes and purpose of the

present study are presented in Table 4-5below with their descriptions given by MQM?L:

19 For more details about MQM Core, see MQM website: http://www.qt21.eu/mgm-
definition/definition-2015-12-30.html#magm-core.

1 The descriptions of the error types are from MQM website: http://www.qt21.eu/mgm-
definition/issues-list-2015-12-30.html.
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Table 4-5. MQM dimensions and error types applied in the present study

Dimension Error type Description
Addition The target text includes text that is not present in the source.
Accuracy Omission Content is missing from the translation that is present in the source.
Mistranslation The target content does not accurately represent the source content.
Ambiguity The text is ambiguous in its meaning.
Coherence The text is not coherent: While individual sentences of the text are all perfectly
fluent, the text as a whole does not make sense and is inconsistent with itself.
Portions of the text needed to connect it into an understandable whole (e.g.,
reference, substitution, ellipsis, conjunction, and lexical cohesion) are missing or
Cohesion incorrect. Example: An English text is missing conjunctions and particles (e.g.,
“thus”, “therefore”, “but”, and “however”) needed for the logic of the text to be
Fluency
clear.
Issues related to the grammar or syntax of the text, other than spelling and
Grammar
orthography.
The text shows internal inconsistency. Example: The text states that bug reports
Inconsistency should be submitted to a mailing list in one place and via an online bug tracker tool
in another.
Spelling Issues related to spelling of words.
The text uses a level of formality higher or lower than required by the specifications
. or general language conventions. Example: A formal letter uses contractions,
Style Register - . - .
colloquialisms, and expressions characteristic of spoken rather than written
language, and those comes across as less serious than intended.
Terminology Inconsistent A term is used contrary to general (subject) domain expectations.

with domain

By default, there are three levels of severity for each error type in the scoring
procedures of MQM, namely the minor error, major error and critical error. In the
current research, a critical error only referred to incomplete translation of the whole
text, i.e., cases that one or more sentences were missing in the target text and one
missing sentence was counted as one critical error. In some cases, due to the deadlines,
participants might not manage to complete the task and left some sentences untranslated
usually at the end. The untranslated ST sentence(s) could make the TT obviously
incomplete. This can be easily distinguished from the intentional omission of words, as
a translation strategy. If part of a sentence was untranslated, a half (0.5) critical penalty
applied. The number of minor and major errors were counted against each error/ issue
type. The penalty for a critical error (i.e., missing one sentence in the translation) was
20 points; the penalty of one major error was 6 points and the penalty of one minor
error was 2 points. The final MQM score was calculated by the formulas below:
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MQM score = 100% — Penalties

Minor Error # % 2 + Major Error # x 6 + Critical Error # %20
ST word count (average 200)

x 100%

Penalties =

The raters needed to identify all the errors in a translation that fell into the
prescriptive error types and determine their severity level (either minor or major); the
critical errors, i.e., number of missing/untranslated sentences, were calculated by the
researcher. For example, if five minor errors and five major errors were identified in a
TT by a rater, and 0.5 sentences in an ST containing 200 words were untranslated, the
final MQM score would be 100% - (5*2+5*6+0.5*20)/200*100% = 75%.

4.3.2 Functional-componential evaluation (FCE)

The Functional-Componential Evaluation (FCE) system is a feasible and efficient
translation assessment system proposed by Colina (2008, 2009). The system is based
on a theoretical approach of functionalist and textual models of translation. It represents
a scale-based or holistic assessment approach. This system has been verified by a series
of empirical experiments (of different language pairs including Chinese) with solid
inter-rater reliability. It includes four components of quality separately, namely the
target language, functional and textual adequacy, non-specialised content and the
specialised content and terminology. Each component of this system has four
categories/bands with different score values as presented in Table 4-6. Unlike the error-
based system, such a scale-based or holistic assessment tool does not rely on a point
deduction system, but tries to match the text under evaluation with one of several

descriptors provided for each category/component of evaluation (Colina 2009, p. 240).
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Table 4-6. Descriptions of components and categories in FCE provided by Colina

(2009)

Component

Target language

Functional and
textual adequacy

Non-specialised
content

Specialised content
and terminology

Category

la

1lc

1d

2a

2.b

2.c

2d

3.a

3.c

3d

4.a
4.h
4.c

4.d

Value

15

25

30

10

20

25

10

20

25

10

15

20

Description

The translation reveals serious language proficiency issues.
Ungrammatical use of the target language; spelling mistakes. The
translation is written in some sort of ‘third language’ (neither the source
nor the target). The structure of source language dominates to the extent
that it cannot be considered a sample of target language text. The amount
of transfer from the source cannot be justified by the purpose of the
translation. The text is extremely difficult to read, bordering on being
incomprehensible.

The text contains some unnecessary transfer of elements/structure from
the source text. The structure of the source language shows up in the
translation and affects its readability. The text is hard to comprehend.
Although the target text is generally readable, there are problems and
awkward expressions resulting, in most cases, from unnecessary transfer
from the source text.

The translated text reads similarly to texts originally written in the target
language that respond to the same purpose, audience and text type as
those specified for the translation in the brief. Problems/awkward
expressions are minimal if exist at all.

Disregard for the goals, purpose, function and audience of the text. The
text was translated without considering textual units, textual purpose,
genre, need of the audience, (cultural, linguistic, etc.). Cannot be repaired
with revisions.

The translated text gives some consideration to the intended purpose and
audience for the translation, but misses some important aspect/s of it
(e.g., level of formality, some aspect of its function, needs of the
audience, cultural considerations, etc.). Repair requires effort.

The translated text approximates to the goals, purpose (function) and
needs of the intended audience, but it is not as efficient as it could be,
given the restrictions and instructions for the translation. Can be repaired
with suggested edits.

The translated text accurately accomplishes the goals, purpose (function:
informative, expressive, persuasive) set for the translation and intended
audience (including level of formality). It also attends to cultural needs
and characteristics of the audience. Minor or no edits are needed.

The translation reflects or contains important unwarranted deviations
from the original. It contains inaccurate renditions and/or important
omissions and additions that cannot be justified by the instructions. Very
defective comprehension of the original text.

There have been some changes in meaning, omissions or/and additions
that cannot be justified by the translation instructions. Translation shows
some misunderstanding of original and/or translation instructions.

Minor alterations in meaning, additions or omissions.

The translation accurately reflects the content contained in the original,
insofar as it is required by the instructions without unwarranted
alterations, omissions or additions. Slight nuances and shades of meaning
have been rendered adequately.

Reveals unawareness/ignorance of special terminology and/or insufficient
knowledge of specialised content.

Serious/frequent mistakes involving terminology and/or specialised
content.

A few terminological errors, but the specialised content is not seriously
affected.

Accurate and appropriate rendition of the terminology. It reflects a good
command of terms and content specific to the subject.
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The raters needed to select an appropriate category for each of the four components
in FCE that best described or matched the given translation. The total FCE score would
be the sum of the values corresponding to the category of each component rated by the
raters. What should be noted is that the completeness of the translated text was
accounted for by the components of functional and textual adequacy and non-
specialised content. This means that if a translation was incomplete, these two

components should have lower marks rated by the raters.

4.3.3 Inter-rater and internal reliability of the assessment

As mentioned, two raters were recruited for assessing the quality of all the translations
in the present study. They received £1 per text as remuneration for their work and each
of them assessed 195 (65*3) texts in total. The inter-rater reliability (Krippendorff's
alpha) for each translation assessment system was examined and it showed that the two
raters were highly consistent in their ratings for both systems (Table 4-7). Also, an
internal reliability (Cronbach alpha) for each rater in using the two translation quality
assessment systems was examined, and the two systems exhibited a high consistency
in the results of the two raters as well. These tests prove that the application of these
two translation quality assessment systems can yield highly reliable results on
translation quality scores. The final overall translation quality score for each target text
was calculated as the average score given by Rater 1 and Rater 2 with each system

taking a weight of 50% in each rater’s assessment.

Table 4-7. Inter-rater and internal reliability of the translation quality assessment

Inter-rater reliability (Rater 1 vs. Rater 2) Krippendorff's alpha
MQM 0.958
FCE 0.956
Internal reliability (MQM vs. FCE) Cronbach alpha
Rater 1 0.947
Rater 2 0.955

4.4 Summary

This chapter examines the overall research methodology adopted by the present study.

Firstly, in order to properly induce time pressure, both objective and subjective
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manipulation strategies were proposed and applied. These included the externally
imposed deadlines, giving pre-task instructions about time, increasing participants’
intrinsic motivation for the task and visualising the passing of time. It is considered that
since time pressure comes with a perceptual nature, the supplementary subjective
strategies could intensify the participants’ feelings of time pressure in addition to the
objective strategy of imposing external deadlines.

The methods applied in assessing time pressure, effort/cognitive load and
translation behaviours included subjective, physiological, behavioural and analytical
tools. The subjective or self-report scales included a psychometric instrument, STAI,
for measuring participants’ state and trait anxiety, and NASA TLX for measuring the
level of Effort, Mental Demand, Temporal Demand and Stress experienced by the
participants in the tasks. A variety of biomarkers were measured in order to examine
the physiological effects of time pressure on translation. Specifically, HR, GSR, HRV
and skin temperature were continuously recorded by a none-intrusive device, i.e., an
Empatica E4 wristband during the experiment; pupil size was also continuously
recorded by an eye tracker, while blood pressure was measured immediately after the
tasks. These biomarkers were tested to indicate either time pressure or effort in the
translation tasks depending on their relationships to one another and with other
subjective and/or behavioural measures in the analyses. The behavioural methods
mainly included eye tracking and keystroke logging techniques with which meaningful
metrics relating to different aspects (such as automaticity and cognitive rhythm) of
translation behaviours can be generated. Based on the inherent relationships between
(different types of) cognitive load and task performance, CLT was applied as an
analytical method for calculating or inferring different types of cognitive load
(especially germane load and overall cognitive load) in the current study. This method
offers a new pathway to validating various overall cognitive load indicators, and more
importantly, an in-depth scrutiny can be carried out with regard to how germane load,
which is supposed to facilitate learning and performance, can be modulated by time
pressure in the analysis.

Lastly, the translation product quality was assessed by two different systems, i.e.,
MQM and FCE, which constitutes a mixed-methods scoring system for translation
quality evaluation. While MQM features an error-based assessment system, FCE
represents an efficient scale-based or holistic assessment system. It turned out that the
combination of these two systems in the present study yielded reliable results. Overall,



100 Chapter 4 Research Methodology

the present investigation involved a variety of methods which generated diversified

types of data including online and offline as well as process and product data (see Figure

4-7). The methods and data are expected to provide a solid methodological foundation

for the study.

Online data

Keystrokes

Behavioural-cognitive
Eye movements (fixations)

Heart Rate (HR)

Psycho-physiological Heart Rate Variability (HRV)
Galvanic Skin Response (GSR)

Skin temperature

Offline data

NASA Task Load Index

State-Trait Anxiety Inventory

Blood pressure (BP)

|

.

Product quality assessment

Figure 4-7. Categorisation of data type in the present study
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The present study adopted a within-subject design. Each participant translated three
comparable texts from English into Chinese, with each translation task rotated across
three time conditions, i.e., Short, Standard and Free. A series of experiments were
conducted from May to December 2019. This chapter presents the details of the
experimental setup including information about the participants (section 5.1), the
selection and evaluation procedures of the source materials (section 5.2), and a pre-test
for determining the time constraints and several other key issues for the subsequent
formal experiment (section 5.3). The procedures and apparatus involved in the
experiment are demonstrated in section 5.4. In addition, illustrations about the
physiological dataset and data screening criteria for the eye tracking data are given in
section 5.5. The statistical analysis methods and tools are discussed in section 5.6.
Section 5.7 summarises the whole chapter.

5.1 Participants

Sixty-five participants were recruited in the formal experiment of this study on a
voluntary basis. These participants were grouped as novice translators and experienced
translators based on their professional translation work experience in years. The novice
group consisted of 35 postgraduate students (30 master’s students in the 2018-19 one-
year programme and five first- or second-year doctoral candidates) majoring in
Translation Studies at Durham University. The master’s students had completed most
of their courses in the programme at the time the experiment was conducted. The
majority of participants in this group had no professional translation work experience
by then. There were five males and 30 females in the novice group and their average
age was 24.14 years (range=21-34, SD=2.68).

The group of experienced translators consisted of 30 participants: 10 of them were
postgraduates (five master’s students and five doctoral candidates majoring in
Translation Studies) who already had over three years’ professional experience in
English-Chinese translation; 20 were non-student translators who had three to twenty
years of professional experience in English-Chinese translation. There were nine males
and 21 females in the group of experienced translators and their average age was 30.73
years (range=24-50, SD=7.80).

The participants were grouped by their professional translation work experience

(without work experience vs. more than three years’ experience) instead of their identity
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(student vs. non-student) because the present study aims to understand how professional
experience makes a difference in translating under time pressure. The profiles of the
student participants showed that a portion of them already had plenty of professional
experience before they took the postgraduate programme. For example, one student had
worked for a large newspaper as a news translator for four years and a few of them had
been working for translation companies as stable free-lance translators for three to five
years. Concerning their experience, it would be more reasonable to group them as
experienced translators rather than “students” simply because of their current identity.

As pointed out by J&&keldnen et al. (2011, p. 146), with a didactic purpose,
translation process research often seeks to find out how “what constitutes professional
performance (descriptive aim) will help us educate the students into professionals
(applied aim)”. Thus, comparing the performance of experienced and non-experienced
groups with the assumption that novices can attain expertise has become one of the
most researched foci in translation process research. To this end, the notion of relative
expertise (as opposed to absolute expertise proposed by Chi, 2006), which reflects the
underlying didactic aims, has been widely adopted in process studies so that the
conventional requirement of “expertise” (e.g., with 10 years or 10,000 hours of
deliberate practice as mentioned in Shreve, 2006) has been much relaxed in recent years.

Nonetheless, the present study does not adopt terms such as “professional” or
“expert” translator to avoid an arbitrary definition of professionalism or expertise;
rather, the translators are grouped based only on their actual working experience in
translation. The criterion set for labelling a translator as experienced or novice in the
present study is whether or not they had over three years’ experience of working as a
translator (either working as a free-lance or an in-house translator with a stable income
from the translation work). This criterion (three years) also conforms to previous studies
(e.g., Hvelplund, 2011).

All the participants in the two groups were native Mandarin Chinese speakers with
English as their second language. The student participants (from both the novice and
experienced translator group) shared a similar background in language proficiency with
an average IELTS score of 7.4 (range=7-8, SD=0.38). All the non-student participants
were certified translators with translation related degrees. All the participants were
touch-typists and had normal or corrected-to-normal vision.

In addition to the 65 participants in the formal experiment, another 13 master’s

students (three males and 10 females; average age was 21.38 years ranging from 19 to
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25 years) majoring in Translation Studies (from the 2017-18 programme at Durham
University) participated in a pre-test which was designed to determine several key
issues for the formal experiment. The procedures of the pre-test are demonstrated in

section 5.3.

5.2 Source texts

Three source texts were selected and excerpted from The Economist, an
international weekly newspaper focusing on current affairs, international business,
politics and technology. Each of these texts comprises 11 sentences and on average,
201 words (range=196-207, SD=5.51). They share a similar topic which is about the
trade war between China and the US. They are comparable in their difficulty levels
regarding both the objective measures and subjective evaluation. The objective
measures of text complexity were examined mainly based on Hvelplund (2009),
including the main readability indices (the first six items in Figure 5-1) and Word
Frequency (the last item in Figure 5-1). Each word in the texts was examined in the
British National Corpus, and the words which appeared less than 1000 times (i.e., the
frequency value) in the corpus were marked as Frequency 1000. The Word Frequency
index in this study thus refers to: [(Frequency 1000 <+the number of total unrepeated
words of the text) < 100%]. Figure 5-1 shows that the three texts were comparable

across all these indices.

ETextA ETextB Text C
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FLESCH FLESCH GUNNING FOG SMOG INDEX COLEMAN LIAU AUTOMATED WORD
KINCAID KINCAID SCORE INDEX READABILITY FREQUENCY
READING EASE GRADE LEVEL INDEX (%)

Figure 5-1. Scores of the objective measures of text difficulty

The subjective evaluation was conducted in two steps: 1) eight external experts
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voluntarily evaluated each text regarding their “Comprehensibility” and
“Translatability” and gave a score on a 21-point scale?, with “very low” and “very high”
on the left and right ends; and 2) after translating the texts, 13 participants in the pre-
test (see details in section 5.3) retrospectively assessed the difficulty level of translating
the texts on the 21-point scale. The repeated measures ANOVA test shows that there
was no significant difference among the three texts (Table 5-1). Overall, concerning the
objective measures and the subjective evaluation, the three texts are considered

comparable in translation difficulty.

Table 5-1. Statistics on the subjective evaluation of text difficulty level

Comprehensibility Translatability Difficulty of Translation
Texts Mean (SD) Range N Mean (SD) Range N Mean (SD) Range N
A 50.00 (10.69) 40-60 8 5250 (10.35) 40-60 8  55.00 (17.08) 30-80 13
B 40.00 (0.00) 40-40 8  45.00 (14.14) 20-60 8  55.38(14.21) 30-80 13
Cc 47.50 (21.21) 40-100 8  57.50(19.82) 40-100 8  58.85(10.03) 40-70 13
ANOVA  F(2,14)=1.36, p=.289 F(2, 14)=1.43, p=.272 F(2, 24)=0.71, p=.501

Note: SD=standard deviation; N=number of participants; Range=participants’ response range

5.3 The pre-test and time constraints

A pre-test was carried out at the preparation stage (in August 2018) of this study
involving 13 participants. They took part in the study voluntarily. The specific purposes
of the pre-test were: 1) to determine appropriate time constraints for time pressure
inducement in the formal experiment; 2) to collect subjective evaluation data on the
translation difficulty of the three source texts; 3) to identify the most likely unfamiliar
words in each text which could be provided to participants in the later experiment as a
glossary list.

Technically speaking, there were two stages of the pre-test, i.e., pre-test 1 and pre-
test 2, because adjustments were made during the process in order to best fulfil all the
purposes. Initially, in pre-test 1, each participant translated all the three texts in a
counterbalanced sequence, with the first task having no time limit, the second task
having a deadline which is 75% of the time used in the first task and the last task having

a deadline which is 50% of the time used in the first task. There were four participants

12 The difficulty assessment scales designed for both experts (comprehensibility and translatability) and
students (difficulty of translation) adopted the NASA TLX scale, and thus its score calculation method
(raw scores) was also applied: [(the number of points a participant marked-1)>5].
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who took part in this pre-test 1 and it was found that most participants could not
complete the last translation task given the tight deadline. Therefore, the design was
adjusted. In pre-test 2 which involved nine participants, each participant translated all
the three texts in a counterbalanced sequence, with the first two tasks having no time
limit and the last task having a deadline which was 75% of the averaged time used in
the first two tasks. It was found that all the nine participants managed to complete the
last task, and two of them even completed and submitted the task before the deadline.
They all retrospectively reported that they felt the urgency of time during the last task.

Thus, there were 24 task sessions from the 13 participants that were used for
calculating the average timeframe of translating the three texts: 1) the sessions without
a time limit in pre-test 1 (one session * four participants) and pre-test 2 (two sessions *
nine participants); 2) the sessions in pre-test 2 that were assumed to have a deadline,
but the time was not used up by two participants (one session * two participants). The
average (which is also the median) of this dataset, 20 minutes 25 seconds, was
determined as the Standard time condition for the formal experiment, and quartile one
(16 minutes 15 seconds) of the dataset was determined as the Short time condition
which was slightly shorter than the average time used in the last task in pre-test 2 (16
minutes 36 seconds). The third time condition for the formal experiment has no time
limit, which is called a Free time condition.

Participants in both pre-test 1 and 2 were asked to answer a retrospective question
on the translation difficulty of each text regardless of the time constraint (if there was
one). Thus, 13*3 answers were collected regarding the subjective evaluation of the
translation difficulty of the texts. All the participants in the pre-tests were also asked to
point out the English words in the source texts for which they did not know the meaning.
Based on the results, the top seven words for each text were identified as the most likely
unfamiliar words which were provided in a glossary list in the formal experiment (see

Appendix 2).

5.4 Procedures and apparatus

The study was approved by the research ethics committee of School of Modern
Languages and Cultures, Durham University before the experiments started. The
experiments with 52 participants (35 novices and 17 experienced translators) were

conducted at an eye tracking lab (with Tobii TX300 eye tracker) at the University in



Chapter 5 Experimental Setup and Data Processing 107

the UK; the experiments with the other 13 experienced translators were conducted
either outside the campus in the UK or in China with a portable eye tracker (Tobii Pro
X3-120). To minimise any negative influences on data quality, the participants were
required not to drink alcohol in the 24 hours before the experiment, and they all reported
no known diseases. A consent form (see Appendix 5) ensuring anonymity and
confidentiality was signed by each participant, and they were rewarded with a
supermarket gift card (£20) for their participation in the experiment.

Figure 5-2 presents a flow chart of the experiment procedures. After the consent
form was signed, each participant was asked to fill in a background information form
(see Appendix 6); then, the participants had a short rest session which was used for
measuring the baseline values of the biomarkers (HR, GSR, HRV, skin temperature and
BP). A warm-up session followed to get them familiarized with the interfaces and
devices in the experiment. Before each task session started, an Instruction was briefed:
for the Short session, they were told that the time given was less than what was normally
required; for the Standard session, they were told that the time given was the average
time interval that was normally needed; and for the Free session, they were told that
they could take as much time as they need to complete the task. In addition, the
participants were informed that their translation product would be assessed by an expert

and they would receive the feedback later.

Consent form & Background questionnaire

Rest (3 min) Continuous biomarkers recorded by E4 Wristband (Baseline 1)
BP (Baseline 1)
Briefing & Warm-up
Rest — Instruction 1 — Glossary 1
Task 1
BP1-STAI(S)1-TLX 1-
Rest — Instruction 2 — Glossary 2

Task 2 Eye-tracking + Key-logging + Continuous biomarkers
BP2-STAI(S)2-TLX 2

Rest — Instruction 3 — Glossary 3

Task 3
BP 3 -STAI(S)3-TLX 3
STAI(T)

Rest (3 min) Continuous biomarkers recorded by E4 Wristband (Baseline 2)
End

Figure 5-2. Experiment procedures

When the task session started, the source text was presented at the top of the screen
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followed by the target text editing box. A countdown timer (for the Standard and Short
sessions) or a stopwatch (for the Free session) was displayed at the bottom to remind
the participants about the time remaining or time used (see Appendix 8). The purpose
of visualising the passing of time and giving the instructions about timing and feedback
was to intensify the participants’ subjective perception of time pressure during the
process of translation. The combinations of task order, text and time condition were
substantially counterbalanced (see Appendix 7) to minimise the fatigue or order effects
on the testing variable which is time condition.

The participants were not allowed to consult any online or offline resources during
the translation tasks, but they were provided with a glossary list of the top seven
unfamiliar words in the source text, which were identified in the pre-test; and they were
free to consult resources before each task regarding the words on this glossary list. This
decision was made due to a concern that when given access to online resources, most
participants would opt for using a machine translation (such as Google translate) and
perform post-editing instead of translation, especially when working with a tight
deadline. This would largely alter the nature of the task and influence the results. Thus,
to let the participants concentrate solely on the translation activity, there was no access
to consultation or documentation during the translation process.

During each task, the eye tracking and keystroke logging data was recorded by an
eye tracker (Tobii TX300 of 300Hz sampling rate or Tobii Pro X3-120 of 120Hz
sampling rate) and Translog Il respectively. The desktop Tobii TX300 eye tracker used
in this study was integrated with a removable 23’ monitor in 1280x1024 pixels; the
Tobii Pro X3-120 (portable) eye tracker was used with a ThinkPad laptop with a 14’
monitor in 1920*1080 pixels. Participants were asked to sit in a chair at around 60-65
centimetres from the screen. The eye tracker was calibrated with the regular 5-points-
calibration at the beginning of the warm-up exercise and all task sessions. To keep the
lighting consistent, the window-less room of the eye tracking lab (with desktop Tobii
TX300 eye tracker) was equipped with an overhead fluorescent light during the
experiments. Since the experiments with the 13 experienced translators using the
portable Tobii Pro X3-120 eye tracker were not conducted in a lab — mostly taking place
at the participants’ workplace or home, the environment of these places was not as
controllable and stable as in the university’s eye tracking lab. It should thus be noted
that the mixed data collection settings may potentially impact the final results.

HR, skin temperature, HRV and GSR data were continuously recorded by the non-
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invasive device Empatica E4 Wristband with a frequency of 4Hz during the tasks. This
device was worn by the participants on their wrist just like a normal watch. Therefore,
it did not affect the translation or typing process. The software Empatica E4 Realtime
offers real-time and accurate data acquisition and visualisation, which is suitable for
laboratory setting and academic research purposes.

After each task, blood pressure was measured immediately by an Omron M7 Intelli
IT blood pressure monitor. During the measurement, the participants sat in a chair with
their feet on the floor and their right arm supported by the desk to make the elbow at
about heart level. The inflatable cuff was placed on their upper (right) arm on the bare
skin before it was pumped up to obtain the readings. The State Anxiety form was
completed after the measurement of blood pressure, followed by the NASA TLX
questionnaire. The Trait Anxiety form was completed after the last task session as
recommended by the instrument’s instructions. In addition, the continuous biomarkers
were recorded by the Empatica E4 Wristband in another 3-minute rest session (Baseline
2) before the end of the whole experiment.

Although the participants did not report any specific discomfort feelings regarding
the experimental measurements and observations made before, during and after the
translation sessions, the experimental setting may have an impact on their performance.
This is inevitable, however, concerning the nature of an empirical study which cannot
duplicate a one-hundred percent natural workplace in the experiment.

It should also be noted that at the initial stage of the formal experiment, there was
still a trial-and-error process or a pilot phase in which the Baseline 2 session (for the
measurement of the continuous biomarkers) was not included. This stage involved 16
participants (eight novices and eight experienced translators). This means that these 16
participants only took the Baseline 1 session at the beginning of the experiment. Later,
the Baseline 2 session at the end of the experiment was added to the formal procedures
for the rest of the 49 participants in order to have a more comprehensive examination

of their physiological baseline data.

5.5 Data acquisition and quality assessment

The three task sessions (i.e., Short, Standard and Free) did not observe a data loss
problem for the continuously recorded physiological data obtained via the Empatica E4
Wristband (i.e., HR, skin temperature, GSR and HRV), since the task sessions lasted
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long enough to allow the device to record the data for at least parts of the whole session;
however, the 3-minute baseline (1&2) measurements had a problem of data loss for
several sessions due to the short recording time and malfunction of the device (e.g., the
wristband was not worn firmly enough and sometimes the sensors were not fully in
contact with the participant’s skin when they were moving). Section 5.5.1 illustrates
the physiological data acquisition and processing procedures for the datasets. As
mentioned by Hvelplund (2014), poor quality eye tracking data have the risk that they
may not realistically reflect the translator’s eye movements. The eye tracking data thus
went through a screening process (section 5.5.2) to ensure that the results were not

skewed by flawed data.

5.5.1 Physiological data

The GSR indices of SCR Amplitude and SCR Frequency were obtained viaa MATLAB
based software, Ledalab (version 3.4.9; http://www.ledalab.de/). The continuous
decomposition analysis (Benedek & Kaernbach, 2010) was used for the extraction of
SCRs, and the amplitude threshold of 0.01 uS was adopted. The index of GSR Mean
was obtained by averaging the raw GSR data collected in each baseline and task session
by Empatica E4 Wristband. The indices of HRV (i.e., RMSSD, SDNN and PNN50)
were extracted through the software Kubios (Tarvainen et al., 2014) based on the raw
inter-beat interval data acquired from Empatica E4 Wristband. The HR and skin
temperature data were obtained from Empatica E4 Wristband directly.

Two components were involved in the analyses of all the physiological data: 1) a
general comparison between the baseline session(s) and the task sessions, and 2) a more
comprehensive comparison of the (three) task sessions. As presented in section 5.4,
while all the physiological data were recorded in the three task sessions, pupil size was
not measured in the baseline sessions and blood pressure was measured once at the
beginning of the experiment as a baseline value (i.e., Baseline 1) for all the 65
participants. The rest of the biomarkers, i.e., HR, HRV, GSR and skin temperature,
were measured twice in two baseline sessions (1&2) at the beginning and end of the
experiment respectively for 49 participants, and were measured once only at the
beginning of the experiment for 16 participants. To keep a higher conformity, the
analyses of HR, HRV, GSR and skin temperature for the first component (comparing

the baseline and task session values) were based on data from the 49 participants who



Chapter 5 Experimental Setup and Data Processing 111

took both baseline sessions; the analyses of blood pressure for the first component and
the analyses of all the biomarkers for the second component (comparing the values of
the three tasks sessions) were based on the full dataset of 65 participants.

In addition, one (out of 49) participant’s GSR data was not recorded in Baseline 1
due to a malfunction of the device; thus, this participant was eliminated from the GSR
baseline dataset (n=48) for the physiological data analysis of the first component.
Further, another 15 participants’ HRV data from either Baseline 1 or Baseline 2 were
not properly recorded as well due to a malfunction of the device; thus, only 34 (49-15)
participants’ HRV data were valid for the analysis of the first component (see Appendix
10 for more details). The dataset for HR and skin temperature was complete for the first
component with all the 49 participants included. Table 5-2 below summarises the
number of participants included in each dataset for the analyses of the physiological

measures.

Table 5-2. Datasets for physiological data analyses

Components of analysing the physiological data ~ Biomarkers Number of participants in dataset
HR and skin temperature 49 (27 novice & 22 experienced)

Component 1: comparison between the baseline =~ GSR 48 (27 novice & 21 experienced)

session(s) and the task sessions HRV 34 (21 novice & 13 experienced
BP 65 (35 novice & 30 experienced)

. All biomarkers (HR, BP, GSR,

scezgg:snent 2: comparison of the (three) task HRV, pupil size(, skin 65 (35 novice & 30 experienced)

temperature)

5.5.2 Eye tracking data

Processed by Tobii Pro Studio or Tobii Pro Lab, the pupil size data (left and right eye)
with a validity labelled “high confidence”*® for both eyes were extracted, and the data
on both eyes were then averaged. Due to the need for “standardisation of the different
filter settings” in experiments (Alves et al., 2009, p. 274), all experiments in this study
used the same Velocity-Threshold Identification Filter, which had its velocity threshold
set at 30 degrees/second. The maximum time between fixations was set at 75
milliseconds; the maximum angle between fixations was set at 0.5 degrees; and the

fixation filter was set to include fixation samples that fell within a time window of at

13 Tobii Pro Studio and Tobii Pro Lab label the confidence level that each eye has been correctly
identified. The values range from 0 (high confidence) to 4 (eye not found).
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least 60 milliseconds.

Hvelplund (2011, 2014) put forward three criteria for eye tracking data quality
assessment which has been fundamental to eye tracking studies in translation process
research. Many studies, e.g., Sjerup (2013) and Schmaltz et al. (2016), have applied the
quality assessment criteria on eye tracking data in their experiments based on

Hvelplund’s (2011) approach. The three criteria are:

1) Mean Fixation Duration (MFD). With the reference that the mean fixation
duration during silent reading is around 225 milliseconds (Rayner, 1998, p. 373),
Hvelplund (2011) used a mean fixation duration threshold of 200 milliseconds to
discriminate acceptable data from non-acceptable data, while Sjerup (2013)

applied a threshold of 180 milliseconds.

2) Gaze Time on Screen (GTS). GTS is the percentage of time spent gazing at the
text in relation to the total time of translation production, i.e., [total fixation
duration =-total task time x<100%]. GTS is an indication of either how much time
the participant spent looking at the screen, or the quality of the eye tracking data.
Hvelplund (2011), Sjerup (2013) and Schmaltz et al. (2016) took a threshold of
GTS at around 30%.

3) Gaze Sample to Fixation percentage (GSF). The GSF percentage is calculated
by comparing the total number of gaze samples with the total number of gaze
samples that formed part of a fixation. Hvelplund (2011) adopted a practical
threshold of GSF at 75%.

In addition to these criteria, the software Tobii Pro Studio and Tobii Pro Lab can
give the value of Gaze Sample Percentage (GSP), which is calculated by dividing the
number of eye tracking samples with usable gaze data that are correctly identified, by
the number of attempts. This value can be taken as a convenient indicator of the overall
quality of the gaze samples in an eye tracking file.

As suggested by Hvelplund (2014), while obtaining the GSF percentage is a
potentially labour-intensive process, some analysis software can be useful in
determining a GTS percentage. The GSP value given by Tobii Pro Studio/Tobii Pro
Lab thus provides a reliable substitute for GSF. The present study adopted MFD, GTS

and GSP as three criteria for eye tracking data assessment. The thresholds for MFD and
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GTS were set at 180 milliseconds and 30% respectively based on previous research
(e.g., Hvelplund, 2011; Sjerup, 2013; Schmaltz et al., 2016), and the threshold for GSP
was set at 50% to ensure that the eye tracker identified at least half of its sampling
attempts as valid gaze samples during each task. An eye tracking data file should
comply with at least two of the three criteria to ensure an acceptable data quality. In
addition, if one eye tracking file from a participant failed to pass the screening process,
all the three eye tracking files from the same participant were discarded.

As a result, 27 (out of 195) eye tracking data files were discarded with a discard
rate of 13.85%. These 27 files were from nine participants, including eight experienced
translators who performed the tasks with the portable eye tracker and one novice
translator who performed the tasks with the desktop eye tracker (see details in Appendix
9). This relatively high discard rate of eye tracking data for the experienced translator
group might be owing to the generally less stable conditions in the experiments
conducted with the portable eye tracker and also the relatively low sampling rate of the
portable eye tracker itself. Overall, the trimmed eye tracking dataset included data files
from 56 participants (34 novice and 22 experienced translators) and all the metrics

related to the gaze data were analysed based on this dataset.

5.6 Statistical analysis methods and tools

The statistical analysis was conducted using the Linear Mixed-Effects Regression
(LMER) modelling provided in the Imer4 package (Bates et al., 2015) of the statistical
software, R (version 3.6.3; https://www.R-project.org/). Separate LMER models were
built for each target measure with the fixed effects of time condition (coded as
Condition with three levels: Short, Standard and Free) and experience (coded as Group
with two levels: Novice and Experienced). In the analysis of State Anxiety, Trait
Anxiety was considered as an additional predictor in the model. Two levels (High and
Low) of Trait Anxiety of the participants were categorised based on whether it was
higher than (>) or lower than/equal to (<) the average value of the sampling group. In
the analysis of attention allocation, an additional predictor of AOI (including two levels:
ST and TT) was involved. Individual difference was considered by taking each
participant as the random effect in all the models.

P-values of the fixed effects in each model were obtained via the Satterthwaite’s

approximation (with the ANOVA () function) in the ImerTest package (Kuznetsova et
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al., 2017). The post-hoc tests were conducted with the conservative Bonferroni*
corrections using the emmeans package (Russell, 2020) in order to address the problem
of the increased probability of a Type I error in multiple comparisons performed
simultaneously (Rasinger, 2008). The repeated measures correlation tests were
conducted via the rmcorr package (Bakdash & Marusich, 2017). Compared with simple
regression/correlation, rmcorr does not violate the assumption of the independence of
observations and tends to have greater statistical power because neither averaging nor
aggregation is necessary for an intra-individual research question (ibid., p. 1).

The use of LMER models assumes that the distribution of residuals (i.e., the
differences between the data points and the sample mean) in a given dataset is normally
distributed. To account for the problem of skewness in several models (i.e., GSR Mean,
SCR Amplitude, MP and LP length, SG length measured by TU count and time), the
data were transformed using a logarithmic function (Baayen, 2009, p. 31). By doing so,
the distribution of the data points could be more symmetrical, and the risk of observing
significant effects that were driven by random outliers could be substantially reduced
(Hvelplund, 2011, p. 120).

5.7 Summary

This chapter provides details of the experimental setups and data processing procedures.
Firstly, 65 participants took part in the formal experiment, and they were grouped as
novices (n=35) and experienced translators (n=30) based on whether or not they had
more than three years’ professional work experience as a translator in the past. This is
because this study aims to understand how professional experience makes a difference
in translating under time pressure. Secondly, three English source texts of around 200
words were excerpted from The Economist which showed comparable difficulty levels
in terms of objective measures and subjective evaluation scores (assessed by experts
and students). Thirdly, before the formal experiment was carried out, a pre-test
involving another 13 master’s students were conducted to determine the time
constraints, the source text difficulty and the glossary list for the subsequent formal
experiment. The time constraints for the formal experiment were determined as 16

minutes 15 seconds for the Short session and 20 minutes 25 seconds for the Standard

14 This thesis reports the automatically Bonferroni-adjusted p-values for pairwise comparisons with alpha
set at 0.05 (i.e., the unadjusted p-value had been multiplied by the number of comparisons).
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session based on this pre-test.

The research adopted a within-subject design with which each participant
performed three tasks under different time conditions (i.e., Short, Standard and Free).
During the experiment, each participant firstly signed the consent form and became
familiar with the settings of the experiment in a warm-up session; what followed was
the three task sessions and two 3-minute baseline sessions at the beginning and the end
of the experiment in which the biomarkers of HR, HRV, GSR and skin temperature
were measured by an Empatica E4 Wristband. The baseline value of blood pressure
was measured after the first baseline session at the beginning of the experiment. The
participants were not allowed to consult any online or offline resources during the task
sessions, but they were provided with a glossary list identified in the pre-test before
each task.

Since the 3-minute rest sessions for measuring baseline values of the continuous
biomarkers were short in time, there was a problem of data loss (i.e., no data were
recorded) for GSR and HRYV indices in several sessions; thus, only those participants
whose baseline sessions were recorded with valid data were included in the
physiological data analysis of comparison between the baseline and task sessions. The
in-depth physiological data analysis of comparing the three task sessions was not
affected by the problem of data loss, since all task sessions had valid data recorded due
to the longer time duration of the task sessions. In addition, the eye tracking data went
through a data screening process to ensure reliable results. The three criteria were MFD,
GTS and GSP with thresholds of 180 milliseconds, 30% and 50% respectively. An eye
tracking data file should comply with at least two of the three criteria to be considered
as acceptable, and once a file was discarded, the other two files from the same
participant were discarded as well. As a result, 27 (out of 195) eye tracking data files
from nine participants were discarded with a discard rate of 13.85%.

Lastly, all the statistical analyses were conducted using the LMER models which
provides more reliable inferential results with random effects being taken into
consideration. The post-hoc comparisons were carried out with Bonferroni corrections
to avoid increased probability of a Type I error; instead of simple regression/correlation,
repeated measures correlation (rmcorr) tests were conducted where applicable since it
does not violate the assumption of the independence of observations and tends to have

greater statistical power.
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This chapter reports all the results in response to the five research questions and the
corresponding hypotheses. Section 6.1 focuses on the psycho-physiological effects of
time condition and experience corresponding to RQ1 (H1-H3); section 6.2 examines
the behavioural-cognitive effects aiming to answer RQ2 (H4-H5) and RQ3 (H6-H9);
section 6.3 focuses on how time condition and experience affect the translation quantity
and quality which answers RQ4 (H10-H11), and section 6.4 reports the interplay among
time condition, experience, cognitive load and translation quality in response to RQ5
(H12-H14).

6.1 The psycho-physiological effects

In the preliminary study (Weng et al., in press), it was found that several psychological
and physiological measures (self-reported Stress and State Anxiety, HR, BP and pupil
size) demonstrated a statistically significant effect of time stringency on student
participants (n=45), showing a linear (positive) relation between time stringency and
the detected arousal level indexed by these measures. The exact physiological and
psychological effect of time condition was expected in the present analysis when the
sampling size was further enlarged (n=65) and more importantly when the participants
were grouped based on their professional experience (see section 5.1). As mentioned in
Chapter 1, the research question and hypotheses for the psycho-physiological effects of

time condition and experience were formulated as follows:

RQ1: What are the effects of time condition and experience on participants’ psycho-

physiological responses during translation?

H1: The psycho-physiological responses would show a significant effect of time
condition and would vary in accordance with the stringency of time condition

for both groups of participants.

H2: With the time condition getting more stringent, novice translators would
have stronger psycho-physiological responses (with higher increments in the

tested measures) than experienced translators.
H3: Those measures that corroborate H1 would be correlated with each other.

The measures under study were the psychological measures, including State
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Anxiety (from STAI), Stress and Temporal Demand (from NASA TLX), and the
physiological measures, including HR, BP, GSR, HRV, skin temperature and pupil size.
The following sections present the results regarding these measures and indices.
Separate LMER models were built for each target measure/index with the fixed effects
of Condition (Short, Standard and Free) and Group (Novice and Experienced) unless

otherwise stated.

6.1.1 The psychological effects

The fixed effects of Condition and Group on the self-reported State Anxiety, Stress and
Temporal Demand levels reported in the retrospective questionnaires are presented in

Table 6-1 and visualised in Figure 6-1.

Table 6-1. Type 11l ANOVA table of the LMER models of State Anxiety, Stress and

Temporal Demand

Measure Fixed effects Sum Sg. Mean Sq. NumDF DenDF F value p value Sig.

State Anxiety Condition 2059.27 1029.63 2 126 21.46 <.001 falalel
Group 0.95 0.95 1 63 0.02 .889
Condition:Group ~ 40.13 20.06 2 126 0.42 .659

Stress Condition 13065.9 6532.9 2 126 35.63 <.001 wx*
Group 191.8 191.8 1 63 1.05 310
Condition:Group  466.4 233.2 2 126 127 .284

Temporal Demand  Condition 46960 23480.1 2 126 127.91 <.001 ke
Group 370 370.2 1 63 2.02 161
Condition:Group 1102 550.9 2 126 3.00 .053

Note: Sum Sq. = Sum of squares; Mean Sq. = Mean square; NumDF = Numerator degrees of freedom; DenDF =
Denominator degrees of freedom; Sig. = (Statistical) Significance. Statistical significance codes: p <0.001***; p <0.01**; p <

0.05*; p>0.05: not significant. The same applies to all the tables henceforth.
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Figure 6-1. Effects of Condition and Group on State Anxiety, Stress and Temporal

Demand

Table 6-1 shows that the effect of Condition was statistically significant in
affecting all the three measures, while the effect of Group and the interaction between
Condition and Group were not statistically significant. This meant that there was no
noticeable group difference between novices and experienced translators, and their
State Anxiety, Stress and Temporal Demand levels might vary in a similar tendency
across different time conditions.

The exhibited tendencies confirmed that participants’ self-reported State Anxiety,
Stress and Temporal Demand levels decreased significantly with the time constraint
becoming increasingly relaxed. This pattern corroborated H1 with a statistical
significance of the main effect of Condition. The measure of Temporal Demand showed
a marginally significant'® interaction effect between Condition and Group (p=.053).
However, there was no sign of novice translators having a higher increment of
Temporal Demand than experienced translators when the time condition was getting
more stringent. In fact, when the time constraint became more stringent from the Free
to the Standard condition, experienced translators showed a higher increment in
Temporal Demand. Thus, H2 was not corroborated by these three psychological
measures.

Additional analysis for State Anxiety was conducted involving the Trait Anxiety

15 An effect is reported as “marginally significant” in this thesis when the p-value falls between 0.05 to
0.1, which means that the effect does not reach the threshold of statistical significance (i.e., p<0.05) but
is close to it.
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level (High and Low) as another predictor. Since the above analysis showed no obvious
group difference for State Anxiety, the predictor of Group was dropped, retaining only
Condition and Trait Anxiety as two fixed effects in the model. The results showed that
both Condition (F(2,126)=21.79, p<.001) and Trait Anxiety (F(1,63)=6.74, p=.002)
significantly influenced the variation of State Anxiety, but there was no interaction
effect (F(2,126)=0.55, p=.576) between these two predictors. It was found that
irrespective of the time conditions, participants with a higher Trait Anxiety tended to
give higher State Anxiety scores than those with a lower Trait Anxiety. However, Trait
Anxiety did not modulate the effect of Condition on State Anxiety.

In summary, H1 was corroborated by all the three psychological measures of State
Anxiety, Stress and Temporal Demand. They displayed a positive relationship with
time stringency in both groups. However, H2 is rejected by these measures since there
was no sign of novice translators having stronger psychological responses (with higher
increments in these tested measures) than experienced translators when the time

condition was getting more stringent.

6.1.2 The physiological effects

This section examines how Condition and Group modulate the physiological responses
during translation. Firstly, a general picture of the comparison between the baseline
session(s) and the task sessions is presented in 6.1.2.1. A more in-depth analysis of how
the physiological measures vary across task sessions with different time conditions is

presented in 6.1.2.2.

6.1.2.1 Comparison between baseline session(s) and task sessions

As mentioned in section 5.5.1, the baseline values of the blood pressure indices (SBP,
DBP and MAP; n=65) were measured once at the beginning of each experiment
(Baseline 1), while the baseline values of HR (n=49), GSR (n=48), HRV (n=34) and
skin temperature (n=49) were measured twice at the beginning (Baseline 1) and the end
(Baseline 2) of each experiment. The following box plots (Figure 6-2) demonstrate the
comparisons of these biomarkers between the baseline session(s) and the three task

sessions.
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Figure 6-2. Box plots of the physiological measures in baseline and task sessions

The blood pressure values (SBP, DBP and MAP) of Baseline 1 were generally
slightly higher than the values of the three task sessions for both groups, which might
be caused by the effect of nervousness and feelings of uncertainty at the beginning of
the experiment. Also, experienced translators showed a greater variability than novice
translators, which could be caused by their wider age range (i.e., 24-50 years).

For novice translators, their HR values in Baseline 1 were also higher than that in
the task sessions, but their HR values in Baseline 2 were lowered considerably
compared with those in Baseline 1 and in the three task sessions. This signalled a

recovery state at the end of the whole experiment, during which the nervousness and
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feelings of uncertainty diminished. A similar tendency was observed in experienced
translators as well, except that their HR values in Baseline 1 were much lower than that
of the novices, and the median value approximated the value of the Short task session
(Figure 6-2). It was found that overall, novice translators had significantly higher HR
values than experienced translators in the two baseline sessions (F(1, 47)=6.56, p=.014),
which might be caused by the age difference of the two groups — novice translators
were younger than experienced translators in average.

The tendency of the skin temperature values was similar for the two groups: the
values in Baseline 1 were obviously lower than those in the task sessions and Baseline
2, indicating a highly aroused state at the beginning of the experiment, while the values
in Baseline 2 were similar to those in the three task sessions (Figure 6-2).

The GSR indices had considerably more outliers than other measures, especially
for GSR Mean and SCR Amplitude. The median values and variability of these indices
for novice translators were higher and greater than experienced translators. For novice
translators, the median values of the three GSR indices in Baseline 1 were generally
higher than those in Baseline 2. Although it appears that for novices, the GSR Mean
value of Baseline 2 was slightly lower than that of the task sessions, there was no
noticeable difference in their SCR Frequency and SCR Amplitude values between
Baseline 2 and the task sessions. For experienced translators, there was little difference
between Baseline 1 and Baseline 2 of all the three GSR indices; the contrast of the
median values of GSR Mean and SCR Amplitude between the baseline sessions and
the task sessions was also not evident. However, the median value of SCR Frequency
for experienced translators in the two baseline sessions was similar to that of the Short
task session and higher than the other two (Standard and Free) task sessions (Figure 6-
2). Overall, the GSR indices showed more divergent results in manifesting the contrast
between the baseline and task sessions for the two groups.

The HRV indices showed that for both novice and experienced translators,
Baseline 1 had lower values, indicating a more aroused state, than Baseline 2. For
novices, the HRV values in Baseline 1 approximated that in the Short task session while
the values in Baseline 2 was higher than those in all the task sessions, indicating a more
relaxed state in Baseline 2. A similar tendency was observed in experienced translators,
except that their values of PNN50 in Baseline 1 were higher than those in the Short task
session. These results regarding the comparison between the two baseline sessions and
between the baseline and task sessions were generally consistent with most other
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physiological measures (e.g., HR, BP and skin temperature).

Overall, a consistent feature revealed by the comparison of these physiological
measures between the baseline sessions and the task sessions was that the participants
tended to be in a highly aroused state at the beginning of the experiment (Baseline 1),
even though they were told to have a rest in this session. Primarily, it showed that their
arousal level in Baseline 1 came close to or went higher than that in the task with the
most stringent time condition, as manifested in several biomarkers (e.g., HR, skin
temperature and HRV). In contrast, they recovered to reach a much more relaxed state
at the end of the experiment (Baseline 2) when they completed all the tasks, as indicated

by the change of most biomarkers under study.

6.1.2.2 Comparison of the task sessions

The LMER models were built for each physiological measure to examine the effects of
Condition and Group. The fixed effects of Condition, Group and their interaction on
the physiological measures (indices) of HR, BP, pupil size, skin temperature, GSR and
HRV are reported in Table 6-2 below. Figure 6-3 displays the variation of these
physiological measures (and indices) across different time conditions and groups.
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Table 6-2. Type 11l ANOVA table of the LMER models of the physiological

measures and indices

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.

HR Condition 174.23 87.12 2 126 3.87 0.023 *
Group 44.76 44.76 1 63 1.99 0.163
Condition:Group  10.64 5.32 2 126 0.24 0.790

SBP Condition 434.16 217.08 2 126 6.63 0.002 *x
Group 22.19 22.20 1 63 0.68 0.413
Condition:Group  6.47 3.23 2 126 0.10 0.906

DBP Condition 116.16 58.08 2 126 2.79 0.065
Group 27.74 27.74 1 63 1.33 0.253
Condition:Group ~ 52.16 26.08 2 126 1.25 0.290

MAP Condition 247.83 123.91 2 126 5.36 0.006 *x
Group 22.15 22.15 1 63 0.96 0.331
Condition:Group ~ 37.08 18.54 2 126 0.80 0.450

Pupil size Condition 0.16 0.08 2 126 5.85 0.004 *x
Group 0.01 0.01 1 63 1.03 0.313
Condition:Group  0.04 0.02 2 126 1.26 0.286

Skin Temperature Condition 0.11 0.05 2 126 0.14 0.870
Group 0.29 0.29 1 63 0.75 0.390
Condition:Group  0.87 0.44 2 126 112 0.330

GSR Mean (log) Condition 0.60 0.30 2 126 1.22 0.300
Group 0.57 0.57 1 63 2.29 0.135
Condition:Group  1.88 0.94 2 126 3.80 0.025 *

SCR Amplitude (log)  Condition 0.35 0.17 2 126 0.95 0.391
Group 0.81 0.81 1 63 4.45 0.039 *
Condition:Group  0.85 0.42 2 126 2.32 0.102

SCR Frequency Condition 78.46 39.23 2 126 0.56 0.575
Group 161.46 161.46 1 63 2.29 0.135
Condition:Group ~ 693.45 346.73 2 126 491 0.009 ol

RMSSD Condition 314.88 157.44 2 126 0.78 0.460
Group 105.29 105.29 1 63 0.52 0.472
Condition:Group ~ 409.25 204.62 2 126 1.02 0.365

SDNN Condition 183.19 91.59 2 126 1.13 0.325
Group 62.79 62.79 1 63 0.78 0.382
Condition:Group  250.00 125.00 2 126 1.55 0.217

PNN50 Condition 166.01 83.00 2 126 0.74 0.478
Group 141.35 141.36 1 63 1.26 0.265
Condition:Group  288.35 144.18 2 126 1.29 0.279
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Figure 6-3 shows that the biomarkers of HR, BP and pupil size of both groups
displayed a positive relationship with the stringency of time condition. When the time
constraint was getting more relaxed, the values of these measures decreased
accordingly. This pattern corroborated H1. As shown in Table 6-2, Condition was
statistically significant (in HR, SBP, MAP and pupil size) or marginally significant (in
DBP) in these models. The measure of skin temperature displayed discrepant patterns
for novice and experienced translators in terms of its variation with time condition
(Figure 6-3). The effects of Condition, Group and their interaction were not statistically
significant on this measure (Table 6-2). Thus, H1 was not corroborated by skin
temperature.

In terms of the difference between the two groups, it showed that novice translators
tended to have higher values of HR and pupil size (indicating a higher arousal level)
than experienced translators regardless of the time conditions. However, experienced
translators tended to have higher BP (SBP, DBP and MAP) and lower skin temperature
values (indicating a higher arousal level) than novice translators regardless of the time
conditions. It should be noticed that although discrepancies existed for these measures
regarding the main effect of Group (shown in Figure 6-3), the difference between the
two groups was not statistically significant — none of the measures mentioned above
showed a significant effect of Group or the interaction effect between Group and
Condition. No evidence was found that novice translators had a higher increment in
arousal levels than experienced translators when the time condition was getting more
stringent. Thus, H2 was not corroborated by the measures of HR, BP, pupil size and
skin temperature.

As shown in Table 6-2, GSR Mean and SCR Frequency showed a statistically
significant interaction between Condition and Group. This meant that the variation
pattern of these indices modulated by time conditions was evidently different for the
two groups of participants. The fixed effects of Condition and Group and their
interaction effect on the HRV indices were not statistically significant; however, all the
HRYV indices showed a tendency consistent with that of the GSR indices (Figure 6-3).

Specifically, the GSR and HRV indices displayed different patterns for the two
groups of participants. For experienced translators, the variation of these GSR and HRV
indices across different time conditions was not evident — none of the post hoc
comparisons between time conditions for the six indices was statistically significant for

experienced translators. The tendency of the novice group, however, displayed a
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remarkably different pattern across the three time conditions in that the arousal level
peaked at the Standard session and lowered in the Short and Free sessions. The post
hoc comparisons showed that the difference of GSR Mean and SCR Frequency between
the Short and Standard conditions were statistically significant (t(126)=-2.83, p=.016
for GSR Mean; t(126)=-2.64, p=.028 for SCR Frequency). The difference between the
Standard and Free conditions was also prominent for novices in GSR Mean (t(126)=
2.76, p=.020). This tendency displayed by novice translators in which the Standard
condition characterised a higher arousal level than the other two conditions was
consistent in all the indices of GSR and HRV. This pattern echoes an inverted “U-
shaped” relationship between time stringency and arousal. Thus, both H1 and H2 were
not corroborated by GSR and HRV.

Figure 6-3 also shows that novice translators tended to have higher arousal levels
indexed by GSR and HRV than experienced translators (consistent with HR and pupil
size) regardless of the time conditions. However, only SCR Amplitude showed a
statistically significant main effect of Group.

To sum up, H1 was corroborated by the biomarkers of HR, BP and pupil size for
both novice and experienced translators, while H2 was not corroborated by any of the
tested biomarkers. The indices of GSR and HRV displayed a consistent tendency in
which experienced translators were not affected much by time condition, but novice
translators displayed an inverted-U relation between time stringency and the arousal
level indexed by these two measures. Since GSR and HRV were often considered
indicative of (mental/cognitive) effort (see section 4.2.2.1), these two measures were

inspected further together with other indicators of effort in section 6.4.

6.1.3 Correlation tests

In order to test H3, the repeated measures correlation tests for the measures that

corroborated H1 were conducted. Table 6-3 below presents the results.
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Table 6-3. Repeated measures correlation coefficients among the psycho-

physiological measures that display a positive relationship with time stringency

1. 2. 3. 4. 5. 6. 7. 8.
1. Stress 1
2. State Anxiety r=49*** 1
3. Temporal Demand  r=.63***  r=50*** 1
4. HR r=.03 r=.04 r=25** 1
5. SBP r=.20* r=.23** r=31%**  r=29%** ]
6. DBP r=.07 r=.02 r=.21* r=.03 r=51*** 1
7. MAP r=.15 r=.15 r=.30*** r=.12 r=.80*** r=.85*** 1
8. Pupil size r=.11 r=.06 r=.26** r=.38*** r=.22* r=.08 r=14 1

All the correlations among these measures were positive (r>0). The three
psychological measures (State Anxiety, Stress and Temporal Demand) were relatively
strongly correlated with each other. In addition, Temporal Demand was moderately
correlated with SBP and MAP, and weakly correlated with DBP, HR and pupil size.
SBP was weakly correlated with Stress and State Anxiety. Within the group of the
physiological measures, HR, SBP and pupil size were either moderately or weakly
correlated with each other. The strong correlations among the three indices of BP are
not discussed because they are inherently correlated.

Overall, H3 was partially, but to a great extent corroborated. Not all the tested
physiological measures displayed a sufficiently significant correlation with one another
and with the psychological measures; however, considerable (positive and significant)

correlations were captured among these psycho-physiological measures.

6.1.4 Summary of RQ1

In summary, the results showed that the variations of the self-reported State Anxiety,
Stress and Temporal Demand levels as well as the biomarkers of HR, BP and pupil size
modulated by Condition displayed a consistent tendency with a statistical significance
in which the values of these measures decreased accordingly with the time condition
becoming more relaxed for both groups. The pattern shown by these measures
corroborated H1. The measures of skin temperature, GSR and HRV did not corroborate
H1 as the variations of these measures across time conditions were not in accordance
with the stringency of the time constraints. In addition, H2 was not corroborated by any
of the tested psycho-physiological measures. This meant that novice translators did not

show stronger psycho-physiological responses or a higher increment in these measures
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than experienced translators when the time condition was getting more stringent. H3
was partially but to a great extent corroborated since most measures that corroborated
H1 (i.e., State Anxiety, Stress, Temporal Demand, HR, BP and pupil size) were
correlated.

A different pattern concerning the effect of Condition was observed on the GSR
and HRV indices. Although only two GSR indices (GSR Mean and SCR Frequency)
showed a statistically significant interaction effect between Condition and Group, all
the indices of GSR and HRV displayed the same pattern. The significant interaction
effect indicated that the effect of Condition (on GSR Mean and SCR Frequency) was
markedly different in the two groups of participants. Specifically, it was found that
while an inverted-U relation between time stringency and arousal indexed by GSR and
HRV was shown in novice translators, the GSR and HRV of experienced translators
did not vary significantly across time conditions. Since these two measures displayed a
consistent pattern but did not corroborate H1 in representing time pressure, possible
implications of these measures were further explored in relation to effort measures in
the following analysis.

Concerning the main effect of Group, only SCR Amplitude (one of the indices of
GSR) demonstrated a significant main effect of Group showing that novices had higher
values than experienced translators regardless of the time conditions. Further, despite
the effects of Condition and Group in the translation task sessions, it showed that all
the participants tended to be in a highly aroused state at the beginning of the experiment
(Baseline 1), possibly due to feelings of nervousness and uncertainty, even though they
were told to have a rest in this session. However, they recovered to reach a much more
relaxed state at the end of the experiment (Baseline 2) when all the tasks were

completed, as indicated by the change of most biomarkers under study.

6.2 The behavioural-cognitive effects

This section examines the effects of Condition and Group on the behavioural metrics
(e.g., eye movements and keystroke activities) from the perspectives of automaticity
(6.2.1) and cognitive rhythm (6.2.2). Apart from the two predictors of Condition and
Group, another fixed effect, Area of Interest (AOIl), is introduced in the analysis where

relevant.
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6.2.1 Automaticity

The degree of automaticity at the micro-level can be manifested primarily in the process
of producing the TT products, i.e., in the typing activities. Therefore, automaticity at
the micro-level was gauged based on the minimum unit of TT production — the TUs.
Three aspects, namely processing speed, parallel processing degree and average TU
effort were inspected. At the macro-level, the proportion of attention distributed to the
ST/TT area of the screen was inspected. This section examines these aspects to answer
RQ2 and to test the corresponding hypotheses below:

RQ2: What are the effects of time condition and experience on participants’ level of

automaticity during translation as indicated by the behavioural metrics?

H4. A more stringent time condition gives rise to more automated processing,
evidenced by faster processing speed, deeper parallel processing, less effort in
each processing unit, as well as an increased proportion of attention on TT

production and a decreased proportion of attention on ST comprehension.

H5. Experienced translators have a higher automaticity level than novice
translators, evidenced by faster processing speed, deeper parallel processing,
less effort in each processing unit, as well as a higher proportion of attention on

TT production than on ST comprehension.

Each aspect was examined based on one or more specific metric(s). Table 6-4
details these metrics and their operational explanations, which are also presented in
detail in Chapter 4 (section 4.2.3.1 — 4.2.3.3). The following sections report the results

regarding these aspects, respectively.



Chapter 6 Results

131

Table 6-4. Summary of the metrics related to automaticity in translation

Metric name Explanation and calculation formula

Aspects

Keystroke production speed total number of keystrokes +drafting and end revision

duration (min) of a task

Processing speed

Average lwTU Average duration of Intervals within TUs
Average IbTU Average duration of Intervals between TUs
ST fixation duration % in TU fixation duration on ST when producing a TU =fixation

duration on ST and TT when producing a TU x<100%

ST-TT fixation ratio in TU fixation duration on ST when producing a TU =fixation

duration on TT when producing a TU

Parallel processing

degree

TU time average time duration spent on a TU

TU fixation average fixation duration on ST and TT when producing a TU

Average TU effort

Fixation duration % on ST/TT fixation duration on ST/TT as a percentage of the total fixation

in the drafting phase duration on ST and TT during the drafting phase

Attention allocation

6.2.1.1 Processing speed

Table 6-5 shows that the metrics of keystroke production speed, average IwTU and

average IbTU demonstrated a significant effect of Condition. Figure 6-4 visualises the

tendencies of these metrics across time conditions and groups.

Table 6-5. Type 11l ANOVA table of the LMER models of Keystroke production

speed, Average IwTU and Average 1bTU

Measure Fixed effects Sum Sq. Mean Sg.  NumDF DenDF Fvalue pvalue Sig.
Condition 10996.9 5498.5 2 126 34,51 <.001 Hoxk
Keystroke production speed  Group 6.7 6.7 1 63 0.04 0.838
Condition:Group  946.1 473.1 2 126 2.97 0.055
Condition 13196.7 6598.4 2 126 17.59 <.001 Hoxk
Average IwTU Group 0 0 1 63 0.00 0.994
Condition:Group  1706.9 853.4 2 126 2.28 0.107
Average IbTU Condition 2.12E+07 1.06E+07 2 126 23.24 <.001 kel
Group 6.25E+05 6.25E+05 1 63 1.37 0.247
Condition:Group  1.32E+06  6.62E+05 2 126 1.45 0.239
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Figure 6-4. Effects of Condition and Group on Keystroke production speed, Average
IwTU and Average IbTU

A general tendency for the three metrics was that when the time condition was
getting more relaxed, both novice and experienced translators slowed down their
processing speed with fewer keystrokes produced per minute and longer between-TU
and within-TU intervals. It should be noted that for the metric of keystroke production
speed, it was the most stringent time condition that made a difference (i.e., there was
no statistically significant difference captured between the Standard and Free
conditions for both groups). For the metric of IwTU, it was the most relaxed time
condition that made the difference (i.e., there was no statistically significant difference
captured between the Short and Standard conditions for both groups). For the metric of
IbTU, however, both groups gradually prolonged the intervals between TUs when the
time condition was getting more relaxed. Despite these slight divergencies, their overall
tendency across time conditions corroborated H4, meaning that a stringent time
condition could increase the processing speed of both groups.

None of the three metrics showed a statistically significant effect of Group, but the
interaction between Condition and Group was marginally significant on the metric of
keystroke production speed. This meant that the two groups of participants exhibited
slightly different patterns on this metric with the change of time condition. It shows in
Figure 6-4 that experienced translators decreased the number of keystrokes per minute
gradually when the time condition changed from the most stringent (Short) to the most
relaxed (Free) one; novice translators, however, slightly increased, rather than
decreased their production speed from the Standard to the Free condition; but as
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mentioned, this slight increase was not statistically significant.

Generally, experienced translators maintained faster processing speed than novice
translators, as manifested by all the three metrics, with exceptions only for keystroke
production speed in the Free condition and IwTU in the Short condition. However, the
effect of Group was not statistically significant in all the models, which meant that
experienced translators did not process significantly faster than novice translators
during translation regardless of the time conditions. Hence, H5 was not corroborated

by these three metrics.

6.2.1.2 Parallel processing degree

Table 6-6 presents the results for the two metrics reflecting the parallel processing
degree, and Figure 6-5 visualises how the metrics vary across time conditions and

groups.

Table 6-6. Type 11l ANOVA table of the LMER models of ST fixation duration % in
TU and ST-TT fixation ratio in TU

Measure Fixed effects SumSg. MeanSqg. NumDF DenDF Fvalue pvalue Sig.

ST fixation duration % in TU  Condition 657.87 328.94 2 108 6.27 0.003 il
Group 9.37 9.37 1 54 0.18 0.674
Condition:Group  36.84 18.42 2 108 0.35 0.705

ST-TT fixation ratio in TU Condition 0.43 0.21 2 108 7.07 0.001 *x
Group 0.02 0.02 1 54 0.58 0.448
Condition:Group  0.05 0.02 2 108 0.77 0.466
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Figure 6-5. Effects of Condition and Group on ST fixation duration % in TU and ST-

TT fixation ratio in TU
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Table 6-6 reveals that the effect of Condition was significant on both metrics.
Generally, a more stringent time condition led to a higher proportion of attention on ST
when producing a TU and a higher ST-TT fixation ratio when producing a TU,
indicating deeper parallel processing for both groups of participants. Specifically, for
experienced translators, the estimated marginal means of ST fixation duration % in TU
and ST-TT fixation ratio in TU were 29.4% (SE =2.40) and 0.51 (SE=0.05)
respectively in the Short condition; the values decreased to 26.3% (SE=2.40) and 0.399
(SE=0.05) respectively in the Standard condition and further reduced to 23.5%
(SE=2.40) and 0.346 (SE=0.05) respectively in the Free condition. Only the contrasts
between the Short and Free conditions were statistically significant (t(108)=3.138,
p=.007 and t(108)=2.703, p=.024, respectively). This tendency featured a gradual
decrease in parallel processing degree with the alleviation of time stringency for
experienced translators. Overall, this result corroborated H4.

For novice translators, there was an evident decrease from the Short condition to
the Standard condition with the estimated marginal means of ST fixation duration % in
TU and ST-TT fixation ratio in TU reducing from 27.7% (SE=1.93) and 0.424 (SE=0.04)
to 24.5% (SE=1.93) and 0.359 (SE=0.04), respectively. There was a slight decrease
from the Standard condition to the Free condition with the estimated marginal means
of the two metrics maintaining at 23.8% (SE=1.93) and 0.343 (SE=0.04) respectively
which were close to that of the Standard condition. Also, none of the pairwise
comparisons of these values between time conditions was significant for novice
translators. Thus, novice translators demonstrated a less prominent effect of time
condition on these metrics than experienced translators.

Although experienced translators generally showed a higher degree of parallel
processing, especially in the time-constrained conditions, than novice translators, as
shown in both metrics (Figure 6-5), H5 was not corroborated by these two metrics since

there was no statistically significant effect of Group on the two metrics.

6.2.1.3 Average TU effort

Before examining the two metrics of TU effort measured by time and fixation duration,

the average number of keystrokes in a TU was inspected with regard to the effects of

16 SE=Standard Error
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Condition and Group. Table 6-7 below reports the results for TU length and the two

metrics of TU effort measured by time and fixation duration.

Table 6-7. Type 11l ANOVA table of the LMER models of TU length (keystrokes),
TU time, and TU fixation

Measure Fixed effects SumSg. MeanSqg. NumDF DenDF Fvalue pvalue Sig.

TU length (keystrokes)  Condition 0.18 0.09 2 126 0.76 0.469
Group 0.35 0.35 1 63 2.88 0.095
Condition:Group  0.08 0.04 2 126 0.34 0.713

TU time Condition 248290 124145 2 126 7.75 <.001 il
Group 20245 20245 1 63 1.26 0.265
Condition:Group 34269 17134 2 126 1.07 0.346

TU fixation Condition 67019 33510 2 108 1.67 0.193
Group 3337 3337 1 54 0.17 0.685
Condition:Group 87462 43731 2 108 2.18 0.118
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Figure 6-6. Effects of Condition and Group on TU length (keystrokes), TU time, and
TU fixation

The results showed that the average number of keystrokes in a TU was not affected
by Condition or Group, although novices tended to have slightly longer TUs with more
keystrokes than experienced translators (i.e., novices prefer to type slightly more
Chinese characters in a TU) regardless of the time conditions. This indicated that such
habitual typing behaviours were not easily affected by time condition.

The metric of TU time was significantly affected by Condition, and the metric of
TU fixation was not affected by either Condition or Group or their interaction. The

tendency in Figure 6-6 reveals that the amount of time spent per TU by novices in the
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Short session (estimate=1609, SE=85.7) approximated that of the Standard session
(estimate=1614, SE=85.7) and was lower than that of the Free session (estimate=1694,
SE=85.7). Both the contrasts between Short and Free (t(126)=-2.829, p=.016) and
between Standard and Free condition (t(126)=-2.664, p=.026) were statistically
significant. The amount of time per TU spent by experienced translators, however,
plummeted in the Standard session (estimate=1452, SE=92.5) from the Short session
(estimate=1507, SE=92.5) and peaked at the Free session (estimate=1542, SE=92.5).
Only the contrast between the Standard and the Free condition was statistically
significant (t(126)=2.755, p=.020).

This result indicated that the effect of Condition arose mainly from the
presence/absence of a deadline. That is, for both groups, the time spent on each TU
significantly increased when the deadline was removed (i.e., in the Free session), but
the contrast between conditions with different levels of time stringency (i.e., between
the Short and the Standard session) was not evident. As such, H4 was corroborated by
the metric of TU time in terms of the presence/absence of a deadline. This meant that a
deadline was likely to cut down the effort (measured by time) spent on each TU.
Although experienced translators tended to spend less time (but longer fixation duration)
on each TU than novice translators, the group difference was not statistically significant.

Therefore, H5 was not corroborated by TU time or TU fixation.

6.2.1.4 Attention allocation

At the macro-level, automaticity can be gauged by how the participants allocate their
visual attention to the two processing areas, i.e., ST and TT, during the drafting phase.
Therefore, the metric of the proportion of fixation duration that was allocated to ST/TT
was examined. The main effect of AOI, which contained two levels, ST and TT, was
introduced to the model to exhibit how the participants allocated their attention. To test
H4, the model with AOI and Condition as fixed effects was built firstly. Table 6-8
displays the results, and Figure 6-7 visualises the effects.
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Table 6-8. Type 11l ANOVA table of the LMER models of Fixation duration % on
ST/TT in drafting phase with AOI and Condition as fixed effects

Measure Fixed effects Sum Sq. Mean Sq.  NumDF DenDF Fvalue pvalue Sig.
Fixation duration % on  AOI 1606.75 1606.75 1 330 10.44 0.001 faled
ST/TT in drafting Condition 0 0 2 330 0 1
phase AOl:Condition 27291 136.46 2 330 0.89 0.413
AOI
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Figure 6-7. Effects of Condition and AOI on Fixation duration % on ST/TT in the
drafting phase

The results in Table 6-8 show that Condition did not affect the amount of attention
allocated to ST/TT during the drafting phase, and nor did it interact with the effect of
AOIl. Thus, the stringency of time condition could not increase the proportion of
attention invested in TT production or reduce the proportion of attention invested in ST
comprehension. Consequently, H4 was not corroborated by this metric. Figure 6-7
shows that although the effect of Condition was not statistically significant, participants
tended to slightly increase the proportion of attention on TT production and reduce the
proportion of attention on ST comprehension when the stringency of time condition
was alleviated. Only the main effect of AOI made a significant difference, which meant
that the participants tended to invest more attention in TT production than in ST
comprehension regardless of the time conditions (Figure 6-7).

To test H5, a model with the fixed effects of AOI and Group was built. Table 6-9

presents the results.
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Table 6-9. Type 11l ANOVA table of the LMER model of Fixation duration % on
ST/TT in drafting phase with AOI and Group as fixed effects

Measure Fixed effects Sum Sg. Mean Sq. NumDF DenDF Fvalue pvalue Sig.
Fixation duration%  AOI 23237 2323.7 1 332 15.66 <.001 Foxk
on ST/TT in drafting  Group 0 0 1 332 0 1

phase AOI:Group 1784.2 1784.2 1 332 12.02 <.001 faleied

Table 6-9 shows that the main effect of AOI and its interaction effect with Group
were statistically significant. This indicated that novice and experienced translators had
different attention allocation patterns during the drafting phase. Figure 6-8 below
displays the patterns.

Group
Novice Experienced
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Figure 6-8. Effects of Group and AOI on Fixation duration % on ST/TT in the
drafting phase

It is evident that experienced translators tended to have a considerably lower
proportion of attention on ST (estimate=44.9, SE=1.50) than on TT (estimate=55.1,
SE=1.50) during the drafting phase (t(278)= -4.764, p<.001). Novice translators,
however, tended to have comparable proportions of attention on ST (estimate=49.7,
SE=1.21) and on TT (estimate=50.3, SE=1.21) during the drafting phase (t(278)= -
0.391, p=.696). In addition, novices spent a significantly higher proportion of fixation
than experienced translators on the ST area (t(181)=2.452, p=.015) and correspondingly,
a significantly lower proportion of fixation than experienced translators on the TT area
(t(181)=-2.452, p=.015).

This result corroborated H5 in that experienced translators spent much more

attention on TT production than on ST comprehension during the drafting phase, and
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this difference was more salient than that of novice translators.
Attention distributed to the passing of time

The number of fixations distributed to the timing AOI (i.e., TM) of the screen (Fixation
count on TM) was examined to check if time condition and experience made a
difference in the attention paid to the passing of time. The results showed that although
both novice and experienced translators reduced their fixations on the AOI of TM in
the Free condition (Figure 6-9), there was no statistical significance captured for
Condition or Group. This result indicated that novice and experienced translators
behaved similarly regarding the amount of attention paid to how much time was
remaining or used during the translation process. They tended to pay slightly more
attention to this timing area when there was a deadline (in the Short or Standard
condition), which meant that they attended more to how much time was remaining.
When the deadline was removed, i.e., in the Free condition, they paid less attention to
this timing area, which meant that they cared less about how much time they had

consumed in this task.
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Figure 6-9. Effects of Condition and Group on Fixation count on TM

6.2.1.5 Summary of RQ2

In summary, in response to RQ2 (What are the effects of time condition and experience
on participants’ level of automaticity during translation as indicated by the behavioural
metrics?), this section examined four aspects of automaticity in translation, namely,

processing speed, parallel processing degree, average TU effort and the (proportion of)
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attention allocated to ST/TT. Specific metric(s) corresponding to these aspects were
tested against H4 and H5, respectively. Table 6-10 below summarises the results.
Basically, time condition mainly affected automaticity from the perspectives of
processing speed, parallel processing degree and the ease/effort of processing each TU
(measured by time). At the same time, experience came with a salient effect on the
(proportion of) attention allocated to ST/TT. Although variation patterns for some
metrics (e.g., Keystroke production speed, Average IwTU, and TU time) did not
conform to a strict linear positive or negative relationship with the stringency of time
condition, the overall effect of Condition was significant in those models of metrics that
corroborated H4. This means that at least some comparisons between time conditions,
if not all the pairwise comparisons, were prominent enough to elicit the significant
changes (e.g., for TU time, it is the existence of deadline that makes a difference).

Table 6-10. Summary of the results for H4 and H5

Aspects Metric name H4 H5
Processing speed Keystroke production speed v X
Average lwTU v X
Average IbTU v X
Parallel processing degree ST fixation duration % in TU v X
ST-TT fixation ratio in TU v X
Average TU effort TU time v X
TU fixation X X
Attention allocation Fixation duration % on ST/TT in the drafting phase ~ x v

6.2.2 Cognitive rhythm

Cognitive rhythm can be manifested in the way translators coordinate the subtasks
during translation. At the micro-level, cognitive rhythm was examined from the aspects
of the pauses and segments’ features. At the macro-level, cognitive rhythm was
examined by the amount of time distributed to different translation phases and the
revision preference patterns observed in different time conditions. This section reports

the results in response to RQ3 by testing the corresponding hypotheses as listed below:

RQ3: What are the effects of time condition and experience on participants’ cognitive
rhythm during translation as indicated by the behavioural metrics?

H6. A more stringent time condition would shorten and reduce the number of

all types of pauses.
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H7. Time condition would affect the segment length differently for novice and

experienced translators.

H8. When the time condition becomes more stringent, the orientation and end
revision phases are more likely to be trimmed than the drafting phase.

H9. Time condition would affect the pattern of preference for online/end

revision differently for novice and experienced translators.

Table 6-11 presents the detailed metrics related to these hypotheses, which are

examined in this section.

Table 6-11. Summary of the metrics related to cognitive rhythm in translation

Metric name Explanation and calculation formula Aspects
SP count & length total number and average duration of SPs

MP count & length total number and average duration of MPs Pauses
LP count & length total number and average duration of LPs

Segment length (time) average duration of a segment

] Segments
Segment length (TU number)  average number of TUs in a segment

Orientation duration & time duration of the orientation phase and time duration of

percentage orientation phase as a percentage of the total task time

Drafting duration & time duration of the drafting phase and time duration of the .
percentage drafting phase as a percentage of the total task time Translation phases
End revision duration & time duration of the end revision phase and time duration of the

percentage end revision phase as a percentage of the total task time

Online deletions number of deletion keystrokes in the drafting phase Types of revision
End revision deletions number of deletion keystrokes in the end revision phase behaviour

6.2.2.1 Pauses

The number and length of three types of pauses, i.e., SP, MP and LP, were examined
regarding the effects of Condition and Group. Table 6-12 presents the effects of
Condition and Group as well as their interaction on the six metrics; Figure 6-10

demonstrates the effects.
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Table 6-12. Type 111 ANOVA table of the LMER models of SP, MP and LP count

and length
Measure Fixed effects Sum Sq. Mean Sg. NumDF DenDF Fvalue pvalue Sig.
SP count Condition 340055 170027 2 126 36.37 <.001 Fkx
Group 829 829 1 63 0.18 0.675
Condition:Group 2307 1153 2 126 0.25 0.782
MP count  Condition 113374 56687 2 126 18.12 <.001 Fkx
Group 889 889 1 63 0.28 0.596
Condition:Group 5140 2570 2 126 0.82 0.442
LP count Condition 6789.2 3394.6 2 126 18.42 <.001 Fkx
Group 227.8 227.8 1 63 1.24 0.271
Condition:Group  603.6 301.8 2 126 1.64 0.199
SPlength  Condition 579.85 289.923 2 126 381 0.025 *
Group 48.96 48.956 1 63 0.64 0.425
Condition:Group  88.46 44.23 2 126 0.58 0.560
MP length  Condition 133208 66604 2 126 7.62 <.001 el
Group 7556 7556 1 63 0.86 0.356
Condition:Group 2312 1156 2 126 0.13 0.876
LP length  Condition 6.96E+07 3.48E+07 2 126 5.55 0.005 *x
Group 9.00E+06 9.00E+06 1 63 1.43 0.236
Condition:Group  4.44E+06 2.22E+06 2 126 0.35 0.703
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Figure 6-10. Effects of Condition and Group on SP, MP and LP count and length
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The results in Table 6-12 show that the effect of Condition was significant in
affecting the number and length of all the three types of pauses; the effects of Group
and the interaction of Condition and Group were not evident enough to reach a
statistical significance on these metrics. Their variations across time conditions were
generally consistent for the two groups: with the time condition being increasingly
stringent, the number and length of all the three types of pauses were reduced and
shortened. Thus, H6 was corroborated.

It is revealed by Figure 6-10 that novices tended to have slightly longer and more
SPs and MPs than experienced translators regardless of the time conditions; they also
tended to have longer but fewer LPs than experienced translators. In addition, despite
the failure of capturing a significant interaction effect between Condition and Group,
the tendency shown by LP count is worth noticing. Novice translators made almost the
same number of LPs in the Standard condition as in the Free condition, while
experienced translators managed to keep increasing the number of LPs when the time
stringency was alleviated from the Standard condition to the Free condition.

It is also of interest to examine the actual values of the three types of pauses. The
estimated means of SP length were 280, 283 and 285 milliseconds for novice translators
in the Short, Standard and Free conditions, respectively, and 274, 274 and 278
milliseconds for experienced translators in the three conditions, respectively. The
estimated means of MP length were 892, 884 and 947 milliseconds for novice
translators, and 822, 829 and 878 milliseconds for experienced translators in the three
conditions, respectively. The estimated means of LP length were 8202, 8762 and 9387
milliseconds for novice translators, and 6791, 8065 and 8508 milliseconds for
experienced translators in the three time conditions respectively. These values of SP,
MP and LP lengths generally fell within the pause ranges mentioned in Mufoz Mart n
and Mart i de Leon’s (2018) study.

To further explore whether Condition and Group affected the distribution of MPs
and LPs in different translation phases, the metrics of MP and LP count in the drafting

and end revision phases were examined (Table 6-13 and Figure 6-11).
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Table 6-13. Type I1l ANOVA table of the LMER models of MP and LP count in the

drafting and end revision phase

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.
MP count (drafting) Condition 19799 9899.6 2 126 6.05 0.003 faied
Group 418 418 1 63 0.26 0.615
Condition:Group 10453 5226.4 2 126 3.20 0.044 *
LP count (drafting) Condition 234135 1170.68 2 126 6.63 0.002 *x
Group 140.76 140.76 1 63 0.80 0.375
Condition:Group ~ 1023.57  511.78 2 126 2.90 0.059
MP count (end revision)  Condition 38468 19234 2 126 12.18 <.001 ke
Group 118 117.6 1 63 0.07 0.786
Condition:Group 1312 656.1 2 126 0.42 0.661
LP count (end revision)  Condition 119343 596.72 2 126 10.66 <.001 Fkk
Group 28.38 28.38 1 63 0.51 0.479
Condition:Group ~ 439.87 219.94 2 126 3.93 0.022 *
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Figure 6-11. Effects of Condition and Group on MP and LP count in the drafting and

end revision phase

The results indicated that the alleviation of time stringency constantly increased
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MPs in the end revision phase for both groups. However, the interaction effect between
Condition and Group was statistically significant or marginally significant in MP and
LP count in the drafting phase and LP count in the end revision phase. As shown in
Figure 6-11, novice translators tended to make more MPs and LPs in the drafting phase
with the alleviation of time stringency, which signaled increased occurrences of
monitoring and problem-solving/planning activities in the drafting phase. However, the
number of LPs in the end revision phase which flag the problem-solving/planning
activities faltered in the Free condition (compared with that in the Standard condition).
Experienced translators tended to have a relatively stable number of MPs and LPs in
the drafting phase across the three time conditions, which signaled a steady rhythm in
terms of the occurences of monitoring and problem-solving/planning activities in the
drafting phase. However, they continuously and remarkably increased the number of
LPs in the end revision phase with the alleviation of time stringency. Thus, time
stringency had a more evident effect on novice translators than on experienced
translators in the drafting phase regarding the occurrences of monitoring and problem-
solving/planning activities. Time stringency also affected the problem-
solving/planning activities in the end revision phase of both novice and experienced
translators but in a different manner.

In summary, the effect of time condition on the number and length of the three
types of pauses was consistent for the two groups of participants: the more time was
given, the more and the longer the pauses they tended to make. Thus, H6 was
corroborated. In addition, the average length of all the three types of pauses was longer
for novices than for experienced translators, although this difference was not
statistically significant. Overall, novices tended to have more SPs and MPs, while
experienced translators tended to have more LPs regardless of the time conditions.
Further, experienced translators continuously increased the LPs (especially in the end
revision phase) when time pressure was alleviated. Novices made almost the same
number of LPs in the Free condition as in the Standard condition. Further exploration
of the distribution of MPs and LPs in the drafting and end revision phases showed that
novice and experienced translators displayed different patterns in these two metrics.
Novices tended to increase LPs in the drafting phase, while experienced translators

tended to increase LPs in the end revision phase when time pressure was alleviated.
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6.2.2.2 Segments

The length of segments was measured by their average time duration and average
number of TUs, respectively. Table 6-14 shows that neither Condition nor Group had
an evident effect on segment length measured by time; in contrast, Condition
significantly affected the average number of TUs per segment. Figure 6-12 visualises
the effects.

Table 6-14. Type 11l ANOVA table of LMER models of Segment length (time) and
Segment length (TU count)

Measure Fixed effects Sum Sq. Mean Sg. NumDF DenDF Fvalue pvalue Sig.
Segment length  Condition 429E+08 2.15E+08 2 126 1.62 201
(time) Group 2.08E+08 2.08E+08 1 63 1.57 .214
Condition:Group  2.63E+08 1.32E+08 2 126 0.99 .373
Segment length  Condition 12.25 6.12 2 126 8.12 <.001 faialel
(TU number) Group 0.71 0.71 1 63 0.94 .336
Condition:Group  2.55 1.27 2 126 1.69 .189
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Figure 6-12. Effects of Condition and Group on Segment length (time) and Segment
length (TU count)

It showed a pronounced reduction in segment length (measured by both time and
TU number) for novice translators from the Short to the Standard and from the Short to
the Free condition. Experienced translators, however, showed little variation
throughout the three conditions in segment length. In addition, regardless of the time
conditions, novice translators seemed to have longer segments than experienced
translators, especially in the Short condition, although the overall difference was not

statistically significant.
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A follow-up pairwise comparison was conducted for the statistically significant
effect of Condition on segment length measured by time and TU numbers. As expected,
for novices, the significant change in segment length (time) occurred at the Short-
Standard (t(126)=3.39, p=.003) contrast. For segment length (TU number), the
significant changes occurred at the Short-Standard (t(126)=4.38, p<.001) and Short-
Free (t(126)=3.08, p=.008) contrasts. None of the contrasts between time conditions for
experienced translators was significant. Thus, H7 (Time condition would affect the
segment length differently for novice and experienced translators.) was corroborated
by the metric of segment length (TU numbers) since a stringent time condition (Short
condition) prominently increased the TU number in a segment for novice translators,
whilst the TU number of a segment produced by experienced translators was affected
little by the stringency of time condition.

6.2.2.3 Translation phases

Before inspecting the effects of Condition and Group on translation phases, the amount
of time used in the Free condition by the two groups of participants was examined. The
average time duration of the Free session was 22.77 minutes (SD=5.50) for novice
translators and 22.62 minutes (SD=4.16) for experienced translators. There were 23 out
of 35 (65.71%) novice translators, and 22 out of 30 (73.33%) experienced translators
who spent more time in the Free session than in the Standard session. Overall, most
participants consumed more time in the condition without a deadline than in the

Standard condition with a deadline of 20 minutes 25 seconds.
Time duration of each translation phase

The amount of time used in each translation phase was examined, and it showed that
Condition prominently affected the length of the drafting and the end revision phases
while Group affected the length of the orientation phase (Table 6-15). As shown in
Figure 6-13, the tendencies tell that experienced translators had a statistically
significantly longer orientation phase than novice translators regardless of the time
conditions. The drafting phase was prolonged with the alleviation of time stringency
for both groups. A discrepancy emerged between the two groups for the duration of the
end revision phase in the Free condition: while experienced translators increased their

end revision time further in the Free condition compared with that in the Standard
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condition, novice translators reduced their end revision time in the Free condition.

Table 6-15. Type 11l ANOVA table of the LMER models of Orientation, Drafting and

End revision duration

Measure Fixed effects Sum Sq. Mean Sq. NumDF DenDF Fvalue pvalue Sig.

Orientation duration (log)  Condition 0.80 0.40 2 126 1.00 0.371
Group 1.97 197 1 63 491 0.030 *
Condition:Group  1.71 0.85 2 126 2.13 0.124

Drafting duration Condition 1.64E+12 8.20E+11 2 126 49.95 <.001 ke
Group 3.71E+10 3.71E+10 1 63 2.26 0.138
Condition:Group  3.60E+10 1.80E+10 2 126 1.10 0.338

End revision duration Condition 851E+11 4.25E+11 2 126 22.58 <.001 faialel
Group 6.40E+09 6.40E+09 1 63 0.34 0.562
Condition:Group ~ 7.55E+10 3.78E+10 2 126 2.00 0.139

Group Group Group
Novice Experienced Novice Experienced Novice Experienced —
05 I 1 I L 1 L 1 1
18 r
6 L
= _ 17 4 - 3 4
o (= s
= - ’—‘———oi__i_a - = = 4 L
= 0.0 s 16 L = 5 /
o o "/
B s / ©® 4
5 @ 154 - =]
° 5 T 41 -
S 05 L5 5
2 e 14 4 g o @
= e 3 4 L
S 513 / 53
= 13 4 - '/
O P Lﬁ '4
1.0 1 - 12 9 - 21 o
T T T T T T T T T
& o @& d o @& & o &
0" 2 ¢ © @ < N @ <
= 6\2’& =N 6\3“5 E 6\8"‘é
Condition Condition Condition

Figure 6-13. Effects of Condition and Group on Orientation, Drafting and End

revision duration

These results indicated that the stringent time condition significantly shortened the
time duration of the drafting phase and the end revision phase (except for the end
revision phase of novice translators in the comparison between the Standard and Free
condition), while the length of the orientation phase was not prominently affected by
time condition. Therefore, H8 (When the time condition becomes more stringent, the
orientation and end revision phases are more likely to be trimmed than the drafting

phase.) was not corroborated.

The proportion of time consumed by each translation phase
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The proportion of time distributed to the three translation phases were also examined.
The results showed that Group pronounced a statistically significant effect on the
percentage of time spent on the orientation phase, while Condition mainly influenced
the percentage of time spent on the drafting and end revision phases. There was a
marginal interaction effect between Condition and Group on the percentage of the end
revision time (Table 6-16 and Figure 6-14).

Table 6-16. Type 111 ANOVA table of the LMER models of Orientation, Drafting and

End revision percentage

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.

Orientation percentage Condition 21.47 10.74 2 126 0.98 0.379
Group 47.68 47.68 1 63 4.34 0.041 *
Condition:Group  44.80 22.40 2 126 2.04 0.134

Drafting percentage Condition 1926.22  963.11 2 126 11.77 <.001 ke
Group 217.07 217.07 1 63 2.65 0.108
Condition:Group  236.34 118.17 2 126 1.44 0.240

End revision percentage  Condition 2340.46  1170.23 2 126 13.43 <.001 Hokk
Group 23.27 23.27 1 63 0.27 0.607
Condition:Group ~ 463.46 231.73 2 126 2.66 0.074
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Figure 6-14. Effects of Condition and Group on Orientation, Drafting and End

revision percentage

Specifically, compared with novice translators, experienced translators tended to
invest a higher proportion of time in the orientation phase regardless of the time
conditions, and the contrasts between the two groups were significant in the Short

condition (t(97.5)=-2.651, p=.009) and marginally significant in the Standard condition
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(t(97.5)=-1.859, p=.066). Both groups were not significantly affected by time condition
regarding the percentage of the orientation time.

Both the percentages of the drafting time and end revision time were prominently
affected by time condition. The two groups showed a very similar tendency in these
two metrics when the time condition changed from the Short to the Standard condition:
the drafting percentage decreased, and the end revision percentage increased evidently
in the Standard condition. When the stringency of time condition was further alleviated,
i.e., comparing the Standard with the Free condition, there was a discrepant tendency
for the two groups: novice translators tended to increase the drafting percentage and
reduce the end revision percentage in the Free condition; experienced translators tended
to maintain the similar drafting and end revision percentages in the Standard and Free
conditions.

This meant that novice translators’ pattern of time distribution to the drafting and
end revision phases in the Free condition resembled that in the Short condition (high
percentage in drafting and low percentage in end revision), whereas experienced
translators’ pattern of time distribution to these two phases in the Free condition
resembled that in the Standard condition (high percentage in end revision and low
percentage in drafting). The follow-up comparison of this group difference (Novice-
Experienced) in the Free condition showed that the contrast for the drafting percentage
(t(133)=2.323, p=.022) was statistically significant, and the contrast for the end revision
percentage (t(138)=-1.808, p=.073) was marginally significant.

Thus, experienced translators managed to maintain a certain proportion of end
revision when the deadline was removed (i.e., in the Free condition). However, novice
translators chose to increase the proportion of time taken by the drafting phase and,
accordingly, remarkably decrease the proportion of time taken by the end revision phase
when the deadline was removed. This tells one of the critical behavioural features about
how the two groups of participants diverged in response to the free-of-time-pressure
situation during the translation process.

Overall, both groups tended to maintain a relatively stable proportion of time on
the orientation phase regardless of the time conditions. However, the proportions of
time spent on the drafting and end revision phases varied more evidently across time

conditions and showed divergent tendencies between the two groups.

6.2.2.4 Types of revision behaviour
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Online and end revision behaviours were examined with the indicator of deletion count
during the drafting and the end revision phase respectively. It showed that the effect of
Condition was statistically significant in affecting both the number of online revision
activities and end revision activities (Table 6-17). Generally, the more relaxed the
timeframe, the more online and end revision activities were carried out (Figure 6-15).
There was also an interaction effect between Condition and Group on the number of
end revision deletions. This indicates that the two groups of participants tended to
display different patterns for end revision deletions modulated by time condition. As
shown in Figure 6-15, experienced translators managed to continuously increase their
end revision activities with the alleviation of time pressure, while novice translators
maintained the number of end revision activities in the Free condition at a level similar

to the Standard condition.

Table 6-17. Type 11l ANOVA table of the LMER models of Online deletions and End

revision deletions

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.

Online deletions Condition 5275.60 2637.80 2 126 5.52 0.005 ol
Group 51.60 51.60 1 63 0.11 0.744
Condition:Group  1144.80 572.42 2 126 1.20 0.305

End revision deletions  Condition 5621.60 2810.82 2 126 13.71 <.001 kel
Group 226.40 226.43 1 63 1.10 0.297
Condition:Group  1616.00  808.02 2 126 3.94 0.022 *
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Figure 6-15. Effects of Condition and Group on Online deletions and End revision

deletions

The follow-up pairwise comparisons showed that the increase of online deletions
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for the novice group from the Short to the Free condition (t(126)=-2.93, p=.012) and
from the Standard to the Free condition (t(126)=-2.66, p=.027) were statistically
significant, while the contrasts among the three time conditions for experienced
translators were not prominent. For the end revision deletions, on the other hand, no
statistical significance was observed for the three contrasts for the novice group while
all the three contrasts were statistically significant for the group of experienced
translators (t(126)=-2.46, p=.046 for the Short-Standard comparison; t(126)=-5.39,
p<.001 for the Short-Free comparison; and t(126)=-2.93, p=.012 for the Standard-Free
comparison).

These results indicated that novices increased their online revision activities
remarkably with the removal of the deadline. However, the removal of the deadline did
not stimulate them to increase their end revision activities in a similar way. On the
contrary, the Free condition provoked end revision activities for experienced translators
rather than the online revision activities. In other words, when the deadline was absent,
novices opted for more online revisions while experienced translators opted for more
end revisions. With regard to these differences in the revision behaviours of the two
groups, H9 (Time condition would affect the pattern of preference for online/end
revision differently for novice and experienced translators.) was corroborated,

especially for the contrast between the Standard and Free conditions for the two groups.

6.2.2.5 Summary of RQ3

Overall, it was found that a more stringent time condition could shorten and reduce the
number of all types of pauses for both groups of participants. Thus, H6 was
corroborated. The stringency of time condition influenced the segment length for
novice translators more significantly than for experienced translators. Novice
translators’ segmentation was evidently prolonged, especially in the most stringent time
condition. In contrast, time condition did not affect the segment length for experienced
translators, which indicated a relatively stable rhythm in terms of the segmentation of
this group. Therefore, H7 was corroborated. A stringent time condition also
significantly shortened the drafting and the end revision phase (with an exception for
novice translators who had a shorter end revision phase in the Free condition than in
the Standard condition). The length of an orientation phase was not affected by time

condition. Thus, H8 was not corroborated.
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As novice translators preferred to have a longer drafting phase and a shorter end
revision phase in the Free condition compared with the Standard condition, they carried
out more online revisions and fewer end revisions when the deadline was removed.
Experienced translators, on the contrary, preferred to extend their end revision phase
when the deadline was removed so that their end revision activities boosted in the Free
condition. Although their drafting phase was prolonged in the Free condition as well,
the online revision activities did not increase evidently in this condition. Hence, when
the deadline was absent, novices opted for more online revisions while experienced
translators opted for more end revisions. As such, the pattern of preference for
end/online revision changed across time conditions differently for novice and

experienced translators. Thus, H9 was corroborated.

6.3 The performance effects

This section reports how time condition and experience affect translation performance
with regards to the translation product quantity (6.3.1) and product quality (6.3.2).
Section 6.3.2, which focuses on the translation product quality, addresses RQ4 and the
corresponding hypotheses as presented below:

RQ4: What is the relationship between time condition and translation quality for the

two groups of participants?

H10. The stringency of time condition would negatively affect translation
quality for both groups.

H11. Experienced translators can achieve better translation quality than novice

translators regardless of the time conditions.

6.3.1 Product quantity

There were 8 out of 35 (22.86%) and 2 out of 35 (5.71%) novice translators who did
not manage to complete the task under the Short and the Standard condition respectively.
All the experienced translators managed to complete the three tasks.

Product quantity was examined from two aspects: the number of Chinese
characters produced in the final translation product (TT word count) and the total

number of TUs produced during the whole translation process. The results of how
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Condition and Group modulated the two metrics are presented in Table 6-18 and Figure
6-16 below.

Table 6-18. Type 11l ANOVA table of the LMER models of TT word count and TU

count

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.

TT word count  Condition 20132 10066 2 126 13.10 <.001 Hkk
Group 3545 3545 1 63 0.46 0.500
Condition:Group  2849.8 1424.9 2 126 1.85 0.161

TU count Condition 25310.7 12655.3 2 126 21.81 <.001 Hxx
Group 208.5 208.5 1 63 0.36 0.551
Condition:Group  854.7 427.4 2 126 0.74 0.481
Group Group
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Figure 6-16. Effects of Condition and Group on TT word count and TU count

It is not surprising that the effect of Condition was statistically significant for both
metrics, indicating that the stringent time condition restrained the quantity of translation
products. The follow-up pairwise test showed that novice translators had a statistically
significant increase in TT word count from the Short to the Free condition (t(126)=-
4.92, p<.001); but there were no statistically significant contrasts among the
comparisons of the three conditions for experienced translators in TT word count. A
general tendency displayed for both groups in TU count was that more TUs were
produced during the translation process with the alleviation of time stringency. The
follow-up pairwise test for the novice group showed that the Short-Standard (t(126)=-
3.35, p=.003) and Short-Free (t(126)=-5.65, p<.001) contrasts were statistically
significant, and the Standard-Free contrast (t(126)=-2.29, p=.071) was marginally
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significant. The follow-up pairwise test for experienced translators showed that only
the Short-Standard (t(126)=-2.69, p=.024) and Short-Free (t(126)=-3.63, p=.001)
contrasts were statistically significant.

Thus, it can be considered that there was a prominent spur for novice translators in
their online and final product quantity from the Short to the other two conditions. While
experienced translators’ online product quantity (TU count) increased obviously from
the Short to the other two conditions, they tended to have a stabilised final product

quantity (TT word count) in the three conditions.

6.3.2 Product quality

The results for translation quality scores (Quality) showed that both Condition and
Group were statistically significant in affecting the translation quality (Table 6-19).
However, there was no interaction effect between these two predictors. Figure 6-17
shows that overall, experienced translators achieved higher scores than novices
regardless of the time conditions. Also, experienced translators managed to improve
their translation quality when time pressure was gradually alleviated, while novice
translators’ translation quality was improved substantially when the time condition was

changed from the most stringent to the two less stringent conditions.

Table 6-19. Type 11l ANOVA table of the LMER model of Quality

Measure  Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.
Quality  Condition 2508 1254 2 126 13.22 <.001 ool
Group 1817.5 1817.5 1 63 19.17 <.001 il

Condition:Group  338.04 169.02 2 126 1.78 0.173
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Figure 6-17. Effects of Condition and Group on Quality

The follow-up pairwise tests showed that for novice translators, the improvements
in translation quality score from the Short condition to the other two conditions
(t(126)=-4.11, p<.001 for the Short-Standard contrast and t(126)=-3.50, p=.002 for the
Short-Free contrast) were statistically significant. For experienced translators, only the
increase from the Short to the Free condition was statistically significant (t(127)=-3.32,
p=.004). Overall, H10 (The stringency of time condition would negatively affect
translation quality for both groups.) was partially corroborated by these tendencies,
with a violation for novice translators in the Standard and Free condition. In addition,
all the contrasts between the two groups in each time condition were statistically
significant, which meant that experienced translators achieved significantly higher
scores than novice translators in each time condition. Thus, H11 (Experienced
translators can achieve better translation quality than novice translators regardless of

the time conditions.) was corroborated.

6.3.3 Summary of RQ4

The results of translation quality modulated by time condition and experience
corroborated H11 and partially corroborated H10. Firstly, the quality scores of
experienced translators showed a clear tendency that conformed with a negative relation
with time stringency. A feature shown by the novice translator group was that while
they exhibited an evident improvement in translation quality from the Short to the
Standard condition, they failed to make further improvement in the Free condition.

Although the interaction effect between Condition and Group on translation quality
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score was not statistically significant, this difference in tendencies that emerged for the
two groups was compelling. Thus, H10 was especially corroborated by the group of
experienced translators and was corroborated by novice translators when comparing the
most time-constrained (Short) and the less time-constrained (Standard and Free)
conditions. Secondly, experienced translators achieved significantly higher translation

quality in each time condition than novice translators. Thus, H11 was fully corroborated.

6.4 The role of cognitive load

This section sets out to address RQ5 and the corresponding hypotheses as listed below.
It looks into the indicators of extraneous load (section 6.4.1) firstly and then determines
the indicators of the overall cognitive load based on CLT (section 6.4.2). The effects of
time condition and experience on germane load are examined in section 6.4.3. Based
on these results, other behavioural metrics are explored in relation to overall cognitive

load, germane load and translation quality (section 6.4.4).

RQ5: Within the framework of Cognitive Load Theory, how does time condition affect
participants’ overall cognitive load, germane load and the way in which germane load

influences translation performance?

H12. The stringency of time condition would proportionately exacerbate the

overall cognitive load.

H13. The effect of time condition on germane load would be similar to its effect
on translation quality for the two groups of participants.

H14: The stringency of time condition could modulate the way germane load

influences translation quality.

6.4.1 Intrinsic and extraneous load

As mentioned in section 5.2, the difficulty levels of the three source materials are
comparable. This was confirmed by the results obtained from the dimension of Mental
Demand in the NASA TLX questionnaire (Table 6-20). Both Condition and Group were
not statistically significant in affecting participants’ perception of Mental Demand,

which indicated a comparable complexity of the tasks. Thus, it can be assumed that the
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intrinsic load of the three tasks was consistent for the two groups of participants.

Table 6-20. Type 11l ANOVA table of the LMER model of Mental Demand

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.
Mental Demand  Condition 137.08 68.54 2 126 0.49 0.612
Group 6.18 6.18 1 63 0.04 0.834
Condition:Group  2.20 1.10 2 126 0.01 0.992

In the present study, the variation of extraneous load mainly originated from the
variation of time pressure induced by the three manipulated time conditions because all
the other experimental conditions in each task were constant. Therefore, the psycho-
physiological measures which corroborated H1 (see section 6.1) could be taken as time
pressure indicators and thus may represent the extraneous load. Another essential
property of extraneous load is its destructive effect on, or negative relation with
performance (translation quality), based on Cognitive Load Theory. With these two
preconditions, i.e., successful time pressure indicators and of negative correlation with
translation quality, the indicators of extraneous load can be determined.

The repeated measures correlations between translation quality and each of the
psycho-physiological measures which indicated time pressure (i.e., State Anxiety,
Stress, Temporal Demand, HR, BP, and pupil size) were examined. The results showed
that although all the time pressure indicators showed negative correlations with
translation quality, the two measures of Stress (r=-0.27, p=.002) and Temporal Demand
(r=-0.33, p<.001) demonstrated the most prominent negative correlations with
translation quality compared with other measures. Thus, self-reported Stress and
Temporal Demand were considered as indicators of extraneous load in the following

analysis.

6.4.2 Overall cognitive load

As mentioned in Chapter 3, possible indicators of overall cognitive load could be
filtered from the indicators of effort (which refers to the problem-based coping and
active regulatory activity of changing the cognitive state). These indicators include self-
reported Effort in the NASA TLX questionnaire, the behaviour-based measures of
PWR and MFD, and the physiological measures of GSR and HRV. The results of how
Condition and Group affected the self-reported and behaviour-based measures are
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presented in Table 6-21.

Table 6-21. Type 111 ANOVA table of the LMER models of Effort, PWR and MFD

Measure  Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.
Effort Condition 695.28 347.64 2 126 3.90 0.023 *
Group 110.17 110.17 1 63 1.24 0.270
Condition:Group  533.74 266.87 2 126 2.99 0.054
PWR Condition 2.60E-02 1.30E-02 2 126 5.60 0.005 faled
Group 247E-03 247E-03 1 63 1.07 0.306
Condition:Group  8.88E-03  4.44E-03 2 126 1.91 0.152
MFD Condition 5.43E-05 2.72E-05 2 108 0.16 0.852
Group 2.89E-06 2.89E-06 1 54 0.02 0.897
Condition:Group  4.93E-04 2.46E-04 2 108 1.46 0.237
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Figure 6-18. Effects of Condition and Group on Effort, PWR and MFD

The effects of Condition and Group on MFD were not prominent, as shown by the

results. However, Condition significantly affected the measures of Effort and PWR. In
the follow-up pairwise tests, the Short-Standard (t(126)=-2.53, p=.038) and Standard-

Free (t(126)=2.98, p=.011) contrasts in Effort were statistically significant for novice

translators, while no contrast was statistically significant for experienced translators.

Similarly, the Short-Standard contrast in PWR was prominent for novice translators

(t(126)=-3.54, p=.002), whereas no contrast was prominent for experienced translators.

This meant that the effect of Condition was more remarkable on novices than on

experienced translators in self-reported Effort and PWR.

The variation tendencies of Effort and PWR modulated by Condition and Group
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were similar (Figure 6-18), and such a pattern of variation across the three time
conditions displayed by the two groups conformed with the pattern exhibited by the
indices of GSR and HRV (see section 6.1). In this consistent pattern displayed by these
measures (i.e., Effort, PWR, GSR and HRV), novice translators tended to have a
remarkably higher effort level in the Standard condition than in the other two conditions,
while experienced translators were affected little by time condition in these measures.
In order to identify concrete measures of overall cognitive load, the repeated
measures correlation tests among these measures of effort were carried out (Table 6-
22). It showed that GSR Mean was significantly (but weakly) correlated with PWR and
RMSSD, respectively!’. Consequently, these three measures/indices were taken as
possible indicators of overall cognitive load and were further testified in the following

analysis based on the assumptions of CLT.

Table 6-22. Repeated measures correlation coefficients among the effort indicators

1. 2. 3. 4. 5. 6. 7. 8. 9.
1. Effort 1
2. PWR 0.11 1
3. MFD -0.01 0.16. 1
4. GSR Mean 0.05 022 -009 1

5. SCR Amplitude 0.12 0.13 -0.15  0.76*** 1
6. SCR Frequency 0.01 0.17. -0.01  0.45***  0.60*** 1

7. RMSSD -0.11 -0.14 -0.11  -0.21* -0.18. -006 1
8. SDNN -0.11 -0.11 -0.11  -0.19. -0.14 -0.05 0.93*** 1
9. PNN50 -0.17.  -0.17.  -0.07  -0.19. -0.15 -0.03  0.89***  0.78*** 1

The sum of the intrinsic and germane load can be determined by subtracting the z
score of extraneous load (represented by one of the extraneous load indicators, i.e.,
Stress and Temporal Demand) from the z score of overall cognitive load (represented
by one of the candidates identified above, i.e., PWR, GSR Mean and RMSSD), as

shown in the following formula:

Zintrinsic+germane load = Zoverall cognitive load — Zextraneous load

If Zintrinsic+germane 1oad 1S pOSitively correlated with translation quality, it can be
considered that the germane load derived from this approach positively correlates with
translation quality, as the intrinsic load is consistent for the three tasks. In this way, the

overall cognitive load indicators can be further determined by assessing the correlation

7 Indices of GSR or HRV (e.g., RMSSD and SDNN) are inherently correlated. Thus, those strong and
significant correlations between GSR indices and between HRV indices are not taken into consideration.
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between Zintrinsic+germane load @nd translation quality. The results of the repeated measures
correlation tests (with different combinations of extraneous load and effort indicators)

are presented in Table 6-23.

Table 6-23. Repeated measures correlation coefficients between Zintrinsic+germane load @nd
Quality with Zintrinsic+germane load D€INg calculated by different combinations of overall

cognitive load and extraneous load indicators

Overall cognitive load Extraneous load Correlation coefficients between Zininsic+germane 1oad and Quality
PWR Temporal Demand 0.27**
Stress 0.23*
GSR Mean Temporal Demand 0.22*
Stress 0.14
RMSSD Temporal Demand 0.24**
Stress 0.17*

With the overall cognitive load represented by the three candidates, i.e., PWR, GSR
Mean and RMSSD, Zintrinsic+germane load Was positively and significantly correlated with
translation quality for at least one of the combinations when either Temporal Demand
or Stress represented extraneous load. This meant that the three tested indicators of
overall cognitive load were valid based on the assumption of CLT (i.e., positive relation
between germane load and performance). Particularly, when extraneous load was
represented by Temporal Demand, its combinations with all the three overall cognitive
load indicators demonstrated significant correlations between Zintrinsic+germane load and
translation quality. Thus, to present the results more efficiently, Temporal Demand was
taken as the representative measure for extraneous load in the following analysis and
discussion.

Valid measures of overall cognitive load (PWR, GSR Mean and RMSSD) are thus
determined now. As shown by the results obtained from the measures of PWR, GSR
Mean and RMSSD regarding the effects of Condition and Group, H12 (The stringency
of time condition would proportionately exacerbate the overall cognitive load.) was not
corroborated because the effect of Condition on these measures did not show a linear
pattern for novice translators and was not statistically significant for experienced

translators.

6.4.3 Germane load

The effects of Condition and Group on germane load can thus be examined based on
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their influence on Zintrinsic+germane 10ad (IGL). Since Temporal Demand (TD) has been
determined as a representative measure for extraneous load, there are three
combinations of overall cognitive load and extraneous load to calculate or denote
Zintrinsic+germane load, 1.., Zpwr - Z1Dp (IGL_PWRTD), Zgsr mean - Z10 (IGL_GSRTD) and
Zrwmssp - Zto (IGL_RMSSDTD). Table 6-24 below presents the results. It shows that
there was an interaction effect between Condition and Group on Zintrinsic+germane load When
the overall cognitive load was represented by PWR and GSR Mean, indicating that the
variation tendency of these measures across time conditions can be different for the two

groups.

Table 6-24. Type 11l ANOVA table of the LMER models of IGL_PWRTD,
IGL_GSRTD and IGL_RMSSDTD

Measure Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.
IGL_PWRTD Condition 94.624 47.31 2 126 91.24 <.001 Fx
Group 1.518 1.52 1 63 2.93 0.092
Condition:Group ~ 3.303 1.65 2 126 3.19 0.045 *
IGL_GSRTD Condition 69.039 34,52 2 126 78.83 <.001 il
Group 0.43 0.43 1 63 0.98 0.326
Condition:Group ~ 3.103 1.55 2 126 3.54 0.032 *
IGL_RMSSDTD  Condition 59.212 29.61 2 126 43.35 <.001 ekl
Group 0.081 0.08 1 63 0.12 0.732
Condition:Group  2.289 1.14 2 126 1.68 0.191

Figure 6-19 below visualises the variations of Zintrinsic+germane load Calculated with
different indicators of overall cognitive load. Generally, the variations of germane load
showed a consistent pattern in these measures: experienced translators managed to
increase their germane load with the time stringency being alleviated; novice translators
could increase their germane load from the Short condition to the Standard condition,
but not from the Standard to the Free condition. The gradual increments of
Zintrinsic+germane load Trom the Short to the Standard condition and from the Standard to the
Free condition for experienced translators were statistically significant in all the three
measures. However, for novice translators, only the Short-Standard contrast was
prominent in the three measures, and the difference between the Standard and Free
conditions was minor.

Such a pattern exhibited by the two groups of participants was consistent with the
pattern shown by translation quality regarding the effect of Condition on the two groups

of participants (in section 6.3.2). Thus, H13 (The effect of time condition on germane
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load would be similar to its effect on translation quality for the two groups of

participants.) was corroborated.
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Figure 6-19. Effects of Condition and Group on IGL_PWRTD, IGL_GSRTD and
IGL_RMSSDTD

To examine whether time condition modulated the way in which germane load
influenced translation quality (H14), a three-way analysis was carried out to examine
the effects of three predictors, Condition, Group and Zintrinsic+germane load, 0N the dependent
variable, which is translation quality. Three possible Zintrinsic+tgermane load, I.€.,
IGL_PWRTD, IGL_GSRTD and IGL_RMSSDTD, were tested in the models (Table
6-25). If time condition modulates the effect of germane load on translation quality, an
interaction effect between Condition and Zintrinsic+germane load, OF among Condition, Group
and Zintrinsic+germane load Should be significant in the models.

It was found that the measure of IGL_PWRTD demonstrated a significant
interaction effect with Condition. This meant that time condition modulated the way in
which germane load (represented by IGL_PWRTD) affected translation quality. Figure
6-20 illustrates the effects.
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Table 6-25. Type 111 ANOVA table of the LMER models of Quality with fixed
effects of Condition, Group and Zintrinsic+Germane represented by IGL_PWRTD,

IGL_GSRTD and IGL_RMSSDTD

Measure  Fixed effects SumSg. MeanSg. NumDF DenDF Fvalue pvalue Sig.
Quality Condition 868.86 434.43 2 135.14 5.05 0.008 *x
Group 117892  1178.92 1 62.75 13.70 <.001 Foxk
IGL_PWRTD 5.12 5.12 1 164.11  0.06 0.807
Condition:Group 170.76 85.38 2 13514  0.99 0.373
Condition:IGL_PWRTD 960.96 480.48 2 120.75 5.59 0.005 *x
Group:IGL_PWRTD 40.33 40.33 1 164.11 047 0.495
Condition:Group:IGL_PWRTD 342.14 171.07 2 120.75  1.99 0.141
Quality  Condition 1285.16  642.58 2 14556  7.03 0.001 ol
Group 1829.47  1829.47 1 72.84 20.03 <.001 Fx
IGL_GSRTD 53.41 53.41 1 168.27 0.58 0.446
Condition:Group 790.61 395.3 2 14556  4.33 0.015 *
Condition:IGL_GSRTD 122.1 61.05 2 133.69 0.67 0.514
Group:IGL_GSRTD 178.8 178.8 1 168.27 1.96 0.164
Condition:Group:IGL_GSRTD 185.64 92.82 2 133.69 1.02 0.365
Quality  Condition 1249.6 624.8 2 13323 6.75 0.002 *x
Group 1380.69  1380.69 1 67.61 14.91 <.001 Hxk
IGL_RMSSDTD 0.71 0.71 1 181.78 0.01 0.930
Condition:Group 253.27 126.64 2 13323 1.37 0.258
Condition:IGL_RMSSDTD 478.45 239.23 2 13199 258 0.079
Group:IGL_RMSSDTD 91.79 91.79 1 181.78  0.99 0.321
Condition:Group:IGL_RMSSDTD  216.6 108.3 2 13199 117 0.314
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Figure 6-20. Effects of Condition, Group and IGL_PWRTD on Quality

Generally, the effect of germane load on translation quality for experienced

translators was not modulated much by time condition. However, germane load showed

different effects on translation quality in different time conditions for novice translators:
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in the Short condition, germane load positively fostered performance; in the Standard
condition, its function was not apparent; but in the Free condition, it acted destructively
on performance. This result provided evidence that the free-of-deadline condition may
undermine the facilitative effect of germane load on the performance of novice
translators. Thus, H14 (The stringency of time condition could modulate the way
germane load influences translation quality.) was corroborated with the measure of

IGL_PWRTD and for the group of novice translators.

6.4.4 Behavioural metrics, cognitive load, and translation quality

To further explore whether translation behaviours had specific correlations with overall
cognitive load, germane load, or translation quality, five behavioural metrics (total LP
count, LP count in the end revision phase, SG length measured by TU number, end
revision duration, and deletions in the end revision phase) from the previous analyses
were examined. These metrics shared an effect of time condition (showing either the
same or opposite tendency) similar to the pattern displayed by either the overall
cognitive load or germane load.

Table 6-26 below presents the repeated measures correlation coefficients of these
behavioural metrics with the overall cognitive load indicators, the germane load
measures (Zintrinsic+germane load), and translation quality. The correlations between PWR
related measures and total LP count/SG length (measured by TU count) were
considered not applicable since they were inherently correlated based on their
calculation formulas (PWR = LP count =TU count; SG length = TU count +SG count;
LP count = SG count). The results showed that the metrics of total LP count and LP
count in the end revision phase were weakly correlated with GSR Mean. More
importantly, all the five behavioural metrics under examination demonstrated moderate
or mild correlations with the germane load measures. This indicated that these
behavioural metrics were possibly associated with germane load in translation. That is,
more LPs, shorter SGs, a longer end revision phase, and more end revision behaviours
might signal a higher germane load in translation. In addition, all the behavioural
metrics were statistically significantly but mildly correlated with translation quality
except for the number of deletions in the end revision phase. Hence, these metrics might
be of particular interest in gauging the germane load levels in translation and thus might

be indicative of translation quality based on these results.
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Table 6-26. Repeated measures correlation coefficients between the behavioural

metrics and the overall cognitive load measures, Zintrinsic+germane load indicators and

Quality

Measure Total LP LP count (end SG length End revision End revision
count revision) (TU count)  duration deletions
Overall PWR N/A N/A N/A 0.07 0.09
cognitive load GSR Mean 0.17* 0.27** 0.02 0.13 0.07
RMSSD -0.05 0.00 0.10 0.06 0.07
Zinwinsic+Germane IGL_PWRTD N/A N/A N/A 0.40*** 0.34%**
IGL_GSRTD 0.43*** 0.47%** -0.27** 0.47*** 0.37***
IGL_RMSSDTD 0.35*** 0.31*** -0.32%** 0.35%** 0.28**
Quality 0.19* 0.21* -0.21* 0.30*** 0.14

6.4.6 Summary of RQ5

This section determines the measures of overall cognitive load and germane load based
on the framework of CLT. The effects of time condition and experience on participants’
overall cognitive load and germane load are thus examined. Firstly, it was found, based
on the verified measures (PWR, GSR Mean and RMSSD) of overall cognitive load,
that the stringency of time condition did not constantly exacerbate the overall cognitive
load, and thus H12 was not corroborated. This might be caused by the trade-off effect
between extraneous load and germane load in different time conditions. Secondly, the
stringency of time condition did influence germane load in the same way as it
influenced translation quality for both groups, which corroborated H13. Thirdly, time
condition modulated the effect of germane load (represented by IGL_PWRTD) on
translation quality for novice translators in that the facilitative function of germane load
was crippled in the Free condition. This result corroborated H14, but only partially,
since such an effect of time condition was not visible on experienced translators.

Generally, this section identified relatively reliable indicators of extraneous load
and overall cognitive load, based on which the indicators of germane load
(Zintrinsic+germane 10ad) Were generated. In addition, it was found that several behavioural
metrics, i.e., LP count, LP count in the end revision phase, SG length measured by TU
number, end revision duration and deletions in the end revision phase, were
prominently related to the level of germane load exerted during translation and might
be indicative of translation quality.
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This chapter provides a thorough discussion of all the results obtained from the
translation experiments under the three time conditions completed by the two groups
of participants. The effects of time pressure and translators’ professional experience on
the translation process, the translation product and the psycho-physiological responses
are examined wherever possible to reveal the mechanisms underpinning the observable
phenomena. The implications of the findings from the psycho-physiological (section
7.1), behavioural-cognitive (section 7.2 — 7.5) and performance (section 7.6) aspects
are discussed in the context of the aims and research questions proposed in the

investigation.

7.1 Psycho-physiological changes associated with time pressure

When the participants were translating with more stringent time constraints, they
reported significantly higher perceived time pressure (Temporal Demand), Stress and
State Anxiety. Both groups of participants exhibited the same trend in terms of these
psychological measures, with little group difference captured in each time condition. It
was also found that Trait Anxiety did not modulate the role time condition played in
affecting State Anxiety. In general terms, this implies that participants with both lower
and higher Trait Anxiety tended to experience significantly elevated State Anxiety
when they were confronted with a stringent time constraint during a translation task.

These results provide empirical evidence that tight deadlines (along with the
subjective time pressure manipulation strategies applied in the study) can lead to a
series of changes in translators’ psychological experience, no matter whether they are
novice or experienced translators. The strong correlations among the three
psychological measures (shown in section 6.1.3) further prove that the (perceived)
shortage of time in handling the task demands could elicit subjective feelings of time
pressure, stress and anxiety.

Furthermore, the results suggest that there was little difference between novice and
experienced translators in regulating the relatively negative emotions (as reflected in
the self-reported feelings of time pressure, stress and anxiety) under the most stringent
time condition. However, experienced translators reported slightly lower perceived
time pressure (Temporal Demand) and Stress than novice translators in the less time-
pressured conditions. As such, it is possible that the supposed superior capability of

emotion regulation and stress management of experienced translators (e.g., Hubscher-



Chapter 7 Discussion 169

Davidson, 2016) diminished under the extremely stressed conditions.

Meanwhile, these results appear to support the argument that an intrinsic part of
the emotional experience is the subjective feeling associated with it (Minkel & Phillips,
2015). The self-reported question on Stress, Temporal Demand and the State-Trait
Anxiety Instrument have been proven to be valid psychometric instruments for time
pressure measurement in translation. However, despite their adequacy together in
signalling time pressure in the present study, Slavich et al. (2019, p. 409) suggested the
inherent limitation of the subjective measures: they can easily be affected by a
“cognitive bias and social desirability”. Thus, it is understandable that participants
tended to focus their consciousness on perceptible changes in either their stress level or
anxiety in response to the overtly manipulated time constraints.

As indicated by most biomarkers under study, it is not surprising that participants
were more nervous at the beginning of each experiment (Baseline 1), but they recovered
to reach a much more relaxed state at the end of each experiment (Baseline 2) after the
completion of all the tasks. Some of the biomarkers suggested that participants’ arousal
level in Baseline 1 was approximate to or higher than that in the most stringently time-
constrained task, although they were told to be relaxed during the baseline session. Thus,
the Baseline 1 session may not reflect a real “baseline” state with regard to the
participants’ physiological responses.

The variations in the biomarkers across different time conditions indicate that
participants tended to have significantly elevated blood pressure, faster heartbeat and
dilated pupils when time pressure was getting more intense. The findings on HR and
BP are partly in line with Korpal’s (2016) study in which HR reflected stress levels in
interpreting activities but systolic and diastolic blood pressure did not. Korpal (2016)
indicated that this may be caused by the fact that hypertension has been recognised as
a marker of chronic stress rather than the momentary experience of stress. The present
study demonstrated a statistically significant effect of time condition on HR, SBP, DBP
and MAP, all of which were moderately or mildly correlated with Temporal Demand.
SBP was also mildly correlated with Stress and State Anxiety. These findings suggest
that both HR and BP reflected the situational time pressure or stress level to a
considerable degree in written translation.

The group difference in HR and BP was not prominent in the task sessions.
However, an obvious contrast in HR between the two groups was observed in the
baseline sessions in which the HR values of experienced translators were statistically
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significantly lower than that of the novice translators. This difference could be caused
by their age difference: the novice translators were around six years younger than the
experienced translators on average. The reduced group difference in the task sessions
indicated a tendency of convergence of the two groups in this biomarker. That is, the
translation task demands, regulated by different levels of time pressure, made their
physiological response in HR converge to a comparable level, varying in a similar trend
across time conditions, with their original group difference (i.e., shown in the baseline
values) receding.

Pupil size was also found to be significantly affected by time condition and
moderately or weakly correlated with HR, SBP and Temporal Demand. Since pupil
dilation has been frequently mentioned and used as an indicator of effort/cognitive load
during a cognitively demanding task (Hvelplund, 2011; Paas, Tuovinen, et al., 2003;
Seeber, 2013), this visible conformity with the pattern signifying time pressure and
stress may entail some caution for future studies to interpret the underlying origin of
dilated pupils. To be specific, stress could be a confounder when pupil dilation is taken
as an indicator of cognitive load because the stress-related factors (such as time pressure
in this case) may prevail over the load representing cognitive processing in this measure.
Skin temperature failed to capture any significant effect of time condition or experience
in this study. A possible reason could be that this measure is easily influenced by the
physical environment in direct contact with the skin surface, which makes it not
sufficiently sensitive to detect the variation of arousal innervated by the change of time
pressure.

The main effect of time condition on the indices of GSR and HRV was not
prominent, while a group difference was captured in SCR Amplitude, with novices
having significantly higher values than experienced translators. Moreover, an
interaction effect of time condition and experience was shown in GSR Mean and SCR
Frequency. Novice translators exhibited an inverted “U-shaped” relation between time
stringency and the arousal state represented by GSR and HRV, while experienced
translators displayed a tendency without a wide variation across time conditions in these
measures. Interestingly, although only two indices of GSR pronounced such a
significant interaction effect, all the other GSR and HRV indices conformed with this
pattern, which was also visible in other indicators of effort such as PWR and self-
reported Effort. It was also found that the indices of GSR and HRV were mostly inter-
correlated and some of them (e.g., GSR Mean, SCR Frequency and PNN50) were
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weakly correlated with PWR and self-reported Effort.

This evidence points to the connection between such physiological measures and
effort. That is, GSR and HRV might mirror more of the intensity of cognitive processing
under different time conditions, and they were thus taken as physiological indicators of
effort/overall cognitive load in the present study. In this regard, these results confirm
that, apart from the stress-related origin, changes in cognitive functioning are also
reflected by the physiological arousal, as has been verified in a variety of behavioural
studies (e.g., Luque-Casado et al., 2016; Nourbakhsh et al., 2017).

To sum up, the biomarkers of HR, BP and pupil size, together with the
psychological measures of Temporal Demand, Stress and State Anxiety, were verified
as time pressure measures. These measures corroborated H1 in that they varied in
accordance with the stringency of time condition showing a consistent tendency for the
two groups of participants. These results were also in line with the preliminary analysis
(Weng et al., in press) of the psycho-physiological responses of all the student
participants. This means that when the sample size was enlarged (from 45 to 65
participants) and when participants’ experience was taken into account in the present
analysis, there was no obvious difference. Most of these measures also correlated with
each other which further consolidated their convergence in reflecting the time pressure
levels.

In addition, GSR and HRV featured a different pattern which conformed to that
shown by the behavioural and self-reported indicators of effort/overall cognitive load.
Thus, GSR and HRV were identified as physiological indicators of effort/overall
cognitive load. The main effect of Group was not prominent in most of these psycho-
physiological responses, despite the fact that the pattern of GSR and HRV modulated
by time condition exhibited by novices was different from that exhibited by experienced
translators. Also, novices did not have stronger psycho-physiological responses than
experienced translators when the time condition was becoming increasingly stringent.
Based on these findings, the first aim of this study, which is about determining the
measures of time pressure in translation and revealing group difference in the psycho-

physiological effects of time pressure on translators has been achieved.

7.2 Translation-related behavioural effects

7.2.1 Automaticity at the micro- and macro-level
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Automatic processes are fast, effortless and could occur in parallel with other processes
(Logan, 1997; Segalowitz & Hulstijn, 2005). The present study examined these aspects
at the micro-level of the translation process using a range of elaborate behavioural
metrics. Most metrics from the aspects of processing speed, parallel processing degree
and average TU effort supported the hypothesis (H4) that time pressure can enhance
automaticity during the translation process. With time condition getting more stringent,
participants generally accelerated the processing with more keystrokes produced per
minute, and shorter intervals between and within TUs (IbTUs and IwTUs); the
participants, especially experienced translators, also increased their parallel processing
degree with a higher proportion of attention devoted to ST comprehension during the
course of producing a TU; the effort measured by time devoted to each individual TU
was reduced in the time-constrained tasks.

However, not all the behavioural metrics under study displayed a fully uniform
tendency as predicted in H4. For example, while the production speed of novice
translators reached a relatively high level in the Short condition, they had a comparable
speed in keystroke production in the Standard and Free conditions. This indicates that
only the most time-pressured condition significantly accelerated the production as a
whole; the moderate time constraint did not function as expected to speed up the
production compared with the condition without a deadline in terms of keystrokes per
minute during the whole translation process. It is possible that novice translators had a
high processing speed at the beginning part of the task in which they worked towards
the deadline of the Standard condition; but as the deadline was not tight, they had a
sufficiently long end revision phase (which is confirmed by the results of the end
revision duration) before the deadline; this renders a slow production speed in the later
part of the whole process. A trade-off effect may thus be elicited leading to a
considerably slowed-down production speed as a whole in this condition. Such an effect,
however, did not appear in experienced translators as they had a gradually reduced
production speed with the time stringency getting more relaxed.

Another slight discrepancy to the tendency predicted in H4 appears at the Short
and Standard condition for experienced translators in the metric of IwTU: the value of
this metric in the Short session was higher than that in the Standard session. Although
this discrepancy was not prominent, it is worth noticing. A possible reason for this could
be that under the most stringent time condition, more intensive mental processing (e.g.,

problem solving activities) may occur when the experienced translators were typing the
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TUs, resulting from more intensive parallel processing. This could essentially slow
down the typing speed inside the TUs, leading to slightly longer within-TU intervals.
In contrast, in the Standard condition, when time pressure was much alleviated, the
intensive mental processing (e.g., problem solving activities) was more likely to occur
at the intervals in between the TUs leaving the typing process less intervened. Such a
sequential processing could essentially shorten the within-TU intervals leading to an
accelerated typing process inside the TUs. In the Free condition, both the within-TU
and between-TU intervals were lengthened, and such a lengthened within-TU interval
was clearly not associated with increased parallel processing as that observed in the
Short condition. Rather, it was a result of the slowdown of the overall processing speed.

This interpretation certainly comes with the prerequisite that experienced
translators’ mental processing in the Short condition was intensive to the extent that not
only the pausing, but also the typing process had been filled with such mental
processing activities. In this regard, the slightly prolonged within-TU intervals for
experienced translators in the most time-pressured condition could be a signal for their
enhanced parallel processing as well. Novice translators, on the other hand, may not be
able to reach the high degree of parallel processing as the experienced translators do
under the most time-pressured condition. Evidence from the metrics that were used to
depict the degree of parallel processing in the analysis, i.e., ST fixation duration
percentage in TU and ST-TT fixation ratio in TU (section 6.2.1.2), echoes this finding
in that experienced translators possessed a higher proportion of ST fixation when typing
the TUs than novice translators in the Short condition.

The results of parallel processing degree also suggest that time pressure especially
improved experienced translators’ rather than novices’ level of parallel processing. This
provides an indication that novice translators generally possessed a lower capability of
parallel processing than experienced translators; thus, novice translators had a lower
flexibility in leveraging such a capability, making it less affected by the externally
imposed time pressure.

In addition to faster processing speed and higher degree of parallel processing,
another aspect of automaticity at the micro-level is effortlessness, or lower effort spent
on each individual processing unit (i.e., TU). This feature was examined in two relevant
metrics, i.e., TU time and TU fixation. It was found that time pressure and experience
did not affect TU effort measured by fixation. This means that experienced and novice
translators generally allocated a comparable amount of visual attention to each
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individual TU across the three time conditions. However, time pressure made a
difference in the average time consumed by each TU, and it was the presence/absence
of a deadline that made this difference. Both groups of participants evidently prolonged
the average time spent on an individual TU when the task changed from the one with a
deadline (i.e., Short or Standard condition) to the one without a deadline (i.e., Free
condition). Furthermore, time condition did not affect the number of keystrokes in an
individual TU for both groups which indicates that such habitual typing behaviours (i.e.,
the number of Chinese characters they are used to producing in a TU) cannot be easily
affected by time condition. These results thus reflect a behavioural effect of deadline in
translation. That is, a deadline could significantly reduce the time spent on the
production of a TU (on the condition that the keystroke count in a TU is not reduced),
but how tight the deadline is appears to be nonessential.

At the macro-level of automaticity, concerning the basic processes of ST
comprehension and TT production in translation activities, the results from the metrics
of ST/TT fixation distribution showed that experienced translators tended to pay
significantly more attention to TT production than to ST comprehension. In contrast,
novices allocated relatively comparable proportions of attention to ST comprehension
and TT production. Time pressure did not modulate such a pattern of attention
distribution which made it a marked feature as a group difference. Such a finding echoes
Hvelplund’s (2016, p. 11) study which also found that experienced translators tended
to economise on time and effort on ST processing and only allocate as many resources
to ST processing as was necessary to arrive at a reasonable understanding of the text.

Based on the automaticity theory in reading fluency (Samuels, 2006, 2013),
reading is a two-step decoding-comprehension process. Since comprehension can only
be achieved on the basis of decoding, reading can become more fluent when the
decoding process becomes automatic which requires little attention, leaving more
attention to the comprehension process. Similarly, in a translation activity where the
process of TT production is fundamentally based on ST comprehension, if ST
comprehension requires considerably fewer resources as a more automatic process,
then more resources can be devoted to TT production. The results from the present
study suggest that experienced translators invested many fewer resources to ST
comprehension than to TT production, which signals a more automatic ST
comprehension process in translation. Novice translators, however, devoted substantial

amounts of resources to ST comprehension which almost approximated that devoted to
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TT production. Correspondingly, this signals a less automatic ST comprehension
process, leaving fewer resources for TT production as a result. In this regard,
experienced translators demonstrated a higher automaticity level than novice translators
reflected by their ST/TT attention allocation patterns.

Since time pressure did not make a difference in the participants’ pattern of
attention allocation, the prediction that time pressure can enhance automaticity from
the aspect of attention allocation was rejected. The results obtained in the present study
are also not fully in line with the findings in Sharmin et al. (2008) and Hvelplund (2011)
which discovered that time pressure mainly affected translators’ attention distributed to
ST comprehension but did not affect their attention distributed to TT production.
Although not statistically significant, the present study showed that participants tended
to increase the proportion of attention on ST comprehension and decrease the
proportion of attention on TT production when time pressure became more intense.
This tendency generally means that it is easier for them to adapt the production process
of the target text than to adapt their reading-for-comprehension under time pressure. As
mentioned, since the process of TT production is essentially based on ST
comprehension in translation, the results indicate that the amounts of resources required
by ST comprehension could be less compressible under intense time pressure. In
addition, this inconformity of the current results with the findings in previous studies
also implies a difference in processing the English-Chinese translation from other
language pairs. Nevertheless, as the effect of time condition on attention allocation
demonstrated in the current study was not statistically significant, further validations in
the future would be needed.

There is a wide consensus that repeated practice and experience are central to the
automatization process and automaticity is central to the acquisition of expertise (e.g.,
Anderson, 2009). As practice continues, accuracy increases and the need for attention
decreases (Samuels & Flor, 1997). Thus, it is not surprising to find that experienced
translators displayed a higher automaticity level in ST comprehension leading to an
overall more production-oriented attention allocation pattern at the macro-level as a
result of their repeated practice. A highly automated (ST comprehension) process
during translation has been embedded in their translation competence over time.
Deckert (2017) highlighted the difficulty to overcome automaticity in terms of its effect
on translation output. Similarly, time pressure failed to affect automaticity at the macro-
level in the present study; this supplies further evidence for the robustness of
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automaticity from the perspective of attention allocation in translation.

On the other hand, when considering each of the properties of automaticity
separately, i.e., at the micro-level, time pressure played a part. Time pressure could
accelerate the processing of mental activities and may engender filtering of low-priority
categories of information (Miller, 1960; Maule & Hockey, 1993). Acceleration, or fast
speed features one of the most important properties of automaticity. Generally,
acceleration to a great extent gave rise to a higher parallel processing degree (for
experienced translators) given the speeded-up working condition. There was also a
reduction of time spent on each individual processing unit on average, possibly with
the use of the filtering strategy (Miller, 1960) when processing under intense time
pressure. Such micro-level evidence asserts the potential of time pressure as a
facilitative factor for automaticity.

Overall, in response to RQ2, the behavioural metrics show that time pressure
generally gave rise to more automated translation processing as evidenced from three
aspects: faster processing speed, deeper parallel processing and less effort (measured
by time) in each processing unit. These aspects represent the properties of automaticity
at the micro-level. It was found that translators’ professional experience mainly affected
automaticity at the macro-level — experienced translators devoted a higher proportion
of attention to TT production than to ST comprehension, as a result of their more
automated ST comprehension process. Thus, it turns out that time pressure could
enhance the automaticity level of the translators at the micro-level rather than the
macro-level. This might result from the fact that automaticity at the macro-level is a
part of the translators’ core competence which can only be improved through repeated

practice, but can rarely be affected by externally imposed cues.

7.2.2 Patterns of macro- and micro-strategy behaviours

The analyses of pausing behaviours suggest that novice translators took longer pauses
(i.e., SPs, MPs and LPs) than experienced translators, although this group difference
was not statistically significant. In addition, novice translators had more SPs and MPs
but fewer LPs than experienced translators regardless of the time conditions. Based on
previous studies (e.g., Hansen & Hé&nig, 2000; Hansen, 2002b; Jensen & Jakobsen,
2000), long pauses in translation can basically be taken as signals of macro-strategy

behaviours such as problem-solving or planning activities, while SPs/MPs mainly
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signify micro-strategy behaviours such as mechanical and monitoring activities. The
results thus reveal that novices tended to maintain a rhythm that featured a slower pace
of production with longer pauses and more micro-strategy behaviours (i.e., more
SP/MPs) during the process. Experienced translators, on the other hand, were more
likely to have a rhythm that featured a faster pace of production with shorter pauses and
more intensive problem-solving/planning activities or macro-strategy behaviours (i.e.,
more LPs) during the process. As indicated by Hansen and H&nig (2000), the use of
more macro-strategy behaviours (such as taking a long orientation pause) could be
conducive to developing the ability to render the product more spontaneously and
automatically. Such an ability was observed in experienced translators who took more
LPs and meanwhile, maintained faster production speed in the present study.

For the effect of time pressure, it is not a surprise that the more time that was
allocated to a task, the more and the longer the pauses the participants tended to make,
which corroborated H6. In other words, both novice and experienced translators
reduced the number and length of the three types of pauses to respond to intense time
pressure. Still, a noticeable difference was captured between novice and experienced
translators on the tendency of LP count modulated by time condition. It showed that
experienced translators managed to adjust their processing style with continuously
increased number of LPs (i.e., problem-solving/planning activities) when time pressure
diminished. However, novice translators had almost the same number of LPs in the Free
condition as in the Standard condition. Considering that the average time consumed in
the Free condition by novice translators (22.77 minutes) was close to that of the
experienced translators (22.62 minutes), such a stagnation of LP increase for novices
in the Free condition could not result from the shortened timeframe they had taken.

Further analysis on the distribution of LPs in the drafting and end revision phases
revealed that while experienced translators maintained almost comparable LPs in the
drafting phase across the three time conditions, they gradually increased LPs in the end
revision phase with the alleviation of time pressure. Novice translators increased LPs
in both the drafting and revision phases when the time condition changed from the Short
to the Standard condition, but they reduced LPs in the end revision phase in the Free
condition. As such, it appears that unlike the experienced translators, the Free condition
did not provoke novice translators to make use of time on more macro-strategy
behaviours especially in the end revision phase — the amount of their macro-strategy
behaviours in the end revision phase reached the maximum in the Standard condition
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and reduced in the Free condition. Instead, they stayed with the processing style with
more micro-strategy behaviours in the end revision phase when time pressure
diminished. Such a difference in patterns of macro- and micro-strategy behaviours
displayed by the two groups of participants could also be associated with automaticity.
As mentioned before, macro-strategy behaviours are conducive to more automatic
processing (Hansen & Hanig, 2000), which echoes the argument that characteristic
processes such as planning could facilitate automaticity (Gass et al., 2013). Deficient
macro-strategy behaviours (e.g., long pauses for planning) could be a contributing
factor to the lower level of automaticity for novice translators.

The analyses on segment length suggest that experienced translators tended to have
shorter segments than novice translators no matter what the time condition was. Also,
the length of segments (measured by time and TU number) was affected little by time
pressure for experienced translators. Shorter segments indicate more frequent LPs. This
depicts a processing style of experienced translators characterised by a steady rhythm
of work influenced little by time pressure with brief and brisk production activities
(segments) flanked by macro-strategy activities (LPs). Furthermore, as mentioned
earlier, experienced translators maintained a stable number of long pauses in the
drafting phase across different time conditions. The relatively steady and fixed working
rhythm especially in the drafting phase is a signal of the Knowledge Telling strategy of
text production, with which the translator makes “maximum use of already existing
cognitive structures and minimise(s) the extent of novel problems that must be solved”
(Bereiter & Scardamalia, 1987, p. 5). In this model, the translation task is completed
based on fixed and conventional schemas stored in the long-term memory, which
functions as “a serviceable strategy for much routine writing” (Schilperoord, 1996, p.
30). Since the translation process proceeds mostly with “fixed cognitive structures and
discourse schemas” (ibid., p. 32) which can be called upon whenever they are needed,
the working rhythm is more resistant to the influence of time pressure. This result is
generally in line with the findings of Jensen (2000) which found that experts could
apply the Knowledge Telling strategy in a more consistent way.

Relating to the results about the effect of time pressure on LP distribution to the
drafting and end revision phases, experienced translators’ processing style fits well the
picture described by Jensen and Jakobsen (2000, p. 112): their rhythm in raw TT
production is stable and “corresponds to the time factor but is fairly independent of it”.
According to Hansen (2002b), this relatively fixed working rhythm demonstrated by
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experienced translators’ pausing and segmentation behaviours to a great extent reflects
their automaticity and routines.

However, such a relatively fixed processing style did not apply to novice translators
for whom the segment length measured by TU number was more markedly affected by
time pressure. Specifically, it was the change from the most stringent time condition to
the other two conditions that made the difference — the segment length was shortened
significantly. The alleviation of time pressure from the Short to the Standard condition
made their rhythm of work approximate that of the experienced translators, i.e., with
shorter segments and more LPs. In the Free condition, however, the length of segment
became slightly longer, deviating from the shortest segment shown in the Standard
condition, which indicated that more micro-strategy behaviours filled in the segments.
The different effects of time condition on the segmentation behaviours of experienced
and novice translators corroborate H7.

In addition, the increase of both micro- and macro-strategy behaviours in the
drafting phase with the alleviation of time pressure could also be associated with their
preference of online revisions rather than end revisions, which is discussed in detail in
the following section. Such a behavioural pattern signals that with the alleviation of
time pressure, novice translators tended to switch from using the Knowledge Telling
strategy to the use of Knowledge Transforming strategy, with which the translator needs
to constantly reprocess and transform existing knowledge in order to proceed (Bereiter
& Scardamalia, 1987). As suggested by Schilperoord (1996), sustained efforts put into
knowledge transforming writing in the past could result in knowledge telling writing
since a rich repertoire of discourse schemas can be accrued and stored in the long-term
memory through repetitive performance. The account about Knowledge
Telling/Transforming strategy in writing process converges to the development of
automaticity in which practice plays a central role. Drawing upon the current results, it
turns out that novice translators who were of a lower automaticity level in translation
tended to adopt a Knowledge Transforming strategy in a natural setting without time
pressure; however, time pressure served as an expediting force for them to take on the

Knowledge Telling strategy.

7.2.3 Time distribution and revision type

It was found that experienced translators took a significantly longer time on orientation
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than novice translators and time pressure did not affect the length of their orientation
phase. The same effect also applied to the time of orientation phase as a percentage of
the total task time. However, time pressure significantly reduced participants’ drafting
time and their end revision time, with an exception on novice translators’ end revision
time in the Free condition which was shorter than that in the Standard condition. Such
tendencies generally disprove H8, which predicts that intense time pressure is more
likely to trim the orientation and revision phases, leaving the drafting phase relatively
less affected. Thus, these results do not fully conform to the findings found in previous
studies (e.g., Jensen, 2000; Kourouni, 2012) as well, which suggested that the
orientation and end revision phases are more likely to be shortened under time pressure
(see section 2.1.2.3).

On the other hand, time pressure generally enhanced the percentage of time
allocated to drafting but reduced the percentage of time allocated to end revision for
experienced translators. This effect was remarkable for the contrast between the most
stringent time condition and the other two less stringent time conditions, whereas the
contrast between the two less stringent time condition (i.e., Standard and Free condition)
was minor. Novice translators also reduced the proportion of time allocated to drafting
and increased the proportion of time allocated to end revision when time pressure was
alleviated from the Short to the Standard condition. However, a prominent feature
which distinguished novice translators from experienced translators was that they
tended to increase the percentage of time spent on drafting and to reduce the percentage
of time spent on end revision in the Free condition compared with that in the Standard
condition. This results in a pattern of time allocation in the drafting and end revision
phase shared by experienced and novice translators in the Short and Standard condition,
but an evidently different pattern of time allocation in these two phases in the Free
condition for the two groups of participants.

These results specifically echo the results on the pattern of LP numbers and
preference for online/end revision behaviours modulated by time condition. It appears
to be a chain reaction that novice translators increased their online revision but reduced
their end revision activities remarkably from the Standard condition to the Free
condition, leading to a longer drafting phase and a shorter end revision phase in the
Free condition. Correspondingly, their macro-strategy behaviours increased in the
drafting phase but decreased in the end revision phase in the Free condition compared
with the Standard condition. Therefore, when the deadline was absent, novices opted
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for more online revision behaviours while experienced translators opted for more end
revision behaviours; but when the deadline was present, they tended to share a similar
(online/end) revision pattern. Their choice of revision pattern in the Standard and Free
condition seemed to be associated with their use of macro-strategy behaviours in these
conditions as well: the moderate deadline, which was compulsory but not extremely
demanding, gave the impetus for novice translators to have substantial end revision
time and provoked maximum macro-strategy behaviours in this phase; however, the
time constraint severely restricted experienced translators from increasing their macro-
strategy behaviours. As a result, H9 was corroborated. This is also the major difference
between the two groups of participants regarding their behavioural patterns in response
to the presence/absence of a deadline.

In summary, time pressure unsurprisingly shortened and reduced the number of all
types of pauses for both novice and experienced translators; but it functioned differently
on several other aspects of behaviours (i.e., LP count, segment length, end revision time
and online/end revision preference) for the two groups of participants. While they
tended to share a similar behavioural pattern in the change from the Short to the
Standard time condition, prominent divergences between the two groups in these
behavioural aspects appeared at the change from the Standard to the Free condition.
Alleviation of time pressure prolonged the end revision phase and increased the macro-
strategy behaviours in this phase in a constant manner for experienced translators. Also,
experienced translators’ processing style was characterised by a steady rhythm of work
influenced little by time pressure, with brief and brisk production activities (segments)
flanked by macro-strategy activities (LPs). The Standard condition also prompted
novice translators to have substantial end revision time, to shorten the segments and to
provoke maximum macro-strategy behaviours, which made their behavioural pattern
the most similar to that of the experienced translators. Unlike experienced translators,
the Free condition did not motivate novice translators to further prolong their end
revision phase and increase their macro-strategy behaviours; rather, they opted for a
prolonged drafting phase with more online revision behaviours in this condition.

In addition, the distribution of LPs in the drafting and end revision phases as well
as their preference for online/end revision suggest that experienced translators adopted
the Knowledge Telling strategy consistently across different time conditions. In
contrast, time pressure facilitated the process of switching from using the Knowledge
Transforming strategy, which was the default state for novice translators when there
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was no time pressure, to the use of Knowledge Telling strategy. Overall, the findings
about automaticity and cognitive rhythm can serve to address the second aim of the
present study which is about the effects of time pressure on translators’ behavioural
patterns based on their eye-key activities and specific features underpinning the

experienced translators’ behavioural patterns.

7.3 The stress effect on coping effort

Drawing upon the transactional model of stress (Lazarus & Folkman, 1984), the results
on most psycho-physiological responses (e.g., self-reported Stress, Temporal Demand
and State Anxiety and biomarkers of HR, BP and pupil size) in this study suggest that
intense time pressure in executing a translation task was appraised as a factor of threat
by the participants, and they had been confronted with the problem of resource shortage
to handle the task with a tight deadline. The primary and secondary appraisals led to a
stress effect that the tighter the deadline, the sharper the psycho-physiological reactions
related to stress. Both groups of participants exhibited such a congruous stress effect
when they were working on the tasks so that novice and experienced translators shared
similar appraisals to the tasks of different time conditions. The lack of group difference
in these results indicates that a tight deadline in a translation task constitutes a salient
stressor for translators, no matter whether they are novices or experienced translators.

From the perspective of coping response in the transactional model of stress, the
effort invested in the tasks was examined by different measurements (i.e., self-reported
Effort, MFD, PWR, GSR and HRV). Generally, the main effect of Group was not
evident in these measurements, except that novice translators showed significantly
higher SCR Amplitude values than experienced translators. The effect of time pressure
was not significant on the effort level of experienced translators as revealed by all these
measurements. This implies that experienced translators maintained their problem-
based coping effort or the active regulatory activity (i.e., changing the cognitive state
by recruiting more resources) at a relatively stable level in the translation tasks across
different time conditions.

Novice translators, by contrast, showed a more varied level of coping effort across
the three tasks as indicated by the self-reported Effort, PWR and GSR. The effect of
time condition on MFD and the HRV indices were not statistically significant for

novices, but the pattern shown by the HRV indices was fully in line with that of the
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self-reported Effort, PWR and GSR. A significant improvement of effort from the Short
to the Standard condition was captured by the self-reported Effort, PWR and GSR;
when time pressure was further alleviated from the Standard condition to the Free
condition, their self-reported Effort, PWR and GSR dropped. Thus, time pressure had
a more prominent influence on novice translators’ coping effort invested in the
translation tasks, with the effort level in the moderately time-pressured condition
reaching the peak.

This pattern exhibited by novice translators in terms of effort exertion under the
influence of different time pressure levels demonstrates an important feature of this
group. That is, the moderately time-pressured condition might be an optimal condition
for them to devote more effort to the translation task. The drastic surge of effort in this
condition signals more task-relevant coping or active regulatory activities. Comparing
the two conditions with different deadlines as stressors, novice translators demonstrated
a trying-harder reaction by changing the cognitive state in the Standard condition,
which is a direct control in regulating time pressure (Maule & Hockey, 1993). This
strategy characterises the maintenance of performance goals at the expense of increased
effort or recruitment of additional resources. In contrast, under the most time-pressured
condition where their effort level was much lowered, novices might adopt the indirect
control of changing the target state with a downward adjustment of performance goals.
This features a low-effort regulation strategy under highly intense time pressure since
the costs of sustained trying-harder reactions may outweigh the benefits gained in such
a situation (ibid.). Increased use of lower-effort actions such as filtering (Miller, 1960)
and a switch from compensatory to non-compensatory rules (Einhorn & Hogarth, 1981)
could amount to the adoption of such a regulation strategy in the Short condition for
novices.

In addition, the overall cognitive load measures (PWR, GSR Mean and RMSSD)
filtered from the pool of effort measures were verified through testing the relationships
between task performance (translation quality) and extraneous/germane load within the
framework of CLT. As a result, the effect of time condition on overall cognitive load
was revealed by these measures, which corresponds to the effect of time condition on
effort indexed by these measures. Apparently, the stringency of time condition did not
proportionately exacerbate the overall cognitive load as predicted in H12.

It should also be noted that the conventional indicator of effort (or cognitive effort),
MFD, did not pronounce a significant effect of either time pressure or experience in the
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present study. Nor did it display any significant correlation with other indicators of
effort under study. This might signal its insensitivity in representing the overall
intensity of cognitive processing in a translation task of 16-30 minutes. In other words,
MFD might be more capable of reflecting the cognitive processing for local or micro-
level problem triggers in a task, rather than detecting changes induced by more global

or macro-level factors such as time pressure.

7.4 Cognitive activation effect and germane load

The different effect of time condition on stress level and effort exertion observed in this
study underlines the nature of stress and effort as different types of activation or energy
mobilisation states. Generally, effort-related energy mobilisation is associated with
activation states while stress-related mobilisation is associated with disorganised states
(Staal, 2004; Gaillard & Wientjes, 1994; Karasek & Theorell, 1990). From this
perspective, the most time-pressured condition may represent a typical state of stress-
related mobilisation as evidenced by relevant psycho-physiological responses. Such a
stress-related mobilisation gradually subsides when time pressure declines. Instead of
a uniform effect of time condition for the two groups of translators, the effort-related
energy mobilisation exhibited different patterns for novice and experienced translators
across different time conditions as evidenced by the effort related measurements.
Apparently, the effort-related energy was likely to be maximally mobilised in the
Standard condition for novice translators but was kept stabilised across different time
conditions for experienced translators.

In another vein, based on the theory of energy mechanisms put forth by Gaillard
(2001) that focuses on the way in which our body regulates states of activation needed
to perform and process, the energy mobilisations typically occur under one of the
following conditions: 1) task-induced stimulation in which the activation results from
the task or environment itself, 2) internally guided voluntary mobilisation under a given
task load, or 3) emotional arousal mobilisation induced by stress or threatening
situations. Correspondingly, the emotional arousal induced by stress is most likely to
underpin the activation state in the most time-pressured condition. In this case, although
the participants were in an activated state, there was only limited capacity available for
processing the task-relevant information. In the moderately time-pressured task,

however, their energy was more likely to be mobilised by the task-induced stimulation.
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Since time pressure was not intense but still present in this situation, more resources or
capacity were available for processing the task-relevant information leading to a higher
engagement in the task. In the non-time-pressured condition, the externally imposed
time pressure diminished, so that their emotional arousal was lowered, and their energy
mobilisation would rest more on their internally guided voluntary effort. Thus,
motivation played an essential role under such a condition.

The pattern of effort related energy mobilisation exhibited by novice translators in
the Standard condition gave rise to the cognitive activation effect of time pressure on
this group of participants. A cognitively activated state in task execution can stimulate
the cognitive functioning and processing, and engage the participants in meaningful
and higher-order thinking (Teig et al., 2019; Baumert et al., 2010; Klieme et al., 2009;
Lipowsky et al., 2009; Depaepe & Kanig, 2018). Drawing upon the framework of CLT,
such a cognitive state could be associated with the functioning of germane load which
is a type of effective load facilitating task performance and contributing to the overall
cognitive load in the meantime.

Since the intrinsic load (i.e., task difficulty) is assumed to be comparable in the
three tasks, the effect of time condition on the sum of the intrinsic and germane load
(IGL, which is the difference between overall cognitive load and extraneous load) can
generally reflect the variation of germane load modulated by time condition. As
revealed by the results, the effect of time condition on IGL was different for the two
groups of participants. Novices’ germane load was at a relatively low level in the Short
condition but soared in the Standard condition and remained unchanged in the Free
condition, whereas a gradual increase of germane load was captured with the alleviation
of time pressure for experienced translators. This pattern conformed with the effect of
time condition on translation quality. Thus, H13, which predicts that the effect of time
condition on germane load would be similar to its effect on translation quality for the
two groups of participants, is corroborated. Further, it is found that certain behavioural
metrics such as LP and end revision behaviours might be of particular interest in
gauging the germane load levels in translation and thus be indicative of translation
quality.

Further analysis revealed that time pressure significantly regulated the functioning
of germane load (on translation quality) for novice translators. It was found that the
constructive nature of germane load to performance was largely undermined in the Free

condition for novices. This effect, however, did not appear in experienced translators —
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the functioning of germane load worked effectively on them regardless of the time
conditions. Thus, H14 is partially corroborated (i.e., only applicable to novice
translators). As mentioned, different mechanisms of energy mobilisation, i.e., task-
induced stimulation and internally guided voluntary mobilisation, underline the tasks
of Standard and Free conditions respectively. This means that novice translators’
germane load in the state of the internally guided voluntary mobilisation may have an
inefficiency problem. In other words, the lack of a task-induced stimulation (e.g., a
deadline) might account for an undermined effectiveness of germane load in the Free
condition for novice translators.

Thus, although the alleviation of time pressure led to a cognitively activated state
with a relatively high level of germane load for novices, it impaired the facilitative
function or effectiveness of germane load to a great extent. To be specific, although the
constructive effect of germane load on performance functioned the best in a highly
time-pressured condition, participants could not exert much germane load because the
extraneous load was also high in such a condition; on the other hand, when they
managed to exert more germane load in the condition without an extraneous load
induced by time pressure, the effectiveness of germane load was largely impaired. As
a result, it is essential to consider balancing the degree of time pressure to the extent
which can optimally stimulate and activate the cognitive processing while maintaining
the effectiveness of germane load for novice translators. Such a concern did not apply
to experienced translators because time pressure did not modulate the effectiveness of
germane load on their performance. In principle, the more the germane load they exert,
the better the performance they could achieve. As a result, they performed optimally in
the Free condition where their germane load peaked without much extraneous load

induced by time pressure taking up the limited capacity.

7.5 Expertise reversal effect

Some conducive instructional elements which are designed for facilitating novices’
performance could be destructive to experts. This is called an expertise reversal effect.
While the lack of a task-induced stimulation evoked different effects in the Free
condition on the effectiveness of germane load of the two groups, their difference in
effort exertion in the Standard condition reflected an expertise reversal effect. When

relating the translation quality to their coping effort and germane load levels, it was
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evident that the moderately time-constrained condition was conducive to novice
translators’ performance, but this condition was suboptimal for experienced translators.

As shown in the above analysis, the task-induced stimulation or the moderately
time-pressured condition functioned as a type of effective instructional design for
novices. Thus, it is likely that such a condition can facilitate schema construction and
automation through substantially reduced extraneous cognitive load, as well as ample
germane load. In other words, the output of the cost of extraneous load (induced by the
moderate time pressure) and the benefit of germane load was optimal for novices in the
Standard condition. The existence of the task-induced stimulation under such a
condition fuelled their motivation and engagement in the task and the functioning of
germane load was not undermined. As a consequence, novices could benefit from such
translation practices with a moderate deadline which can act as a means of schema
construction and automation.

In the Free condition which lacked the task-induced stimulation but was solely
driven by the internally guided voluntary mobilisation, novices also managed to invest
a considerable amount of germane load which was comparable to that invested to the
Standard condition. As mentioned, however, the effectiveness of germane load under
such a condition was largely undermined and their translation quality was not improved
further in the Free condition. This implies that, although the conventional means of
instruction design for effective learning mainly rests on reducing the working memory
load or the ineffective extraneous load to facilitate schema construction and automation
(Kalyuga et al., 2003), the situation in the current study indicates another possibility.
That is, a trade-off effect may exist between the cost of the extraneous load elicited by
time pressure and its potential gain which is the facilitative function of a task-induced
stimulation on the effectiveness of germane load (for the group of novice translators).
In the Standard condition, the gains of the task-induced stimulation outweighed the
costs of the extraneous load induced by the time constraint, making it an optimal
condition for novice translators in their task performance.

In spite of the plausible constructive effect of such an instructional procedure (i.e.,
a moderate time constraint) for novices which may facilitate their schema construction
and automation, this procedure was not needed by experienced translators whose
schemas already provided full guidance for task processing. As mentioned, experienced
translators’ germane load peaked at the Free condition and time pressure did not

modulate the effectiveness of germane load, which made them achieve the best
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performance or translation quality in the Free condition. The facilitative function of the
task-induced stimulation in the Standard condition displayed on the group of novice
translators did not appear in the experienced translators. This characterised an expert
reversal effect in the Standard condition. Clearly, experienced translators exhibited a
strong commitment to each task, either with or without a deadline, which constitutes an
important part of their expertise. Indeed, attitudinal resources such as perseverance,
initiative and motivation are included in the psycho-physiological components of the
translation competence model developed by the PACTE Group (Albir, 2017). These
aspects of translation competence have manifested in the group of experienced
translators in the current study. In this regard, an external or task-induced stimulation
such as a deadline would only hinder their performance by increasing the ineffective

extraneous load.

7.6 Time pressure and translation performance

As discussed by Staal (2004, p. 14), a deadline imposed on a task could carry both direct
and indirect effects: the time limit is only a physical boundary that does not require any
psychological explanation in understanding its direct effects on performance; but there
are often corresponding psycho-physiological consequences that could evoke
secondary or indirect effects on performance. The analyses in the previous sections in
this chapter have focused on such psycho-physiological and behavioural effects of time
pressure and have tapped into further consequences of these effects on the translation
product, which represent the indirect effects of time pressure on task performance. For
example, it was found that time pressure affected the effectiveness of germane load
differently for the two groups of participants, the consequences of which led to the
different performance of the two groups. The direct effect of time pressure on
translation product quality can be examined disposing of such mediators.

To a certain extent, the results of translation quality regulated by time condition for
novice translators revealed a stress-performance relation that corroborates the Yerkes-
Dodson Law (Yerkes & Dodson, 1908). Novice translators had optimal performance
under the moderately time-pressure condition with a slight downswing in the Free
condition and a great fall-off in the Short condition. As such, it is possible that for
novice translators, the so-called optimal stress level for performance may exist at the

Standard time condition or in between the Standard and the Free condition (i.e., with a
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more relaxed deadline than the one in the Standard condition). Experienced translators,
however, exhibited a linear negative relationship between the stringency of time
condition and translation quality in this study. Assuming that an optimal stress level
exists as depicted in the Yerkes-Dodson Law, these results indicate that the threshold
of such an optimal stress level was higher for novices than for experienced translators
(Figure 7-1). This points to the fact that the “good stress” or “eustress” in need to
stimulate novice translators to perform better was not similarly favourable to
experienced translators. The expertise reversal effect as discussed in section 7.5 could

provide a possible explanation for such a result.

The Yerkes-Dodson Law
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Figure 7-1. Illustration of Yerkes-Dodson Law (left) in relation to the (flip-over

presentation of) the stress-performance relation identified in the present study (right)

On the other hand, although novice translators achieved optimal performance
(translation quality) in the moderately time-pressured condition, the reduction in the
Free condition was not significant. In other words, their performance in the Free
condition could be comparable to that in the Standard condition. In this sense, a
negative impact of time pressure on both groups was observed in general, although
novice translators achieved comparable translation quality in the Standard and Free
condition. This featured a negative effect of stress on performance which corroborated
H10 and was in line with most previous studies (e.g., Kourouni, 2012; De Rooze, 2003).

Such a negative relationship between time pressure and task performance can be
linked to the speed/accuracy trade-off effect whereby participants tend to respond more
quickly to the task demands but create more errors (Fitts, 1966). This general
phenomenon has been reported in De Rooze (2003) and Ghobadi et al. (2017) on the
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relation between time pressure and translation performance, as well as across a wide
variety of cognitive domains and under multiple sources of stress (e.g., Driskell et al.,
1992; Schellekens et al., 2000; Hygge & Knez, 2001). It represents a “teeter-totter”
effect as movement in one end most often results in a corresponding movement in the
other (Staal, 2004). The results on both processing speed and pauses in this study
showed that time pressure indeed accelerated the processing for both groups, which
provided evidence for the use of acceleration (Miller, 1960) as a coping strategy in
response to the increased task demands. Overall, acceleration of the translation process
and the degraded translation quality under high time pressure characterised a
speed/accuracy trade-off effect which can also be seen as a direct effect of time pressure.

As mentioned in Staal (2004), it is usually difficult to distinguish between the direct
and indirect effects of time pressure or stress on task performance. In addition,
concentrating on the direct effects might give no more than a simplified picture of the
one-dimensional relationship between the two variables, i.e., time pressure and product
quality. In the present study, some traces of an inverted-U shaped relation were shown
for novice translators; but a more evident negative relationship between time pressure
and the final product was visible, especially for the experienced translators.
Nevertheless, the underlying mechanisms accounting for such relationships could be
highly complex which can make the sketchy relationship vary case by case. Thus,
looking beyond the direct effect, by understanding and exploiting the underlying
mechanisms, is essential for explaining the relationship between time pressure and
translation performance.

Overall, the last aim of the present study is addressed. It was found that while
experienced translators were affected little by time condition in effort exertion, novice
translators tended to have a significantly higher effort/overall cognitive load level in the
Standard condition than in the other two conditions. In addition, novices’ germane load
was at a relatively low level in the Short condition but soared in the Standard condition
and remained unchanged in the Free condition, whereas a gradual increase of germane
load was captured with the alleviation of time pressure for experienced translators.
These tendencies conformed to the effect of time condition on translation quality, which
can be generally seen as a negative relation. Time pressure also regulated the facilitative
effect of germane load for novice translators (but not for experienced translators),
leading to a largely undermined functioning of germane load in the Free condition
which lacked a task-induced stimulation. Such an impaired effectiveness of germane
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load modulated by time condition for novice translators, in addition to the effects of
time condition on overall cognitive load and germane load levels, as well as the
expertise reversal effect could supply some insights for the complex underlying
mechanisms accounting for the relationship between time pressure and translation

quality.



Chapter 8. Conclusion
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This thesis explored the effects of time pressure on the cognitive process of translation
demonstrated by two groups of translators from psycho-physiological, behavioural-
cognitive and performance-based perspectives. By triangulating a wide range of
cutting-edge methods, including eye tracking, keystroke logging, psychometric
instruments, as well as measurements of several biomarkers, empirical data generated
from the translation (English-Chinese) experiment were analysed to address the

following three specific aims:

Aim 1: to determine measures of time pressure/stress during translation with
translators’ psychological and physiological responses being tested as possible
indicators, and to recognise possible differences between novice and

experienced translators in these responses.

Aim 2: to examine the effects of time pressure on translators’ behavioural
patterns about automaticity and cognitive rhythm based on their eye-key
activities and identify specific features underpinning the experienced translators’

translation behaviours.

Aim 3: to explore the effects of time pressure on effort/cognitive load and reveal
possible underlying mechanisms accounting for the relationship between time
pressure and translation quality by looking into the functioning of cognitive load,

especially germane load based on Cognitive Load Theory.

Five research questions (RQs) were formulated with corresponding hypotheses (H)
to shape and frame the analyses in response to the research aims. The psycho-
physiological responses (RQ1 and H1-H3) were examined in terms of self-reported
Stress, State Anxiety, Temporal Demand and all the biomarkers under study (i.e., HR,
BP, pupil size, skin temperature, GSR and HRV). Several of these measures were
confirmed valid in indicating the time pressure/stress levels during translation, based
on which the first aim was achieved. The focus of the second aim, i.e., translators’
behavioural patterns, was investigated from the perspectives of automaticity (RQ2 and
H4-H5) and cognitive rhythm (RQ3 and H6-H9) during translation. A number of
behavioural metrics generated from the eye-key activities designated for each aspect
under examination were involved. A series of findings were generated with regards to

the effect of time pressure on the translation behavioural patterns of the two groups of
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translators, which provided a closer inspection of the translation process as a cognitive
activity.

This investigation took Cognitive Load Theory (CLT) as a theoretical foundation
in order to discover the interplay between time pressure, cognitive load and translation
quality, which was the third aim of this thesis. Before looking into the underlying
mechanisms regarding the functioning of cognitive load, the direct effects of time
pressure and experience on translation quality was examined (RQ4 and H10-H11). The
construct of (overall) cognitive load was established strictly conforming to the
relationships assumed within the framework of CLT, such as the negative relationship
between extraneous load and performance and the positive relationship between
germane load and performance. Cognitive load was thus distinguished from the
construct effort (which refers to the resources recruited in coping with the task demand
under certain conditions) in the present study since effort was not under the scope of
such presumed relationships with performance. The commonly used self-report scales
and behavioural and physiological indicators of effort were examined with regards to
the influence of time pressure and experience; they were then filtered via the analytical
method established upon the assumptions of CLT to have the overall cognitive load
indicators determined and the germane load indicators generated. These procedures
enabled the examination and revelation of the interplay between time pressure, germane
cognitive load and translation quality (RQ5 and H12-H14).

This chapter concludes the whole study with a summary of all the key findings
relating to the research questions and hypotheses (section 8.1). Considerations on how
the findings may be applied to areas of translation practice and translators’ training are
presented in section 8.2. It is followed by a section (8.3) outlining some strengths and
limitations of the whole study and a final section (8.4) providing suggestions and

possible directions for future research.

8.1 Summary of the major findings

The results obtained from all the psychological measures (self-reported Stress, State
Anxiety and Temporal Demand) indicated that the effect of time pressure on both
novice and experienced translators were prominent, and there was little divergence
between groups. The same effect was captured by biomarkers of HR, BP and pupil size.

Most of, though not all, these psycho-physiological measures were correlated with each
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other. These results consolidated their convergence in reflecting the time pressure levels
experienced by translators during translation. These measures are thus verified as time
pressure measures in translation activities. It was also found that novices did not have
stronger psycho-physiological responses than experienced translators when the time
condition became increasingly stringent. It is possible that the superior capability of
emotion regulation and stress management, which is supposed to have been attained by
experienced translators, diminished under extremely stressed conditions. This means
that while time pressure exacerbated relevant psycho-physiological responses
significantly, translators’ experience did not make a difference.

On the other hand, the biomarkers of skin temperature, GSR and HRV did not show
the same effect of time pressure as shown by the other psycho-physiological measures
mentioned above. Skin temperature was affected little by time pressure for both groups;
GSR and HRV were identified as physiological indicators of effort/overall cognitive
load, and they displayed different effects of time pressure on the two groups of
translators which conformed to that shown by the behavioural and self-reported
indicators of effort/overall cognitive load (e.g., PWR and self-reported Effort). An
inverted “U-shaped” relationship between time stringency and the effort level was
exhibited in novice translators in this pattern, while experienced translators’ effort level
was almost unaffected by time pressure.

In regard to automaticity in translation, the result confirmed that time pressure
generally gave rise to more automated translation processing at the micro-level. This
was evidenced from three aspects: faster processing speed, deeper parallel processing
and less effort in each processing unit. With time condition getting more stringent,
translators generally accelerated the processing with more keystrokes produced per
minute and shorter intervals between and within the typing units; their parallel
processing degree was improved, especially for experienced translators, with a higher
proportion of attention devoted to ST comprehension during the course of producing a
TU; the amount of effort (measured by time) devoted to each individual TU was also
reduced in the time-constrained tasks.

In particular, the slightly prolonged within-TU intervals exhibited by experienced
translators in the most time-pressured condition signalled their intensive mental
processing during the typing process in this condition, which implied their enhanced
parallel processing as well. In addition, time pressure especially improved experienced

translators’ rather than novices’ level of parallel processing. Since novice translators
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were generally of a lower automaticity in translation, they had lower flexibility or
buffering capacity in leveraging the capability of parallel processing (as one aspect of
automaticity); thus, novice translators’ parallel processing degree was less affected by
externally imposed time pressure.

It was found that translators’ professional experience made a difference on
automaticity at the macro-level — experienced translators devoted a higher proportion
of attention to TT production than to ST comprehension because of their more
automated ST comprehension process. Overall, it turns out that time pressure could
only enhance the automaticity level of the translators at the micro- rather than the
macro-level. This might be attributed to the fact that automaticity at the macro-level is
more of a part of the translators’ core competence which can only be improved through
repetitive practice but can rarely be affected by externally imposed cues such as
momentary time pressure.

Experienced translators took a significantly longer time on orientation than novice
translators, and time pressure did not affect the length of their orientation phase. The
same effect was also captured in the time of orientation phase as a percentage of the
total task time. However, intense time pressure significantly reduced participants’
drafting time and their end revision time, with an exception for novice translators’ end
revision time in the Free condition which was shorter than that in the Standard condition.

Alleviation of time pressure extended the end revision phase and increased the
macro-strategy behaviours in a consistent manner for experienced translators. Also,
experienced translators’ processing style was characterised by a faster pace and a
relatively steady rhythm of work influenced little by time pressure, with brief and brisk
production activities (segments) flanked by macro-strategy activities (LPs). The
Standard condition also prompted novice translators to have substantial end revision
time, to shorten the segments and to provoke maximum macro-strategy behaviours,
which made their behavioural pattern the most similar to that of the experienced
translators. Unlike experienced translators, however, the Free condition did not
motivate novice translators to further extend their end revision phase and increase their
macro-strategy behaviours; rather, they opted for a shorter end revision phase and a
prolonged drafting phase with more online revision and micro-strategy behaviours in
this condition.

This means that when a deadline was absent, novices tended to opt for more online

revision behaviours while experienced translators tended to opt for more end revision
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behaviours; but when the deadline was present, they tended to share a similar
(online/end) revision pattern. Their choice of revision pattern in the Standard and Free
condition seemed to be associated with their macro-strategy behaviours in these
conditions as well: the moderate deadline, which was compulsory but not extremely
demanding, gave the impetus for novice translators to have substantial end revision
time and provoked maximum macro-strategy behaviours in this phase; however, the
time constraint only restricted experienced translators from increasing their macro-
strategy behaviours. In addition, the distribution of LPs in the drafting and end revision
phases as well as their preference for online/end revision suggest that experienced
translators tended to adopt the Knowledge Telling strategy consistently across different
time conditions. In contrast, time pressure can facilitate the process of switching from
using the Knowledge Transforming strategy, which was the default state for novice
translators when there was no time pressure, to using the Knowledge Telling strategy.

Experienced translators maintained their coping effort or the active regulatory
activity at a relatively stable level in the translation tasks across different time
conditions. However, time pressure had a more prominent influence on novice
translators’ coping effort invested in the translation tasks, with the effort level in the
moderately time-pressured condition reaching a peak. Apparently, the moderately time-
pressured condition might be an optimal condition for novice translators to devote more
effort to the translation task. The drastic surge of effort in this condition (compared with
the other two conditions) might signal more task-relevant coping or task-relevant active
regulatory activities in this condition.

In addition, novices’ germane load was at a relatively low level in the Short
condition but soared in the Standard condition and remained unchanged in the Free
condition, whereas a gradual increase of germane load was captured with the alleviation
of time pressure for experienced translators. These tendencies conformed to the effect
of time condition on translation quality, which can be generally regarded as a negative
relation, despite traces of Yerkes-Dodson Law shown on the group of novice translators.
Besides, LP and end revision behaviours were of particular interest in gauging the
germane load levels in translation and thus were indicative of translation quality as well.

Time pressure also regulated the facilitative effect of germane load for novice
translators, leading to a largely undermined functioning of germane load in the Free
condition, which lacks a task-induced stimulation. In other words, the lack of a task-
induced stimulation (e.g., a deadline) might account for the undermined effectiveness
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of germane load in the Free condition for novice translators. Thus, for novice translators,
it is essential to consider balancing the degree of time pressure to the extent which can
optimally stimulate and activate cognitive processing while maintaining the
effectiveness of germane load. Such a concern does not apply to experienced
translators because time pressure did not modulate the effectiveness of germane load
on their performance. In principle, the more the germane load they exert, the better the
performance they could achieve regardless of the time conditions. This is also a
reflection of the expert reversal effect. As a result, experienced translators performed
optimally in the Free condition where their germane load peaked without much

extraneous load induced by time pressure taking up the limited capacity.

8.2 Implications for translation practice and pedagogy

The pronounced relationships found between time stringency and stress, and between
time stringency and anxiety, can provide some didactic implications for translation
practice and translator training. On the one hand, the more translators are aware of the
influence of stressors such as tight deadlines in their daily work, the better they might
consciously manage them. On the other hand, stress and anxiety are not completely
destructive in task performance. A number of studies have shown that negative
emotions such as anxiety can enhance specific aspects of the translation product, such
as accuracy and coherence (e.g., Rojo & Ramos, 2016). Although the present study
does not involve an examination of such specific aspects of the translation product, this
could be of interest to translation training practices. For example, time pressure as a
convenient means of triggering emotions such as anxiety could be utilised appropriately
in the translation training process.

It is found that intense time pressure could give rise to faster heartbeat, elevated
blood pressure and increased anxiety for both groups of translators in the present study.
As one of the major stressors at work, exorbitant time pressure can lead to devastating
consequences on our mental and physical health. It is important for employers and
practitioners to be aware of the presence of stress and its consequences. This could also
benefit the practitioners and trainers regarding stress perception and management. In
addition, by utilising the validated measures of stress/time pressure in the future, the
dynamic stress level of translators at work can be objectively detected and monitored,

which could help to keep stress within a healthy limit and consequently boost
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performance and productivity.

The comparison of behavioural patterns between novice and experienced
translators in this thesis demonstrates some marked features of experienced translators,
which could shed some light on translation practice and training. Firstly, experienced
translators tend to maintain a faster pace of work than novice translators on account of
their superior automaticity. A highly time-pressured written translation task could
resemble sight translation or even interpreting, which are inherently time-pressured and
fast-paced tasks and are often considered as more automated processes. As indicated
by previous research (e.g., Hansen & Hénig, 2000; Hansen, 2002b; De Rooze, 2003),
improving the processing speed in translation can in turn, benefit the development of
automaticity. Thus, more attention could be paid to improving novice translators or
translation students’ processing speed under time pressure in translation training which
could potentially contribute to the development of automaticity.

Secondly, unlike novice translators, experienced translators’ end revision time and
macro-strategy behaviours consistently increase when time pressure diminishes. In fact,
as mentioned earlier, novice translators achieve the best performance in the Standard
condition where their behavioural pattern comes the closest to that of experienced
translators, especially regarding end revision and macro-strategy behaviours. Thus,
novice translators should consciously attend more to their end revision and macro-
strategy behaviours, especially when there is no time pressure.

Another important finding of this thesis is that being free of time pressure largely
undermines the effectiveness or constructive nature of germane load for novice
translators. This means that a condition without any task-induced stimulation is not
optimal for novice translators’ performance. Such a finding is particularly beneficial to
translation pedagogy since it provides empirical evidence of the role cognitive load,
especially germane load, plays in the cognitive process of translation and offers
valuable implications for instructional design in settings such as translation
examinations and modules. To be specific, balancing the degree of time pressure to the
extent which can optimally stimulate and activate cognitive processing while
maintaining the effectiveness of germane load, is essential for novices or students to
reach their optimal performance. On the other hand, an expertise reversal effect is
confirmed in this study, which means that for experienced translators, time pressure
only hinders their performance. This finding offers some practical implications to
professional translators themselves as well as employers (and even clients) in the
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translation industry. For example, it is best to avoid imposing excessively tight time
constraints on translation tasks or work since this might largely impair the productivity

and product quality of professional translators.

8.3 Strengths and limitations

The present research involved a variety of data types generated by different cutting-
edge methods in order to systematically explore the effects of time pressure on
translation. Such a multi-methodological approach combining diversified types of data
constitutes one of the major strengths of this study. It allows the production of more
reliable results and a more comprehensive examination of the topic. Especially, the
involvement of several types of physiological data allows a number of significant issues
which have not been previously touched upon in related work, to be addressed. These
include the psycho-physiological responses of stress during translation and the
connections between stress and effort/cognitive load in written translation. The
employment of a variety of cutting-edge methods and abundant findings generated in
the present study can also make a contribution to the interdisciplinary expansion of
Translation Studies. It broadens the interface between Translation Studies and the
neighbouring subjects such as learning sciences and cognitive psychology and entails a
collision between the psycho-physiological and behavioural-cognitive explorations of
the translation process.

In addition, the adoption of CLT as a theoretical framework in the present study
constitutes a powerful and effective analytical tool in estimating different types of
cognitive load such as overall cognitive load, germane load and extraneous load.
Combining the use of diverse psycho-physiological and behavioural measures of stress
and effort, this theoretical and methodological application of CLT may lend convenient
support to future research on diverse stressors in translation or other cognitively
demanding language processing activities. At the same time, in the context of the
learning sciences and instructional design, which underlies the nature of CLT, the
findings yielded from the present study offer practical suggestions and implications for
translation pedagogy which are backed up with solid empirical evidence. In this regard,
the value of the applicability of the findings to practice (for translation instructors as
well as practitioners in the translation industry) is another marked strength of the

present study.
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While the sampling population of the present study is of a relatively good size, i.e.,
65 participants (35 novice and 30 experienced translators) in the main experiment, the
relatively high discard rate of eye tracking data for the group of experienced translators
restricts the power of this sample to some extent. This could be regarded as a major
limitation of the study. Most discarded eye tracking data files were from the 13
experienced translators whose experiments were conducted with a portable eye tracker
and in a relatively unstable environment (i.e., not in the university’s eye tracking
laboratory). Thus, improvements can be made in this regard for future research. For
example, the sampling population could be further enlarged, especially for the group of
experienced translators; sample size in each group could be made more balanced and it
may be better to conduct the eye tracking experiment in a more controllable
environment to ensure higher data quality.

Further, the controlled laboratory settings may inevitably raise some concerns
about ecological validity. For example, although the participants could consult any
external resources regarding the unfamiliar words provided before the experiment, they
were not allowed to access resources during the experiment. This is because the focus
of the present study was on the cognitive processes of translation only. This constraint,
however, may alter translators’ decision-making behaviours compared to what they do
during their routine work when resources are at hand. Thus, it would be interesting to
involve consultation and documentation in future research.

Besides, the duration of the baseline sessions (3 minutes) for the measurement of
continuous biomarkers appears to be short, which, to a great extent, entails a data loss
problem for HRV and GSR in some (baseline) sessions. Thus, to reduce the rate of
invalid data, slightly longer baseline sessions and more careful guidance to the
participants, especially when involving measurements of HRV and GSR with a portable

device such as Empatica E4 Wristband are recommended for future research.

8.4 Avenues for future research

One of the major foci of the present study is to examine the change of the overall state
in stress levels and the intensity of cognitive processing experienced by a translator in
a translation task under different time conditions. This means that for a number of
(continuously recorded) physiological and behavioural measures (e.g., HR, pupil size,

GSR Mean and MFD), the averaged values are used to represent such a state of a
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translation task. It would be of interest in future research to have multiple measures
synchronised during the course of a task to inspect the dynamic changes throughout the
task session. Although such procedures would be laborious and would come with higher
technical requirements such as the registration of timestamps and alignment of various
measures, this could allow for analysis of more local changes elicited by particular cues,
for example, in the source or target text. In addition, synchronising multiple measures
throughout a task might be able to yield more fine-grained findings with regards to the
verification of various time pressure/stress and effort/cognitive load indicators.

As mentioned earlier, while the present study concentrated on the role time
pressure plays in the genuine or “pure” cognitive process of translation, this might
deviate a little from the reality of translation nowadays. With the fast development of
artificial intelligence, which has been massively applied in translation technologies in
recent years, consultation or seeking help from various computer-assisted translation
tools or (neural) machine translation has been a routine for most translators. Thus, the
effects of time pressure on the hybrid process of computer-assisted translation or
machine translation post-editing process are worth investigating. Such investigations,
if conducted successfully in the future, would also allow a comparison of the effects of
time pressure on different modes of the translation process, i.e., traditional translation,
the hybrid process of computer-aided translation and post-editing. In addition,
conducting this kind of research in a more naturalistic rather than the experimental
setting in the future, for instance at the translators’ workplace or home, would provide
a more comprehensive picture of the translators’ cognitive processes.

Lastly, while the current study adopted a holistic assessment of translation quality,
it would be of interest to extend the scope to different aspects of translation quality,
such as accuracy and creativity, and to inquire how these aspects are correlated to levels
of time pressure/stress and effort/cognitive load. Such explorations could further enrich
the findings, especially in relation to the effects of time pressure on the translation
product, and thus could provide more pragmatic implications for translation practice
and pedagogy.
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Appendices

Appendix 1: Source texts

Text A:
(From: The Economists. 23/06/2018. “Free exchange: Trading peace for war™)

China might yet hew more closely to rich-country trade rules, and intervene less in its
economy and foreign-exchange markets. Trade between America and China could
continue to grow, even as the technological gap between them, and their bilateral
imbalance, shrink. Expensive goods, investment and services could flow both ways,
as between America and Europe. But this sunny future looks increasingly remote.
America already limits some Sino-American trade on national-security grounds. Past
spats over dumping and other unfair trade practices led to punitive duties on some
goods, as allowed under WTO rules. An all-out trade war would blow the two
economies apart. The higher tariffs being mooted on half, or nearly all, of America’s
imports of Chinese goods would cause serious economic pain in both countries. In
America the prices of many goods would jump and those of others, like the soyabeans
exported to China by the shipload, would plummet. A sudden drop in China’s trade
surplus with America, now over 3% of Chinese GDP, would be a heavy blow. Even
though a weaker currency would make it easier to export more to other countries,
China would probably need both monetary and fiscal stimulus to avoid a socially
disruptive rise in unemployment.

Text B:
(From: The Economists. 05/05/2018. “Casting illusions aside”)

Tech-nationalists on both sides argue that China and America, their economies
intertwined for so long, must now cleave and go their own ways. In China the
propaganda doesn’t favour common sense. “Amazing China”, currently smashing
box-office records for a documentary, extols Chinese technological prowess. And the
press likes to talk of high-speed rail, e-commerce, mobile payments and bike sharing
as China’s “new four great inventions” (to rival the past accomplishments of
papermaking, printing, gunpowder and the compass). They are not China’s at all.
American tech-nationalists also harbour delusions. The Trump administration has
flirted with the idea of huge government support for the development of a 5G
network. That would never fly politically. Mr Trump insists that America and China
will “always be friends, no matter what happens with our dispute on trade”. There is
an echo in that of old-think—of a time when American and Chinese officials believed
that no matter how much they disagreed, they would always find a way of getting on
because the consequences of falling out would be so devastating for both. The two
sides’ techno-sparring is evidence of how hard it is becoming to separate their
economic and strategic rivalries.
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Text C:
(From: The Economists. 26/05/2018. “Trade with America: Assessing the pain”)

Leading the charge against China on economic matters has been Robert Lighthizer,
the United States Trade Representative. In March, after an investigation into China’s
trade practices, he alleged that China had, time and again, stolen American
technology or forced firms to hand it over. He called on China to stop subsidising
industries that it deems strategic, from renewable energy to electric vehicles. From
China’s standpoint, this is a non-starter. Its plan known as “Made in China 2025”
identifies ten high-tech industries and sets out global market-share goals. For
policymakers in Beijing, it is their blueprint for reaching the next level of
development—a reasonable desire for a middle-income country, as 19th-century
Americans would have agreed. But foreign governments and businesses see it as a
declaration of intent to seek global dominance. The more the rest of the world
complains, the more irascible China sounds. Mei Xinyu, a researcher in the commerce
ministry, likened America’s demands to what are known in China as the country’s
“unequal treaties” with foreign powers in pre-communist days. The most notorious of
these accords was forced on China in 1842 by Britain after a war over British opium
sales. It required China to open its doors to foreign trade and cede Hong Kong.
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Appendix 2: Glossary list

Text A

1 hew Vi. B B, R

2 | spat n.of; $%ip; #I7; ¥

3 dumping n.tR44; M5

4 | tariff n. xALk; Kk

5 moot (VI

6 | plummet Vi. EAET; (M. KEF) BATH
7 shrink VIS VL AR 45 ), 12ICE

TextB

1 cleave vt. BRIF; A4 HF; ATiE

2 propaganda n. g4, FE5s

3 smash VLB AR R

4 extol VL 35 &, A

5 Prowess n.EH; BAEK;, 38

6 delusion n.#&, Ik, 0, w8

7 spar vi. Fib; A&

Text C

1 allege vt. B, B, Bl AFEAHEG

2 subsidise vt. %84 (% F subsidize) ; %..4 8h4&
3 non-starter A BRI GARE, TMERF R ART &
4 irascible adj. & %%

5 liken vt thdh; e, tkAE

6 accord n. s 4, —%; Wi AR

7 cede vt. 38 5F; Elik (4at)




227

Appendix 3: Translation guidelines/brief

Task:
You are asked to translate the following texts from English into Chinese within
the given deadlines.

Your commissioner:
A Chinese newspaper.

Your status:
You are working as a translator for them.

Target readership:
The newspaper is addressed to the educated general public. The text you deliver
will be included in the future edition.

Source:
The text is taken from The Economist.

Situation:

The task is an urgent one. You should complete the translation task within the
given deadline. Please give priority to the completeness since your performance
will be evaluated based on the completeness of the translation product and an
incomplete product will be marked down significantly. You should make full use
of the time available and do not quit before the deadline.

Deadline:
16:15/ 20:25/ no time limit
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Appendix 4: Instructions before task

Time condition: Short

Please note that the time given for the following task is 16 min 15 sec and this
timeframe is shorter than the average time generally needed. Please try your best to
complete the translation task and if possible, prioritise completeness. Your
translation will be sent to an expert for marking and you will receive feedback for
your work later. You are not allowed to use any online or offline tools for
consultation during the task, neither can you ask any questions related to the text
during the translation task. But you can check out the word list now using any
tools. If you complete the task before the deadline, please take the time to review
or revise your work. When the time is up, you will hear a beeping sound reminder
and the researcher will end the task for you.

Time condition: Standard

Please note that the time given for the following task is 20 min 25 sec and this
timeframe is the average time generally needed. Please try your best to complete
the translation task and prioritise completeness. Your translation will be sent to an
expert for marking and you will receive feedback for your work later. You are not
allowed to use any online or offline tools for consultation during the task, neither
can you ask any questions related to the text during the translation task. But you
can check out the word list now using any tools. If you complete the task before
the deadline, please take the time to review or revise your work. When the time is
up, you will hear a beeping sound reminder and the researcher will end the task for
you.

Time condition: Free

Please note that there is no time limit for the following task. Please do your best to
complete the translation task. Your translation will be sent to an expert for marking
and you will receive feedback for your work later. You are not allowed to use any
online or offline tools for consultation during the task, neither can you ask any
questions related to the text during the translation task. But you can check out the
word list now using any tools. When you complete the task, please inform the
researcher to end the task for you.
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Appendix 5: Consent form

CONSENT TO PARTICIPATE IN RESEARCH

Identification of Investigator & Purpose of Study

You are invited to participate in a research study conducted by Yu Weng, a research
postgraduate from School of Modern Languages and Cultures at Durham University. This
study will contribute to the researcher’s completion of her Ph.D project, which is about the
influence of time pressure on translation process and product.

Research Procedures

You are asked to translate 3 short texts from English into Chinese and your data of eye
movement, keystroke logging, pupil size, blood pressure, heart rate, skin temperature,
galvanic skin response and heart rate variability will be recorded or measured. You will also
be asked to complete a set of questionnaires (State-Trait Anxiety Inventory, NASA Task
Load Index and a basic background information sheet). You will be given a £10 Tesco
Voucher after completion of the whole experiment.

Privacy and Confidentiality

The result of this research will be coded in a way in which respondents’ identity will not be
attached to the final presentation of the study. The researcher retains the right to use and
publish non-identifiable data. While individual responses are confidential, the overall result
and data will be presented representing averages or generalisations of each group of
participants as a whole. All the data will be stored in a secure place and only accessible to
the researcher.

Participation and Withdrawal
Your participation is completely voluntary. If you choose to participate, you can withdraw
at any time without consequences of any kind.

Right as Research Subjects
You are not waiving any legal claims, rights or remedies because of your participation in
this study.

Questions about the study

If you have questions or concerns about the study, please contact:
Researcher’s name: Yu Weng

Department: School of Modern Languages and Cultures, Durham University
Email: yu.weng@durham.ac.uk

Giving of Consent

I have read this consent form and | understand what is being requested of me as a participant
of the study. I freely consent to participate. I also give the researcher my consent for the use
of my data for any anticipated future research.

Name of participant: (Signed) Date:
Name of researcher: (Signed) Date:



mailto:yu.weng@durham.ac.uk

230

Appendix 6: Background information questionnaire

Background Information
Contact Information:

Name: Email: Date:

Please answer the following questions to the best of your knowledge.

1. Age (in years):

2. Sex (circle one): Male / Female

3. Education (highest degree obtained and your major):

4. When did you start to learn English as a second language?

5. For how many years have you been working as a professional freelance/inhouse translator (with

stable income from the translation work)? Please specify the kind of company you work for and list

your specialisation of translation (e.g., legal, medical, business & finance etc.).

6. Are you experiencing hypertension (high blood pressure) condition? If yes, please indicate your

average blood pressure (systolic/ diastolic) value here.

7. If you have taken a standardized test of proficiency for English (e.g., TOEFL, IELTS, TEM8 etc.),
please indicate the scores you received for each.

Scores
Test Total Listening Speaking Reading Writing
IELTS
TOEFL

TEMS
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Appendix 7: Task rotation table

Order 2
PO1 Text A Short Text B Standard Text C Free
P02 Text A Standard Text B Free Text C Short
P03 Text A Free Text B Short Text C | Standard
P04 Text B Short Text C Standard Text A Free
P05 Text B Standard Text C Free Text A Short
P06 Text B Free Text C Short Text A | Standard
P07 Text C Short Text A Standard Text B Free
P08 Text C Standard Text A Free Text B Short
P09 Text C Free Text A Short TextB | Standard
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Appendix 8: Task interface

Short and Standard task:

T

Cr:ir:;N might yet hew more closely to rich-country trade rules, and i less in its and foreig markets. Trade between America and *
China could continue to grow, even as the technological gap between them, and their bilateral imbalance, shrink. Expensive goods, investment and services
could flow both ways, as between America and Europe. But this sunny future looks increasingly remote. America already limits some Sino-American trade
on national-security grounds. Past spats over dumping and other unfair trade practices led to punitive duties on some goods, as allowed under WTO rules
/An all-out trade war would blow the two economies apart. The higher tariffs being mooted on half, or nearly all, of America’'s imports of Chinese goods would
cause serious economic pain in both countries. In America the prices of many goods would jump and those of others, like the soyabeans exported to China
by the shipload, would plummet. A sudden drop in China's trade surplus with America, now over 3% of Chinese GDP, would be a heavy blow. Even though a
weaker currency would make it easier to export more to other countries, China would probably need both monetary and fiscal stimulus to avoid a socially
disruptive rise in unemployment,

g

—» ST

00:13:53 @ -

T 1080 @

Countdown timer

Free task:

|
gy

Leading the charge against China on economic matters has been Robert Lighthizer, the United States Trade Representative. In March, after an investigati

into China’s trade practices, he alleged that China had, time and again, stelen American technology or forced firms to hand it over, He called on China to

stop subsidising industries that it deems strategic, from renewable energy to electric vehicles. From China's standpoint, this is a non-starter. Its plan known

las “Made in China 2025" identifies ten high-tech industries and sets out global market-share goals. For policymakers in Beijing, it is their blueprint for
reaching the next level of dev -a desire for a middle-i country, as 19th-century Americans would have agreed. But foreign
igovernments and businesses see it as a declaration of intent to seek global dominance. The more the rest of the world complains, the more irascible China

— ST

sounds. Mei Xinyu, a researcher in the commerce ministry, likened America's demands to what are known in China as the country’s “unequal treaties” with
foreign powers in pre-communist days. The most notorious of these accords was forced on China in 1842 by Britain after a war over British opium sales. It
required China to open its doors to foreign trade and cede Hong Kong.
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Appendix 9: Eye tracking data screening table

Group=Novice Short Standard Free Status
ID MFD GSP GTS | MFD GSP GTS | MFD GSP GTS

NPO1 \ \ \ v v v \ \ v | remain
NP02 \ \ \ v v v \/ \/ v | remain
NPO3 \/ \ v N v v \ \ \ remain
NP04 \/ \ v N v N \ \ \ remain
NPO5 \/ \ v N v v \ \ \ remain
NP06 \/ \ v N v N \ \ \ remain
NPO7 \ \/ \/ \ \ v \ \ v | remain
NPO08 \ \/ \/ \ \ v \ \ v | remain
NP09 \ \/ \/ \ \ v \ \ v | remain
NP10 \ \/ \/ \ \ v \ \ v | remain
NP11 \/ \ \ N v v \ \ \ remain
NP12 \/ \ \ N v v \ \ \ remain
NP13 \ \ \ N x x V N v | remove
NP14 \/ \ \ N v v \ \ \ remain
NP15 \ \/ \/ \ v v \ \ v | remain
NP16 \ \/ \/ \ v v \ \ v | remain
NP17 \ \/ \/ \ v v \ \ v | remain
NP18 \ \/ \/ \ \ v \ \ v | remain
NP19 \/ \ \ N v v \ \ \ remain
NP20 \/ \/ \/ \/ \/ N \ \ \ remain
NP21 \/ \/ \ x v N \ \ \ remain
NP22 \/ \/ \/ \/ \/ N \ \ \ remain
NP23 \ \/ \/ \ v v \ \ v | remain
NP24 \ \/ \/ \ v v \ \ v | remain
NP25 \ \/ \/ \ v v \ \ v | remain
NP26 \ \/ \/ \ \ v \ \ v | remain
NP27 \/ \/ \/ \/ \/ N \ \ \ remain
NP28 \/ \/ \/ \/ \/ N \ \ \ remain
NP29 \/ \/ \/ \/ \/ N \ \ \ remain
NP30 \/ \/ \/ \/ \/ N \ \ \ remain
NP31 \ \/ \/ \ \ v \ \ v | remain
NP32 \ \/ \/ N v v v v v | remain
NP33 \ \/ \/ N v v v v v | remain
NP34 \ \/ \/ N v v v v v | remain
NP35 v \ \ v v v v v N remain
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Group=Experienced

Short

Standard

Free

ID MFD GSP GTS | MFD GSP GTS | MFD GSP GTS Status
EPO1 v v v v v v v v V| remain
EP02 ol v ol ol ol v v ol V| remain
EPO3 ol v ol ol v v v v V' | remain
EPO4 Xl v Xl V V v v V V' | remain
EPO5 N v N V N v v \/ V' | remain
EPO6 \/ v V Y v Vo A | remain
EPO7 \/ v \/ \/ V v v \/ V| remain
EPOS N v N V N v v \/ V' | remain
EPO9Y J v o V Y v Vo A | remain
EP10 V v V V \/ v v \/ V' | remain
EP11 V v V V V v v V V' | remain
EP12 N v N J N v v J V| remain
EP13 J v o V Y v Vo | remain
EP14 \ \/ \ \ \ \/ \/ \ V| remain
EP15 N v N N N v v J V' | remain
EP16 J v o V Y v Vo | remain
EP17 \ V \ \ \ V V \ V' | remain
EP18 X X X X X X X X X remove
EP19 X X X X X X X X X remove
EP20 X v X X v 3 X X X | remove
EP21 x v \/ \/ \/ v v \/ V' | remain
EP22 V V \/ \/ \/ \ \ \/ V' | remain
EP23 J v \/ \/ \/ v X \/ V| remain
EP24 \ \/ \ \ \ \/ \/ \ V| remain
EP25 X V X X X b X v X | remove
EP26 \ v \ \ v % v v % | remain
EP27 X b4 X X v X X X X | remove
EP28 x x x x x x x \ x | remove
EP29 x x x x x x x \ x | remove
EP30 X X X X X X X X X remove
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Appendix 10: GSR and HRV data completeness in Baseline 1 and Baseline 2

Group=Novice GSR HRV

ID Baselinel Baseline2 Status | Baselinel Baseline2  Status
NPO1 N N remain N N remain
NP02 N v remain v v remain
NP03 \ v remain v v remain
NP04 i v remain v v remain
NPO5 N v remain v v remain
NP06 \ v remain v v remain
NPO7 v v remain \ \ remain
NP08 v v remain v v remain
NP09 v v remain v v remain
NP10 v v remain \ \ remain
NP11 v v remain v x remove
NP12 v v remain v v remain
NP13 v v remain \ \ remain
NP14 v v remain \ x remove
NP15 v v remain v x remove
NP16 v v remain v v remain
NP17 v v remain \ x remove
NP18 v v remain v v remain
NP19 v v remain v v remain
NP20 N \ remain \ \ remain
NP21 N \ remain \ \ remain
NP22 i v remain x v remove
NP23 N \ remain \ \ remain
NP24 N \ remain \ \ remain
NP25 N v remain v v remain
NP26 N v remain v v remain
NP27 N \ remain \ \ remain
NP28 i v remain v v remain
NP29 i v remain v v remain
NP30 \ \ remain \ \ remain
NP31 N \ remain \ \ remain
NP32 i v remain v x remove
NP33 N v remain \ \ remain
NP34 N v remain \ \ remain
NP35 N v remain v v remain
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Group=Experienced
ID

GSR

Baselinel Baseline2 Status

HRV

Baselinel Baseline2 Status

EPO1
EPO2
EPO3
EPO4
EPO5
EPO6
EPO7
EPO8
EPQ9
EP10
EP11
EP12
EP13
EP14
EP15
EP16
EP17
EP18
EP19
EP20
EP21
EP22
EP23
EP24
EP25
EP26
EP27
EP28
EP29
EP30

22222 2 2222 2 22222222 K22222 2222 2)

2222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222 22222 2 2

remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remove
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain

222K 22XR2222RRXRL22 2222222222222 2)

2 X 2X22K2KXKX2X2LXXX22222 222222222 2|

remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remain
remove
remove
remove
remove
remove
remain
remove
remove
remain
remove
remain
remain
remove
remain
remove
remain
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Appendix 11: Adapted NASA TLX questionnaire

Mental Demand: How much mental and perceptual activity did you spend for this task?

L | L
Low High

Definition: How much mental and perceptual activity was required (for example, thinking,
deciding, calculating, remembering, looking, searching, etc.)? Was the task easy or demanding,
simple or complex, forgiving or exacting?

Temporal Demand: How much time pressure did you feel in order to complete this task?

| | | |
Low High

Definition: How much time pressure did you feel due to the rate or pace at which the tasks or task
elements occurred? Was the pace slow and leisurely or rapid and frantic?

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

| | | |
Low High

Definition: How hard did you have to work (mentally and physically) to accomplish your level of
performance?

Stress: How stressed were you during this task?

L [
Low High

Definition: How stressed versus relaxed did you feel during the task?
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Appendix 12: Biodata of participants

Group=Novice

Group=Experienced

ID Age Gender IELTS ID Age Gender Experience (years)
NPO1 29 F 7 EPO1 25 F 4
NPO2 29 M 8 EPO2 28 F 4
NPO3 25 F 8 EPO3 37 M 15
NPO4 34 F 7 EPO4 27 F 7
NPO5 23 F 7.5 EPO5 29 M 5
NP06 26 F 7 EPO6 28 M 5
NPOQ7 28 F 7 EPO7 50 M 23
NPO8 22 F 7.5 EPO8 24 F 4
NPQ9 24 F 7.5 EPO9 24 F 3
NP10 24 F 7.5 EP10 24 F 3
NP11 25 M 7.5 EP11 24 F 4
NP12 23 F 7.5 EP12 25 F 4
NP13 23 F 7.5 EP13 24 F 4
NP14 24 F 7.5 EP14 28 F 5
NP15 23 F 7.5 EP15 27 F 5
NP16 23 F 7 EP16 28 F 4
NP17 22 F 8 EP17 43 M 18
NP18 23 M 7 EP18 27 M 3
NP19 22 F 7.5 EP19 40 M 17
NP20 22 F 7.5 EP20 29 F 5
NP21 22 F 7.5 EP21 24 F 3
NP22 23 F 7.5 EP22 24 F 3
NP23 23 F 7 EP23 24 F 4
NP24 21 F 7 EP24 30 M 9
NP25 22 F 7 EP25 47 F 15
NP26 23 F 7 EP26 46 F 16
NP27 24 F 7.5 EP27 30 M 6
NP28 22 F 7 EP28 36 F 8
NP29 23 F 7.5 EP29 30 F 5
NP30 24 M 8 EP30 40 F 6
NP31 29 F 7
NP32 24 M 7
NP33 24 F 7.5
NP34 23 F 7.5
NP35 24 F 7.5




