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Abstract

This article presents the results of a pilot study
involving the reception of a fictional short story
translated from English into Dutch under four
conditions: machine translation (MT), post-
editing (PE), human translation (HT) and origi-
nal source text (ST). The aim is to understand
how creativity and errors in different transla-
tion modalities affect readers, specifically re-
garding cognitive load. Eight participants filled
in a questionnaire, read a story using an eye-
tracker, and conducted a retrospective think-
aloud (RTA) interview. The results show that
units of creative potential (UCP) increase cog-
nitive load and that this effect is highest for
HT and lowest for MT; no effect of error was
observed. Triangulating the data with RTAs
leads us to hypothesize that the higher cog-
nitive load in UCPs is linked to increases in
reader enjoyment and immersion. The effect
of translation creativity on cognitive load in
different translation modalities at word-level
is novel and opens up new avenues for further
research. All the code and data are available
at https://github.com/INCREC/Pilot_to_
MT_or_not_to_MT.

1 Introduction

Recently, publishing houses have been more vocal
about the use of machine translation (MT) in their
translation process (Klemin, 2024), arguing that the
output quality is good enough to post-edit certain
genres considered less literary such as crime or
romance novels in certain language combinations.
However, no data has been provided to illustrate
not only the impact on translators’ livelihood and
sustainability of high-quality literary translations
but also what the impact on the readers of these
books might be. Our research focuses on the latter,
i.e. we seek to explore the effects of the use of
MT-mediated texts in literary translation.
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Having this goal in mind, this study uses materi-
als and research methods from an existing study by
Guerberof-Arenas and Toral (2024) that explored
how different reading modalities (MT, PE, HT and
ST) affect Dutch readers regarding engagement,
enjoyment, and translation reception. We include
two new methodological parts: a) an eye-tracking
device to obtain granular data on readers’ attention
(cognitive load) and b) retrospective think-aloud
(RTA) interviews to understand the differences in
the readers’ experiences when reading these texts.
We focus on the effect of creativity across the differ-
ent modalities by analysing the reception of units
of creative potential. A unit of creative potential
is a word or group of words that present a prob-
lem to the translator that requires a higher level of
creativity, see Section 2.2

With this experiment, our main aim is to find a
methodological framework to measure cognition
and creativity, which, to our knowledge, has not
been attempted before. To test this methodology,
we guide the experiment with the following re-
search questions: RQ1: Do readers have a higher
cognitive load in units of creative potential than in
other regular parts of the sentence? RQ2: Do read-
ers process these units differently according to the
translation modality? RQ3: Do readers process the
translators’ solutions differently according to the
level of creativity? RQ4: Do errors in a segment
increase the cognitive load of the reader?

2 Reading and translation reception

2.1 Eye-tracking and reading studies

Eye-tracking is a common method for measur-
ing cognitive load. Even before technology was
used for measuring the eye-movements, researchers
already thought cognitive effort influenced eye
movements during reading—-now known as the
cognitive-control hypothesis (Rayner and Rein-
gold, 2015). Yet there were also doubts about
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eye-tracking methods. As average fixations are
around 250 ms, some thought that it would be too
little time for lexical processing (Chanceaux et al.,
2012). Others also believed eye movements were
largely caused by involuntary oculomotor move-
ments (Yarbus, 1967). However, numerous studies
have since shown that eye movement is in fact
heavily influenced by cognitive effort (Reichle and
Reingold, 2013; Schotter et al., 2017; Madi et al.,
2020; Dias et al., 2021).

Many reading studies focus on comprehension;
although intuitively we might think that lower read-
ing times correlate with better comprehension, re-
search shows that increased fixation duration and
count might indicate higher comprehension levels
(Méziere et al., 2023; Southwell et al., 2020; Won-
nacott et al., 2016). Furthermore, studies looking at
reading effort in literary texts find the more literary
and style-heavy a text is considered to be, the more
and longer the fixations are (Corcoran et al., 2023;
Fechino et al., 2020), especially foregrounded ele-
ments (Jacobs, 2015; Miiller et al., 2017)." Torres
et al. (2021) also found that this increase in cogni-
tive load also seems related to increased immersion
in and engagement with the text, as reported by
participants.

2.2 Creativity in translation

A clear conceptualisation of creativity in translation
studies is introduced by Kussmaul in his seminal
work (1991; 1995; 2000a; 2000b). This is fur-
ther operationalised by Bayer-Hohenwarter (2009;
2010; 2011; 2013). They describe a creative transla-
tion as “involv[ing] changes (...) when compared
to the source text, thereby bringing something that
is new and also appropriate” (Bayer-Hohenwarter
and Kussmaul, 2020, p. 312). Guerberof-Arenas
and Toral (2020) further develops the concepts of
unit of creative potential (UCP) and creative shift
(CS) to measure creativity in literary translation
and see the impact creativity has on readers. UCPs
are problematic units in the source text that transla-
tors cannot translate routinely and for which they
have to use problem-solving abilities, that is, their
creative skills (Bayer-Hohenwarter, 2011). CSs
are translated UCPs in which the translation devi-
ates from the original, in contrast to Reproductions,
where UCPs do not deviate from the original in
structure or where there is already a coined trans-
lation (Guerberof-Arenas and Toral, 2020). This

IStylistic devices that emphasize certain parts of the text to
increase the impact on the reader.

is illustrated in Figure 1. Our study uses this con-
ceptualisation of creativity to annotate the trans-
lations, which allows us to analyse cognitive load
(eye-tracking) across creativity (RQs 1, 2 & 3).

Original (UCP bolded): "Never, never, never”

Reproduction (MT): “Nooit, nooit, nooit”

r, never

Creative shift (HT): “werkelijk waar nog nooit”

Figure 1: An example of UCP, Reproduction, and CS
from the experiment, including word-level glosses.

2.3 Reading in the Netherlands

Dutch readership has some peculiarities worth men-
tioning regarding the cohabitation of English and
Dutch languages. Recent market research shows
that sales of foreign language books have increased
124% since 2020, accounting for 25% of all sales
in 2024 (KVB Boekwerk, 2025), with the majority
of these being English. Many readers read or even
prefer reading books in the original language: 41%
of Dutch readers regularly read books in another
language, of which 77% are books in English; 29%
even prefer English-language books to Dutch ones
(KVB Boekwerk, 2022). This is interesting both
for the potential influence of English phrases or
structures on readers, and because English might
be their default when opting to buy a book.

2.4 Literary translation and MT

A known issue in literary MT is the presence of er-
rors, despite continuous improvements (Stasimioti
et al., 2020, Matusov, 2019). Recent developments
in neural machine translation (NMT) and large lan-
guage models (LLMs) show to have increased MT
quality (Son and Kim, 2023), but studies looking
at LLMs for literary translation still find numerous
errors in the MT output (Zhang et al., 2024), even
when prompted to correct this MT output (Egdom
et al., 2024; Macken, 2024). In the particular case
of English-Dutch MT: Fonteyne et al. (2020) and
Tezcan et al. (2019) look at an English-to-Dutch
NMT version of Agatha Christie’s The Mysterious
Affair at Styles and find that 44% sentences had no
errors while 56% still contain errors. A follow-up
study by Webster et al. (2020) looks at four differ-
ent novels and finds a much higher number of incor-
rect sentences in the NMT output, 77% with errors
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vs 23% without. They argue that this difference
could be related to the ST linguistic complexity.

If PE is considered, some studies indeed show
a decrease in errors when compared to raw MT
output (Guerberof-Arenas and Toral, 2020; 2022).
PE might also provide a lower cost for industry or
shorten the translation times (Toral et al., 2018),
although this also depends on the desired final qual-
ity. However, PE is not without challenges. One
of these is that the MT output tends to prime post-
editors and this results in a final text that is syn-
tactically, semantically and stylistically closer to
MT than to HT in both technical and literary texts
(Toral, 2019; Daems et al., 2024; Macken et al.,
2022; Kolb, 2021; Castilho and Resende, 2022).
PE has also been shown to reduce literary style and
authorial voice compared to HT (Kenny and Win-
ters, 2020; Mohar et al., 2020; Sahin and Giirses,
2019). Last but not least, translators have expressed
their dislike of using PE, preferring to translate
from scratch for creative purposes (Moorkens et al.,
2018; Daems and Macken, 2019).

2.5 Translation reception and MT

Translation reception concerns how readers react
to a translation, such as emotional (e.g. enjoyment)
and cognitive responses (confusion, reading times).
There are relatively few studies on translation re-
ception (Walker, 2021). Some studies focus on
the effect of errors in non-literary MT: Kasperav-
i¢iene et al. (2020) and Stymne et al. (2012), for
instance, use eye-tracking to analyse the effect of
errors in newspaper articles and political discus-
sions respectively. They find that total fixation
duration and fixation count are higher on sections
that contain errors. Whyatt et al. (2024), also using
an eye-tracker, analyse the reception of newspaper
translations of low and high quality and find that
participants spend more time on sentences of lower
quality and sentences with errors than in those with-
out. These studies suggest that a text with more
errors and of lower quality garners more cognitive
load, at least in non-literary texts.

Others look at literary MT. Colman et al. (2022),
for instance, explore the reception of an English-
into-Dutch MT version of Agatha Christie’s The
Mysterious Affair at Styles and compare it to a
published translation. 20 participants were eye-
tracked while reading the entire novel, alternating
MT or HT every 25%. They find lower readability
of MT compared to the published translation.

Guerberof-Arenas and Toral (2020; 2024) con-

sider the literary reception of MT, PE, HT and ST
from a creativity angle. Their reception studies
look at reader responses to the different modali-
ties using narrative engagement, enjoyment, and
translation reception scales. They find that read-
ing experience is not significantly different in HT
and PE, but MT scored significantly lower on the
three variables. However, results differ per text
and language; in Dutch, for example, ST scores
higher than PE and HT, which was not the case for
Catalan readers. Our study builds upon this study
as mentioned above, see Section 3.1 for details.

3 Measuring creativity and cognitive load

This section describes the data, annotation criteria,
participants, eye-tracking device, questionnaire &
RTA interviews, as well as the preprocessing of
the initial dataset and statistical modelling. Com-
bining quantitative and qualitative methods allows
us to triangulate the data to understand the com-
plex interactions of variables, such as creativity and
cognitive load, to answer our RQs.

3.1 Content

The methodology of this study borrows the open
dataset containing the original and translated texts,
the annotations, and the questionnaire (on engage-
ment, enjoyment and reception) from Guerberof-
Arenas and Toral (2024).

The text, the science-fiction short story
"2BR0O2B" (1962) by Kurt Vonnegut, contains 123
paragraphs, 234 sentences and 2548 words. Two
professional translators created the HT and PE ver-
sions: to ensure readers would not rate a text higher
due to translator preference, each translator did half
of the text without MT (HT) and the other half with
MT (PE). The MT was created by a customized
NMT engine trained on literary texts, based on
transformer architecture (Toral et al., 2023).

The ST was annotated by two professional trans-
lators. They identified 185 UCPs in the English
ST. Subsequently, two professional reviewers anno-
tated the Dutch TTs for creativity and errors. The
UCPs in the Dutch TTs were annotated as either
CS, Reproduction (no CS), NAs (too many errors
for classification) or omissions (UCP is omitted en-
tirely). Errors were classified and annotated using
the harmonised DQF-MQM Framework,? which
categories the type of error and its severity. For
more details on these annotations, see Guerberof-

2https://themqm.org/error-types-2/typology/
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Arenas and Toral (2022).The total number of CSs,
Reproductions, and errors is shown in Table 1, in-
cluding a creativity index (CI), which combines
CSs and errors according to the following formula
(in Guerberof-Arenas and Toral (2022)):

Cl = (%5

# Error Points—# Kudos
Z0CPs — ) * 100

#Words_in_ST

Table 1 shows that for the texts we are using
in this experiment, the CI for HT is the highest
followed by PE and lastly by MT.

Creativity HT PE MT
Creative shifts 79 63 26

Reproduction 105 122 143
Errors 75 221 528

Creativity Index 41 25 -7

Table 1: Results of the error and UCP annotation.

3.2 Participants

Eight participants (six women and two men) were
recruited who voluntarily signed up using a Google
form from a flyer distributed throughout universi-
ties and were paid €20 after completing the experi-
ment. The criteria for selecting participants were to
be native Dutch speakers (1) and frequent readers
(2), reading at least one book per month. Five had
a master’s degree and three had a BA or were in the
process of graduating. Participants were randomly
assigned to one of the four modalities to read, re-
sulting in two participants per modality. The ex-
periment was reviewed by the Ethics Committee at
the University of Groningen, and participants gave
their written informed consent.

3.3 Eye-tracking

To gather data on cognitive load, we employ an
EyeLink Portable Duo eye tracker (SR Research),
combined with a 27-inch monitor with a resolution
of 1024 x 768 pixels. Participants used a headstand
for optimal sampling rate (2000Hz), with the head-
set set at a 55 cm distance to the eye tracker. The
experiment was set up using EyeLink’s Experiment
Builder and carried out at the EyeLab of Groningen
between May 1st and May 15, 2024. Participants
were calibrated and validated using a nine-point
grid, and participants were recalibrated if the cali-
bration or validation was poor or when the devia-
tions in validation were above 0.5. Interest areas
were automatically created by Experiment Builder
based on word boundaries, so that each word was a

separate AOI. The text was presented on the mon-
itor, and the font (Arial) and font-size (35) were
chosen for readability (Minakata and Beier, 2021;
Masulli et al., 2018). Each screen contained about
10 lines of text and participants could move to the
next page themselves (by clicking or pressing a
random key), which would be preceded every time
by a drift check in the upper-left corner—the same
place the first word of the new page would appear.
A pause was included in the middle of the story,
after about 1310 words which tended to be about
15 minutes of reading, where the original text also
had a separating dinkus. After the pause, calibra-
tion and validation were repeated. There were no
time constraints for the participants.

To answer our four research questions, we fo-
cused on five dependent variables: total fixation
duration (TFD, duration of all fixations), first-pass
time (FPT, duration before word is first exited),
regression path (RP, duration before word is first
exited to the right), fixation count (FC, number
of fixations) and regression count (RC, number of
regressions, which are fixations from words that
come after the word in question). Previous eye-
tracking studies have shown the relevance of these
variables for measuring cognitive load (Skaram-
agkas et al., 2023), and for translation specifically
(Vanroy et al., 2022). However, it is not always
clear which specific measures will be the most ap-
propriate for our RQs. Regression is, for instance,
often associated with confusion, but also with in-
creased comprehension and skim reading (South-
well et al., 2020). Nevertheless, TFD is often seen
as a general indication of cognitive load, FPT for
immediate and semantic understanding, with RP,
FC and RC for contextual understanding. As we
are interested in cognitive load, our main variable
of interest is TFD. Due to space constrains, the
results for the other dependent variables are shown
in Appendix C.

3.4 Questionnaire

Although our main focus was on cognitive load, we
also wanted to gather the demographics and read-
ing habits of the participants, as well as their en-
gagement, enjoyment, and reception of translation.
Therefore, we also used the questionnaire from
the previous on-line experiment (Guerberof-Arenas
and Toral, 2024). In a computer in the lab, partici-
pants completed firstly the sections on demograph-
ics and reading patterns, and secondly, after the
eye-tracking experiment, participants completed
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the comprehension (10 items), narrative engage-
ment (15 items), enjoyment (3 items) and transla-
tion reception (9 items) parts. The comprehension
questions were multiple-choice, while the other
three used a 7-point Likert scale.’

3.5 Retrospective think-aloud interview

Immediately after finishing the eye-tracking ex-
periment and completing the questionnaires, an
RTA protocol took place to triangulate the data and
better understand our eye-tracking results. Partic-
ipants were prompted with visualisations of their
gaze during reading, but were free to discuss or
mention any aspect of the story. Visualisations
were created automatically with Data Viewer, us-
ing its Trial Play Back Animation feature, which
shows a participant’s gaze as it moves over the text
in real-time, see Figure 2. This allows participants
not only to comment on the text but also by seeing
their eye movements clarify things they seemed
to pause at or go back to. The interviews were
conducted by one of the researchers in English for
processing ease, except in three instances where
the participants preferred to speak in Dutch; these
are translated for analysis by the same researcher.

S et T ok 14 =11
@@ rooY BeRBEO

De schider Kiapte met gev ukking i zijn handen. ‘U zegt dat u geen verstand hebt van

kunst, en laat meteen daama zien dat u in weet dan ik! Halmendraagster past inderdaad

niet bij een begeleidster! Een knipster, - datis meer uw werkveld." Hij weest naar een
figuur in het pi:

ei ze, en ze bloosde ineens nederig, 'dan... dan zou ik naast dokler

Figure 2: the Trial Play Back Animation feature in
which the (moving) purple dot replays the gaze move-
ments in real time.

3.6 Dataset and preprocessing

The data was processed using Data Viewer; 20624
observations were generated corresponding to each
word in the texts, the default AOIs. These obser-
vations were further classified using the existing
annotations, e.g. if a word was part of CS or Re-
production or if it was part of an error. This is
our dataset I, i.e. containing data per word. Since
we wanted to compare the eye-tracking data in the
different translated texts for each UCP in the ST,
we created a second dataset, (n=3618). In dataset
II each observation is a segment either containing

3Questionnaire can be found in Appendix B and on GitHub.

a UCP or without a UCP. In this way, we could
compare the translation solutions for the 185 UCPs
in the three translation modalities, illustrated in Fig-
ure 3. As these segments have different numbers
of words, we normalised the dependent variables
from the eye-tracker according to words per seg-
ment. We primarily used this dataset II for our
analyses as this dataset was better suited to answer
our RQs which deal with UCPs, CSs and Reproduc-
tions. We use dataset I (per word) to check word
frequency and descriptive results, see Appendix C.

pBRO2B|

[Alles waq prima in orde.

FEr waren geen gevang geen geeng . geen g

een armoede en geen oorlogen]

Alle ziektes waren overwonnen Net als ouderdom{

ATgezien van ongelukken fvas doodgaan iets voor avontuurijkevrjwilligery

De bevolking van de Verenigde Staten]was op|veertig miljoen zicler gestabiliscerd,

eJEdward K. Wehling jr. fn de]kraamklinic

[ijn vrouw die zou bevallen] Hij was|de enige die wachite, [Per dag werden niet veel mensen

0p cen stralende ochtend|wa

frer geborer

Figure 3: Trial of PE version, divided in segments: en-
tire sentences or phrases. UCPs are yellow (CS) or
purple (Rep.), and non-UCP segments are green.

3.7 Statistical modelling for eye-tracking data

For the statistical analysis of our eye-tracking data,
we used a regression model to analyse the main
effects and the interactions of our independent vari-
ables Modality (HT, PE, MT and ST), Creativity
(CSs, Reproductions, omissions and NAs) and Er-
rors (with or without errors). After analysing the
data, we fitted a generalized additive mixed effect
model (GAM model), using scaled t-distribution.
We decided on this model as our data was not nor-
mally distributed, even after log-transformations.
This was partly due to zero measurements (sections
without any fixations), so we only use the data con-
taining fixations to create the model and analyse
the zeros independently.* We used the eye-tracking
measures (TFD, FPT, RP, FC, RC) as dependent
variables, with Modality, Creativity and Error as
independent variables. These were contrast coded,
as well as contrasting HT against PE specifically
to study the difference between those two in more
detail, as previous studies by Guerberof-Arenas
and Toral (2020; 2024) showed little difference in
reception between them. The random effects were
the participants and the UCPs.

“The analysis of the zero measurement can be found in Ap-
pendix C.
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The model’s explained variance was about 40%
for the dependent variable TFD (R? = 0.379), but
only 28% (R? = 0.241) and 27% (R? = 0.241) for
FPT and RP, while FC and RC did not meet the
required assumptions for this model. Therefore, we
performed non-parametric tests for those four of
the eye-tracking measures (FPT, RP, FC & RC).

3.8 Analysing frequency

We also wanted to check the effect of word fre-
quency on our data, since research has shown
a strong inverse link between the frequency of
words and cognitive load (Schilling et al., 1998;
Holmgqvist, 2011; Walker, 2021), and UCPs con-
tain words or expressions that are less frequent.
We extracted the word frequencies for all Dutch
words, using the wordfreq Python library (Speer,
2022). This library is based on the Exquisite Cor-
pus, which is a multilingual corpus compiled of
eight different domains of text. The ‘best’ wordlist,
available for Dutch, includes words that appear at
least once per 100 million words, making it a reli-
able corpus. For this particular analysis, dataset I
was used because word frequencies are calculated
on a word-level.

4 Cognitive load, creativity and reading
experience

In this section, we discuss the results from the ques-
tionnaires, eye-tracking device and RTAs that serve
to answer our four RQs.

4.1 Self-reported user experience

Table 2 shows the results from the questionnaire
regarding participants’ demographic information
and reading habits, which shows similar patterns
across the participants.

Modality n Age Reading habit
PE 2 18-24 45

MT 2 18-34 4

HT 2 18-24 45

ST 2 25-34 45

Table 2: Participants’ age and reading habits from the
participants (1 = Never, 2 = Once per 3 months, 3 =
Once per month, 4 = Multiple times a week, 5 = Daily).

Table 3 shows the results from the questionnaire
for comprehension, narrative engagement, enjoy-
ment and translation reception from the 8 partic-
ipants. Participants rated MT the lowest across
all scales. HT and PE are rated higher than MT,
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with HT scoring higher than PE on narrative en-
gagement and enjoyment, but not on translation
reception. There are two interesting results: ST
scores lower than both HT and PE on narrative
engagement and reception, although not in enjoy-
ment; and MT has the highest mean score for com-
prehension. Despite MT scoring the highest in the
multiple-choice comprehension, the RTAs show
that participants did not enjoy reading MT and re-
ported struggling to understand the narrative (see
Section 4.3). This could mean that readers in MT
understand the basic details of the story so they can
respond to basic questions and that they compen-
sate using the context when they do not understand
certain elements in MT; this strategy of compen-
sation to understand MT has been reported in pre-
vious studies (Guerberof-Arenas and Moorkens,
2023).

Mod. Category n  Mean SD Med. Min
Comp. 2 8.5 071 8.5 8
HT Eng. 30 5.37 135 6 2
Enj. 6 4.67 1.21 45 3
T.R. 18  4.39 142 5 2
Comp. 2 9.5 071 9.5 9
Eng. 30 3.63 147 4 1
MT Enj. 6 2.17 147 2 1
T.R. 18 2.06 .1 2 1
Comp. 2 65 071 6.5 6
PE Eng. 30 5.13 148 55 2
Enj. 6 4.17 075 4 3
T.R. 18 5.06 1.06 5 3
Comp. 2 9 141 9 8
ST Eng. 30 4.20 1.58 5 1
Enj. 6 4.67 082 45 4
T.R. 18 4.22 1.63 4 2

Table 3: Results of the questionnaire per modality and
scale (comprehension (10 multiple-choice questions),
narrative engagement, enjoyment and translation recep-
tion (each 7-point Likert scale).

These results correspond moderately with the
results from Guerberof-Arenas and Toral (2024):
there, MT scored lowest, and ST ranked highest
for narrative engagement and enjoyment. We have
identified two potential causes for the difference in
this second experiment: the most obvious one is
that here we only had two participants per modality,
which does not allow for generalization; the other
reason could be that in our study, participants read
the text in a lab using an eye-tracker, which could
indicate higher levels of attention as opposed to
reading online at home as in the original experi-
ment.



4.2 Cognitive load
4.2.1 Descriptive results

Table 4 and Figure 4 show mean TFDs according
to the variables Modality, Creativity and Errors, for
dataset II (values normalised according to number
of words per unit). We use TFD as this is often seen
as general and overall indication of cognitive load.
For Modality, ST has the highest mean duration,
followed by HT, MT and then PE. This result might
seem surprising: MT has the most errors (see Ta-
ble 1) and previous studies have shown that errors
in translated texts lead to an increase in cognitive
load (Kasperaviciené et al., 2020; Stymne et al.,
2012). A potential cause could be the scale of text
looked at: previous studies analyse cognitive load
for individual sentences with and without errors,
whereas we look at the entire text. For example,
Colman et al. (2022), who also looked at an entire
text instead of individual sentences, also found no
significant effects for modality. Furthermore, lit-
erary reading studies have shown that immersivity
and engagement also increase cognitive loads in
literary texts; thus, a higher quality in the literary
translation—as in HT and PE—could explain a higher
cognitive load and hence a higher TFD value.

TFD (ms.) n Mean (SD) Median Min Max
HT 918 297 (260) 234 0 4042
Modality MT 896 219 (161) 191 0 1974
PE 880 193 (171) 158 0 3329
ST 924 311 (221) 248 0 1386
CS 360 296 (251) 234 0 1840
Rep. 728 288 (266) 222 0 4042
Creativity Not 1606 201 (152) 175 0 3329
ucp* 370 326 (195) 294 0 830
Not* 554 302 (238) 230 0 1386
Errors Yes 692 239 (171) 199 0 1974
No 202 237 (219) 176 0 4042

Table 4: Overview of the eye-tracking data for TFD
on each independent variable. UCP* and Not* refer to
creative potential in ST rather than in translation.

If we compare the TFD according to creativity,
we find that CSs and Reproductions (UCPs) have
a higher mean than non-UCP segments, indicating
that UCPs have a higher cognitive load than those
segments without UCPs, but CSs do not show a
difference in cognitive load compared to Reproduc-
tions. In the ST, UCPs also have a higher mean
TFD compared to non-UCPs—included in the table
with asterisks—perhaps due to the foregrounded el-
ements (Jacobs, 2015; Miiller et al., 2017). For
Errors, as expected, units with errors have a higher
mean TFD than those without, although this dif-
ference is minimal, as the box plot also shows.
Moreover, standard deviations are high indicating
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Figure 4: Box plots for the eye-tracking data (dataset
II), with TFD by Modality, Creativity and Errors.

high variability across the data. This is expected
due to the small number of participants and the
fine-grained nature of our experiment—measuring
cognitive load on word-level creates much variance,
even within participants.

4.2.2 GAM analysis: main effects and
interactions for TFD

Effects Levels Mean SD p-value
Inter- 1.674 0.0164 N/A
cept

HT 0.0748 0.0396  0.059
Mod- MT -0.0230 0.0396 0.743
ality PE -0.0489 0.0688 0.477

HT (v.PE) 0.1237 0.0795 0.120
Crea- CS 0.0356 0.0084 2.6x10~ 0%
tivity Rep. 0.0569  0.0069  2.5x10716¥**
Errors Yes 0.0009 0.0054 0.867
Inter- HT: CS -0.0069 0.0140 0.621
actions MT : CS -0.0452  0.0173  0.009**
between PE:CS 0.0834 0.0334 0.012*
modal- | HT VPE) 765 00378 0.042"
ity : CS
& HT : Rep 0.0299 0.0135 0.0277
creativ- MT : Rep -0.0074  0.0102  0.470
ity PE : Rep 0.0447 0.0175 0.011*

HII (V.PE) 0.0747 0.0237 0.001*

ep

Table 5: Main effects and relevant interaction effects
from the GAM model on TFD (log-transformed duration
data in ms.), ¥***p <.001, **p <.01, *p <.05

The results for the GAM analysis are partially
shown in Table 5, including the main effects and
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relevant interactions; the full table is in Appendix
C. The only significant main effect is Creativity—
both CSs and Reproductions. This indicates that
there is an increase in cognitive load in UCPs over-
all (RQ1), although no clear difference between
CSs and Reproductions (RQ3), as we saw for the
descriptive statistics, too. There are no significant
results for the independent variable Modality or
Errors (RQ4). Effect sizes are less meaningful in
this setting, as the GAM model is non-linear and
uses log-transformations and a log-link; for an in-
dication of differences between the levels of the
separate independent variables; however, the mean
TFED reported in Table 4 illustrates this effect.

There are also significant values in the interac-
tion between Modality and Creativity (RQ2). MT
has a negative effect in both interactions, signif-
icantly so for CS. So, although CSs have an in-
creased cognitive load overall, this effect is less-
ened for readers in MT. We see the opposite for PE
and HT, where the effect for CSs is increased for
PE, and the effect of Reproductions is increased for
PE and HT. Furthermore, comparing HT and PE di-
rectly reveals that in HT readers exert significantly
more cognitive load on CSs and Reproductions
than in PE. Readers thus seem to process CSs and
Reproductions differently in different modalities,
and this seems to indicate that HT has a higher
level of cognition and attention in UCPs (CSs and
Reproductions) (RQ2). There were no significant
interaction effects for Errors with Modality or with
Creativity (RQ4).

4.2.3 Frequency analysis

Lastly, we checked the effect of word frequency on
our data. We correlated the word frequencies with
TFD, using Spearman’s correlation after checking
assumptions. Results show a low negative corre-
lation between the variables Word frequency and
TFD (p =-0.30), although significant (p < 0.005).
The correlations between word frequency and the
other dependent variables show similar results, see
Appendix C. Although an effect of frequency was
expected, the low correlation here shows our read-
ing measures are likely influenced by other factors
than frequency alone.

We also created a scatter plot for the correla-
tion, with colour-coding for Creativity to see if
words assigned certain Creativity codes (CS, Rep.,
non-UCP) tended to be more or less frequent, see
Figure 5. Colour-coding reveals no pattern, show-
ing no clear difference between word frequencies

Figure 5: Scatter plot of word frequency and TFD (log-
transformed). Colouring indicates Creativity annotation,
showing no clear trend.

for words belonging to CSs, Rep. and Non-UCPs.
This suggests that words in UCPs (CS and Rep.)
are not necessarily less frequent than words outside
UCPs.

4.3 Retrospective reading experiences

The RTA interviews were between 10 and 25 min-
utes per person, with a total of 144 min. of record-
ing. This was transcribed —translated if necessary—
resulting in 17732 words of transcription. One of
the researchers coded the data in three cycles of
coding. First, parallel coding was used, combining
coding techniques such as emotion coding, con-
cept coding and process coding (Saldaiia, 2016).
The focus was on the participants’ (emotional) re-
sponses, what they commented on and how. This
helped to understand how readers related to the
story and thus helped to interpret differences in
cognitive load, and to see whether and how they
reacted to elements of creativity and error. In the
next cycle the initial codes were combined into 11
code groups. In the final cycle, the code groups
were distributed in five main themes, see Table 6.
Due to space limitations, a summary per theme is
given, with a detailed analysis in Appendix D.

Theme #Codes
Confusion came from the narrative in HT, 226
but from language use in MT

Engaging with and relating to narrative ele- 103
ments occurred in HT, ST & PE

HT participants felt immersed in the story, 82
the narrative, and the style

MT participants had difficulty understanding 175
the text due to nonsensical words phrasing

PE participants were engaged in the narra- 106
tive, but struggled with the style and charac-

ters at times

Table 6: Main themes with number of codes included

1. Confusion came from the narrative in HT, but
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from language use in MT
All participants mentioned being confused (30x
HT, 37x MT, 28x PE, 23x ST). However, the cause
for confusion was different across the different
groups. HT participants felt confused about narra-
tive elements, rather than phrasing: "I was a little
confused by this, but that wasn’t necessarily due
to the words but due to the narrative" (PO6_HT).
Their confusion cleared after figuring out the story
more. This was similar for ST, where participants
were also confused about the narrative at first but
this lessened as the narrative was revealed. How-
ever, MT participants were mostly confused about
words or phrases that were translated incorrectly,
mentioning multiple times "[it] didn’t make sense"
(P02_MT) and that the text was "weird" (PO7_MT).
They also mentioned (incorrectly translated) UCPs
which caused confusion, saying in one instance: "I
was completely confused (...) No idea what they
did here or were intending to do." (PO7_MT).

2. Engaging with and relating to narrative ele-
ments occurred in HT, ST & PE participants
HT, ST and PE participants mentioned feeling im-
mersed in the narrative, relating it to their own
lives multiple times. Participants mentioned that
the story was engaging, with a well set up moral
dilemma, making them empathise with Edward’s
(the protagonist of the story) choices: "I really sym-
pathised with the father" (PO9_PE), "I thought it
was intriguing and felt bad for that man" (PO8_ST),
"It was sad, but it also makes you think" (PO6_HT).

3. HT participants felt immersed in the story, the
narrative, and the style
HT participants reported feeling immersed in both
the narrative and the style throughout ("I really got
into the story" (PO3_HT))-something that lacked
for the other modalities. HT participants specif-
ically appreciated the style ("That was brought
across very well" (PO6_HT)) and repeated how
much they liked the characters. Both also specifi-
cally appreciated certain translation solutions for
wordplay and metaphors that were parts of UCPs.

4. MT participants had difficulty understanding
the text due to nonsensical words phrasing
Most salient for MT participant was their confusion
regarding the language use. Both participants did
not understand many phrases or details in the story,
which made it difficult to follow the story along, as
they tried reconstructing the story by working back
from the words to “what they should have been”
(PO2_MT). Both also had to laugh multiple times
due to the strangeness of the MT output. PO7_MT

encapsulated this saying “It almost becomes poeti-
cal how bad it is." This also caused them to skim
read later parts of the text as they gave up trying to
understand the text with blatant errors; this might
explain the lack of effect for errors on cognitive
load in the eye-tracking: although errors (in MT)
impact reader experience, the expected increase in
cognitive load could be nullified by skim reading.

5. PE participants were engaged in the narra-
tive, but struggled with the style and characters
PE participants were positive about the narrative,
but they disliked the style, feeling it was sometimes
used incorrectly or off-putting, hampering their
overall enjoyment and immersion in the story. They
found the moral dilemma interesting and liked the
set-up, but also commented on "awkward" phrases
(PO9_PE) or words used out of context. PO5_PE
mentioned she "realised it had to be a translation,
because no Dutch person would have written it like
this”. They also felt character descriptions were
unclear or wrong, with uncommon labels ("broeder
just confused me" (PO5_PE) and oddly used adjec-
tives (PO9_PE). This could be related to the rela-
tively low score for comprehension in PE (see Table
3 and Appendix D for more). However, this lack
of comprehension could also be due to individual
differences between participants.

5 Conclusions and further research

We were seeking to test our methodology with four
RQs that linked cognitive load and creativity. For
ease of understanding we present here the questions
and the findings, followed up by the limitations of
the study and future avenues of research.

RQ1: Do readers have a higher cognitive load
in units of creative potential than in other regu-
lar parts of the sentence?

There was a strong positive effect of UCPs on cog-
nitive load, both in CSs and Reproductions. Read-
ers thus pay attention to UCPs when reading, and
judging from their comments in the RTAs, they
also enjoy reading them. This link between engage-
ment and cognitive load was also found in literary
reading studies (Torres et al., 2021), specifically
for foregrounded elements (Jacobs, 2015; Miiller
et al., 2017). Although the methodology employed
is solid and the results novel, the creation of the
datasets is quite arduous. We think that it might
be better for this word-level experiments to look at
datasets that have been purposely created for this,
for example, by only looking at paragraphs with
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specific UCPs where it will be easier to explore the
effect of modality.

RQ2: Do readers process these units differ-
ently according to the translation modality?
Although we did not find an effect for Modality,
we did see a positive effect in its interaction with
Creativity when looking at TFD. Furthermore, the
effect of Creativity was lessened in MT, while in-
creased in both PE and HT. Comparing HT and
PE against each other specifically, we see that in
HT the effect of Creativity is the highest. This
was reinforced in the RTAs, where HT participants
were more positive about the text, especially its
style, even explicitly appreciating certain transla-
tion solutions. PE participants liked the narrative,
but thought the style fell flat at times. This differs
from Whyatt et al. (2024), who found increased
cognitive load for low quality sentences; however,
they only looked at non-literary texts, while we
looked at a literary text, and literary studies have
shown a positive link between the literariness of a
text and fixations (Corcoran et al., 2023; Fechino
et al., 2020), so that might explain the difference.
Potentially, the higher overall quality of HT (as at-
tested in the RTAs) enhances the immersive effects
of UCPs.

RQ3: Do readers process the translators’ so-

lutions differently according to the level of cre-
ativity?
We did not see any significant difference in
cognitive load between CSs and Reproductions.
Analysing word frequency also showed only a low
negative correlation between word frequency and
TFD, showing that other factors influenced TFD.
There was also no clustering of CSs, Reproductions.
or non-UCPs, indicating that words belonging to
CSs or Reproductions are not less frequent than
words that do not belong to UCPs. Again here,
we think that, methodologically, experiments of
this type would benefit for more focused studies at
paragraph-level with chosen UCPs.

RQ4: Do errors in a segment increase the cog-
nitive load of the reader?

As expected, we see that units with errors have a
higher mean TFD than those without, although only
slightly. However, we do not see any significant
effect on units with or without errors. This differs
from previous studies on errors, as Kasperavic¢iené
et al. (2020) and Stymne et al. (2012) found in-
creased TFD and FC on sections with errors. Trian-
gulating the data with the interviews, however, al-
lowed us to hypothesise that this is due to increased

skim reading in MT especially, the modality with
most errors. When these readers saw too many
errors, they tended to skim certain sections more.
RTAs showed that errors in MT and PE influenced
reading experience —creating a lack of understand-
ing in MT and a dislike of style in PE— but this was
not mirrored in the exerted cognitive load.

This study shows both the methodological ad-
vantages of analysing reader reception through cog-
nitive load on a word-level, and the importance of
creativity for reader reception across modalities.
Intuitively, we expect differences in reading experi-
ences across modalities, given errors and creativity
scores. In previous studies, PE and HT scored sim-
ilarly and we initially also found no main effect on
cognitive load between the two; however, detailed
analysis shows that creativity makes a difference;
not only that, but the difference creativity makes
is increased in HT. In other words, the effect of
creativity is lessened in PE compared to HT. The
retelling of the participants’ experience through the
RTAs also showed clear differences between the
modalities, a crucial aspect of this methodology.

Using MT-mediated texts in literary translation
thus has an impact on readers. More research into
the causes of these effects is needed to inform trans-
lation technologies, translators and the industry.

We are aware of the limitations of this pilot re-
garding number of participants and language pairs.
However, the methodology gives us a window
through which we can explore the way readers deal
with creativity while reading. We learnt from this
experiment that document-level analysis might not
be the best match to answer our RQs, therefore
our next experiment, focuses on paragraphs with
selected UCPs in different modalities. This will
include more participants, different genres, and
LLMs, to further explore this relation between cre-
ativity and reader experience.

Acknowledgments

We would like to thank all our participants. We
would also like to thank Andreas van Cranenburgh
for his assistance with the frequency analysis.

Funding

The INCREC project has received funding from the
European Union’s Horizon Europe research and
innovation programme under ERC Consolidator
Grant n. 101086819.

525



References

Gerrit Bayer-Hohenwarter. 2009. Translation creativ-
ity: How to measure the unmeasurable. In Susanne
Gopferich, Arnt Lykke Jakobsen, and Inger M. Mees,
editors, Behind the Mind: Methods, Models and Re-
sults in Translation Process Research, pages 39-59.
Samfundslitteratur, Copenhagen, DK.

Gerrit Bayer-Hohenwarter. 2010. Comparing transla-
tional creativity scores of students and profession-
als: Flexible problem-solving and/or fluent routine
behaviour. In Inger M. Mees Susanne Gopferich,
Fabio Alves, editor, New Approaches in Translation
Process Research, pages 113—139. Samfundslitter-
atur, Copenhagen, DK.

Gerrit Bayer-Hohenwarter. 2011. Creative shifts as a
means of measuring and promoting translation cre-
ativity. Meta, 56(3):663-692.

Gerrit Bayer-Hohenwarter. 2013. Triangulating transla-
tion creativity scores. In Tracks and Treks in Transla-
tion Studies: Selected Papers from the EST Confer-
ence, Leuven 2010, pages 63-85.

Gerrit Bayer-Hohenwarter and Paul Kussmaul. 2020.
Translation, creativity and cognition. In Fabio Alves
and Arnt Lykke Jakobsen, editors, The Routledge
Handbook of Translation and Cognition, pages 310—
325. Routledge, New York City, US.

Sheila Castilho and Natélia Resende. 2022. MT-pese:
Machine translation and post-editese. In Proceedings
of the 23rd Annual Conference of the European As-
sociation for Machine Translation, pages 305-306,
Ghent, Belgium. European Association for Machine
Translation.

Myriam Chanceaux, Francoise Vitu, Luisa Bendahman,
Simon Thorpe, and Jonathan Grainger. 2012. Word
processing speed in peripheral vision measured with
a saccadic choice task. Vision research, 56:10-19.

Toon Colman, Margot Fonteyne, Joke Daems, Nicolas
Dirix, and Lieve Macken. 2022. GECO-MT: The
ghent eye-tracking corpus of machine translation. In
Proceedings of the Thirteenth Language Resources
and Evaluation Conference, pages 29-38, Marseille,
France. European Language Resources Association.

Rhiannon Corcoran, Christophe de Bezenac, and Philip
Davis. 2023. ‘Looking before and after’: Can simple
eye tracking patterns distinguish poetic from prosaic
texts? Frontiers in Psychology, 14.

Joke Daems and Lieve Macken. 2019. Interactive adap-
tive SMT versus interactive adaptive NMT: a user
experience evaluation. Machine Translation, 33:117-
134.

Joke Daems, Paola Ruffo, and Lieve Macken. 2024.
Impact of translation workflows with and without
MT on textual characteristics in literary translation.
In Proceedings of the 1st Workshop on Creative-text
Translation and Technology, pages 57-64, Sheffield,

United Kingdom. European Association for Machine
Translation.

Elisa C Dias, Heather Sheridan, Antigona Martinez,
Pejman Sehatpour, Gail Silipo, Stephanie Rohrig,
Ayelet Hochman, Pamela D Butler, Matthew J Hopt-
man, Nadine Revheim, and Daniel C Javitt. 2021.
Neurophysical oculomotor and computational mod-
eling of impaired reading ability in schizophrenia.
Schizophrenia Bulletin, 24(1):97-107.

Gys-Walt Egdom, Christophe Declercq, and Onno
Kosters. 2024. ‘can make mistakes’. prompting Chat-
GPT to enhance literary MT output. In Proceedings
of the 1st Workshop on Creative-text Translation and
Technology, pages 10-20, Sheffield, United Kingdom.
European Association for Machine Translation.

M. Fechino, A. A. Jacobs, and J. Ludtke. 2020. Fol-
lowing in Jakobson and Lévi-Strauss’ footsteps: A
neurocognitive poetics investigation of eye move-
ments during the reading of Baudelaire’s ‘Les Chats’.
Journal of Eye Movement Research, 13(3):1-19.

Margot Fonteyne, Arda Tezcan, and Lieve Macken.
2020. Literary machine translation under the mag-
nifying glass: Assessing the quality of an NMT-
translated detective novel on document level. In
Proceedings of the Twelfth Language Resources and
Evaluation Conference, pages 3790-3798, Marseille,
France. European Language Resources Association.

Ana Guerberof-Arenas and Joss Moorkens. 2023.
Ethics and Machine Translation: The end user per-
spective. In Helena Moniz and Carla Parra Escartin,
editors, Towards Responsible Machine Translation:
Ethical and Legal Considerations in Machine Trans-

lation, pages 113—-133. Springer.

Ana Guerberof-Arenas and Antonio Toral. 2020. The
impact of post-editing and machine translation on cre-
ativity and reading experience. Translation Journal,
9(2):255-282.

Ana Guerberof-Arenas and Antonio Toral. 2022. Cre-
ativity in translation: Machine translation as a
constraint for literary texts. Translation Space,
11(2):184-212.

Ana Guerberof-Arenas and Antonio Toral. 2024. To
be or not to be: A translation reception study of a
literary text translated into Dutch and Catalan using
machine translation. Target, 36(2):215-244.

Kenneth Holmqvist. 2011. Eye tracking: a compre-
hensive guide to methods and measures. Oxford
University Press, Oxford, UK.

Arthur M. Jacobs. 2015. Neurocognitive poetics:
Methods and models for investigating the neuronal
and cognitive-affective bases of literature reception.
Frontiers in Human Neuroscience, 9(186).

Ramuné Kasperaviciené, Jurgita Motiejiniené, and
Irena PataSiené. 2020. Quality assessment of ma-
chine translation output: Cognitive evaluation ap-
proach in an eye tracking experiment. Texto Livre,
13(2):271-285.

526


https://doi.org/10.7202/1008339ar
https://doi.org/10.7202/1008339ar
https://doi.org/10.7202/1008339ar
https://doi.org/doi.org/10.1075/btl.108.04bay
https://doi.org/doi.org/10.1075/btl.108.04bay
https://doi.org/10.4324/9781315178127-21
https://aclanthology.org/2022.eamt-1.42
https://aclanthology.org/2022.eamt-1.42
https://doi.org/10.1016/j.visres.2012.01.014
https://doi.org/10.1016/j.visres.2012.01.014
https://doi.org/10.1016/j.visres.2012.01.014
https://aclanthology.org/2022.lrec-1.4
https://aclanthology.org/2022.lrec-1.4
https://doi.org/10.3389/fpsyg.2023.1066303
https://doi.org/10.3389/fpsyg.2023.1066303
https://doi.org/10.3389/fpsyg.2023.1066303
https://aclanthology.org/2024.ctt-1.6
https://aclanthology.org/2024.ctt-1.6
https://doi.org/10.1093/schbul/sbaa107
https://doi.org/10.1093/schbul/sbaa107
https://aclanthology.org/2024.ctt-1.2
https://aclanthology.org/2024.ctt-1.2
https://doi.org/10.16910/jemr.13.3.4
https://doi.org/10.16910/jemr.13.3.4
https://doi.org/10.16910/jemr.13.3.4
https://doi.org/10.16910/jemr.13.3.4
https://aclanthology.org/2020.lrec-1.468
https://aclanthology.org/2020.lrec-1.468
https://aclanthology.org/2020.lrec-1.468
https://doi.org/10.1007/978-3-031-14689-3
https://doi.org/10.1007/978-3-031-14689-3
https://doi.org/10.3389/fnhum.2015.00186
https://doi.org/10.3389/fnhum.2015.00186
https://doi.org/10.3389/fnhum.2015.00186
https://doi.org//10.35699/1983-3652.2020.24399
https://doi.org//10.35699/1983-3652.2020.24399
https://doi.org//10.35699/1983-3652.2020.24399

Dorothy Kenny and Marion Winters. 2020. Machine
translation, ethics and the literary translator’s voice.
Translation Spaces, 9(1):123-149.

Jeremy Klemin. 2024. The last frontier of machine
translation. The Atlantic.

Waltraub Kolb. 2021. ‘I am a bit surprised’: Liter-
ary translation and post-editing: Priming effects and
engagement with the text. In Computer-Assisted Lit-
erary Translation Conference CALT2021 @ Swansea,
23, pages 53-68.

Martin Kroon. 2023. Towards the Automatic Detection
of Syntactic Differences. Ph.D. thesis, University of
Leiden.

Paul Kussmaul. 1991. Creativity in the translation pro-
cess: Empirical approaches. In Kitty M. Leuven-
Zwart and Ton Naaijkens, editors, Translation Stud-
ies: The State of the Art. Proceedings of the First
James S. Holmes Symposium on Translation Studies,
pages 91-101. Rodopi, Amsterdam, NL.

Paul Kussmaul. 1995. Training the Translator. John
Benjamins Publishing, Amsterdam, NL.

Paul Kussmaul. 2000a. A cognitive framework for look-
ing at creative mental processes. In Maeve Olohan,
editor, Intercultural Faultlines Research Models in
Translation Studies: v. 1: Textual and Cognitive As-
pects, pages 59-71. Routledge, London, UK.

Paul Kussmaul. 2000b. Types of creative translating. In
Translation in Context: Selected papers from the EST
Congress, Granada 1998, pages 117-126, Amster-
dam, NL. John Benjamins Publishing.

KVB Boekwerk. Anderstaligheid lezen, lenen en kopen:
Themameting voor de boekenbranch [online]. 2022.

KVB Boekwerk. Verkoopcijfers 2024 [online]. 2025.

Alexandre Lacoste, Alexandra Luccioni, Victor
Schmidt, and Thomas Dandres. 2019. Quantifying
the carbon emissions of machine learning. arXiv
preprint arXiv:1910.09700.

Marie-Aude Lefer. 2021. Parallel corpora. In M. Paquot
and S.T. Gries, editors, A Practical Handbook of
Corpus Linguistics. Springer.

Lieve Macken. 2024. Machine translation meets large
language models: Evaluating ChatGPT’s ability to
automatically post-edit literary texts. In Proceedings
of the 1st Workshop on Creative-text Translation and
Technology, pages 65-81, Sheffield, United Kingdom.
European Association for Machine Translation.

Lieve Macken, Bram Vanroy, Luca Desmet, and Arda
Tezcan. 2022. Literary translation as a three-stage
process: machine translation, post-editing and revi-
sion. In Proceedings of the 23rd Annual Conference
of the European Association for Machine Translation,
pages 101-110, Ghent, Belgium. European Associa-
tion for Machine Translation.

Naser Al Madi, Cole S. Peterson, Bonita Sharif, and
Jonathan Maletic. 2020. Can the e-z reader model
predict eye movements over code? towards a model
of eye movements over source code. In ACM Sym-
posium on Eye Tracking Research and Applications,
ETRA ’20 Short Papers, New York, NY, USA. Asso-
ciation for Computing Machinery.

Francesco Masulli, Martina Galluccio, Christophe-Loic
Gerard, Hugo Peyre, Stefano Rovetta, and Maria Pia
Bucci. 2018. Effect of different font sizes and
of spaces between words on eye movement perfor-
mance: An eye tracker study in dyslexic and non-
dyslexic children. Vision Research, 153:24-29.

Evgeny Matusov. 2019. The challenges of using neural
machine translation for literature. In Proceedings of
the Qualities of Literary Machine Translation, pages
10-19, Dublin, Ireland. European Association for
Machine Translation.

Katsumi Minakata and Sofie Beier. 2021. The effect
of font width on eye movements during reading. Ap-
plied Ergonomics, 97.

TjaSa Mohar, Sara Orthaber, and TomaZ Onic. 2020.
Machine translated Atwood: Utopia or dystopia?
ELOPE: English Language Overseas Perspectives
and Enquiries, 17(1):125-141.

Joss Moorkens, Antonio Tora, Sheila Castilho, and
Andy Way. 2018. Translators’ perceptions of liter-
ary post-editing using statistical and neural machine
translation. Translation Spaces, 7(2):240-262.

Diane C. Méziere, Erik D. Reichle Lili Yu, Titus von der
Malsburg, and Genevieve McArthur. 2023. Using
eye-tracking measures to predict reading comprehen-
sion. Reading Research Quarterly, 58(3):425-449.

Hermann J Miiller, Thomas Geyer, Franziska Giinther,
Jim Kacian, and Stella Pierides. 2017. Reading
English-Language Haiku: Processes of meaning con-
struction revealed by eye movements. Journal of Eye
Movement Research, 10(1):1-33.

Keith Rayner and Eyal M Reingold. 2015. Evidence for
direct cognitive control of fixation durations during
reading. Current Opinion in Behavioral Sciences,
1:107-112. Cognitive control.

Erik D. Reichle and Eyal M. Reingold. 2013. Neuro-
physiological constraints on the eye-mind link. Fron-
tiers in Human Neuroscience, 7(1).

Mehmet Sahin and Sabri Giirses. 2019. Would MT kill
creativity in literary retranslation? In Proceedings of
the Qualities of Literary Machine Translation, pages
26-34, Dublin, Ireland. European Association for
Machine Translation.

Johnny Saldafia. 2016. The Coding Manual for Qualita-
tive Researchers (3E). SAGE, London, UK.

527


https://doi.org/10.1075/ts.00024.ken
https://doi.org/10.1075/ts.00024.ken
https://www.theatlantic.com/technology/archive/2024/01/literary-translation-artificial-intelligence/677038/
https://www.theatlantic.com/technology/archive/2024/01/literary-translation-artificial-intelligence/677038/
https://doi.org/10.48273/LOT0629
https://doi.org/10.48273/LOT0629
https://doi.org/10.1163/9789004488106_011
https://doi.org/10.1163/9789004488106_011
https://doi.org/10.1075/btl.10
https://doi.org/10.4324/9781315759951-5
https://doi.org/10.4324/9781315759951-5
https://doi.org/10.1075/btl.39.14kus
https://kvbboekwerk.nl/wp-content/uploads/2022/09/866562-Rapport-Boekenbranche-Anderstaligheid-M60_v2.0.pdf
https://kvbboekwerk.nl/wp-content/uploads/2022/09/866562-Rapport-Boekenbranche-Anderstaligheid-M60_v2.0.pdf
https://kvbboekwerk.nl/monitor/markt/verkoopcijfers-2024
https://doi.org/10.1007/978-3-030-46216-1_12
https://aclanthology.org/2024.ctt-1.7
https://aclanthology.org/2024.ctt-1.7
https://aclanthology.org/2024.ctt-1.7
https://aclanthology.org/2022.eamt-1.13
https://aclanthology.org/2022.eamt-1.13
https://aclanthology.org/2022.eamt-1.13
https://doi.org/10.1145/3379156.3391983
https://doi.org/10.1145/3379156.3391983
https://doi.org/10.1145/3379156.3391983
https://doi.org/10.1016/j.visres.2018.09.008
https://doi.org/10.1016/j.visres.2018.09.008
https://doi.org/10.1016/j.visres.2018.09.008
https://doi.org/10.1016/j.visres.2018.09.008
https://aclanthology.org/W19-7302
https://aclanthology.org/W19-7302
https://doi.org/10.1016/j.apergo.2021.103523
https://doi.org/10.1016/j.apergo.2021.103523
https://doi.org/10.4312/elope.17.1.125-141
https://doi.org/10.1075/ts.18014.moo
https://doi.org/10.1075/ts.18014.moo
https://doi.org/10.1075/ts.18014.moo
https://doi.org/10.1002/rrq.498
https://doi.org/10.1002/rrq.498
https://doi.org/10.1002/rrq.498
https://doi.org/0.16910/10.1.4
https://doi.org/0.16910/10.1.4
https://doi.org/0.16910/10.1.4
https://doi.org/10.1016/j.cobeha.2014.10.008
https://doi.org/10.1016/j.cobeha.2014.10.008
https://doi.org/10.1016/j.cobeha.2014.10.008
https://doi.org/10.3389/fnhum.2013.00361
https://doi.org/10.3389/fnhum.2013.00361
https://aclanthology.org/W19-7304
https://aclanthology.org/W19-7304

Hildur E. H. Schilling, Keith Rayner, and James 1.
Chumbley. 1998. Comparing naming, lexical de-
cision, and eye fixation times: Word frequency ef-

fects and individual differences. Memory Cognition,
26:1270—1281.

Elizabeth R. Schotter, Alexander Pollatsek, and Keith
Rayner. 2017. Reading. In Reference Module in Neu-
roscience and Biobehavioral Psychology. Elsevier.

Vasileios Skaramagkas, Giorgos Giannakakis, Em-
manouil Ktistakis, Dimitris Manousos, loannis
Karatzanis, Nikolaos Tachos, Evanthia Tripoliti,
Kostas Marias, Dimitrios I Fotiadis, and Manolis
Tsiknakis. 2023. Review of eye tracking metrics in-
volved in emotional and cognitive processes. IEEE
reviews in biomedical engineering, 16:260-277.

Jungha Son and Boyoung Kim. 2023. Translation per-
formance from the user’s perspective of large lan-
guage models and neural machine translation sys-
tems. Information, 14(10).

Rosy Southwell, Julie Gregg, Robert Bixler, and Sid-
ney K. D’Mello. 2020. What eye movements re-
veal about later comprehension of long connected
texts. Cognitive Science: A Multidisciplinary Jour-
nal, 44(10):1-24.

Robyn Speer. 2022. rspeer/wordfreq: v3.0.

Maria Stasimioti, Vilelmini Sosoni, Katia Kermanidis,
and Despoina Mouratidis. 2020. Machine translation
quality: A comparative evaluation of SMT, NMT and
tailored-NMT outputs. In Proceedings of the 22nd
Annual Conference of the European Association for
Machine Translation, pages 441-450, Lisboa, Portu-
gal. European Association for Machine Translation.

Sara Stymne, Henrik Danielsson, Sofia Bremin,
Hongzhan Hu, Johanna Karlsson, Anna Prytz Lil-
lkull, and Martin Wester. 2012. Eye tracking as a tool
for machine translation error analysis. In Proceed-
ings of the Eighth International Conference on Lan-
guage Resources and Evaluation (LREC’12), pages
1121-1126, Istanbul, Turkey. European Language
Resources Association (ELRA).

Arda Tezcan, Joke Daems, and Lieve Macken. 2019.
When a ‘sport’ is a person and other issues for NMT
of novels. In Proceedings of the Qualities of Literary
Machine Translation, pages 40-49, Dublin, Ireland.
European Association for Machine Translation.

Antonio Toral. 2019. Post-editese: an exacerbated
translationese. In Proceedings of Machine Trans-
lation Summit XVII: Research Track, pages 273-281,
Dublin, Ireland. European Association for Machine
Translation.

Antonio Toral, Andreas Van Cranenburgh, and Tia Nut-
ters. 2023. Literary-adapted machine translation in a
well-resourced language pair. In Andrew Rothwell,
Andy Way, and Roy Youdale, editors, Computer-
Assisted Literary Translation, pages 27-52. Rout-
ledge, New York, US.

Antonio Toral, Martijn Wieling, and Andy Way. 2018.
Post-editing effort of a novel with statistical and neu-
ral machine translation. Frontiers in Digital Humani-
ties, 5(9).

Débora Torres, Wagner R. Sena, Humberto A. Carmona,
André A. Moreira, Hernan A. Makse, and José S. An-
drade Jr. 2021. Eye-tracking as a proxy for coherence
and complexity of texts. PLOS ONE, 16(2).

Bram Vanroy, Moritz Schaeffer, and Lieve Macken.
2022. Comparing the effect of product-based metrics
on the translation process. Frontiers in Psychology,
12.

Callum Walker. 2021. Eye-tracking study of equivalent
effect in translation : the reader experience of literary
style. Palgrave Macmillan.

Rebecca Webster, Margot Fonteyne, Arda Tezcan, Lieve
Macken, and Joke Daems. 2020. Gutenberg goes
neural: Comparing features of Dutch human trans-
lations with raw neural machine translation outputs
in a corpus of English literary classics. Informatics,
7(32).

Bogustawa Whyatt, Ewa Tomczak-Lukaszewska, Olga
Witczak, and Olha Lehka-Paul. 2024. Readers have
to work harder to understand a badly translated text:
An eye-tracking study into the effects of translation
errors. Perspectives, pages 1-21.

Elizabeth Wonnacott, Holly S S L Joseph, James S Adel-
man, and Kate Nation. 2016. Is children’s reading
“good enough”? links between online processing and
comprehension as children read syntactically ambigu-
ous sentences. Quarterly Journal of Experimental

Psychology, 69(5):855-879.

Alfred L. Yarbus. 1967. Eye Movements and Vision.
Springer New York, NY.

Ran Zhang, Wei Zhao, and Steffen Eger. 2024. How
good are LL.Ms for literary translation, really? liter-
ary translation evaluation with humans and LLMs.
Preprint, arXiv:2410.18697.

528


https://doi.org/10.3758/BF03201199
https://doi.org/10.3758/BF03201199
https://doi.org/10.3758/BF03201199
https://doi.org/10.1016/B978-0-12-809324-5.01895-2
https://doi.org/10.1109/RBME.2021.3066072
https://doi.org/10.1109/RBME.2021.3066072
https://doi.org/10.3390/info14100574
https://doi.org/10.3390/info14100574
https://doi.org/10.3390/info14100574
https://doi.org/10.3390/info14100574
https://doi.org/10.1111/cogs.12905
https://doi.org/10.1111/cogs.12905
https://doi.org/10.1111/cogs.12905
https://doi.org/10.5281/zenodo.7199437
https://aclanthology.org/2020.eamt-1.47
https://aclanthology.org/2020.eamt-1.47
https://aclanthology.org/2020.eamt-1.47
http://www.lrec-conf.org/proceedings/lrec2012/pdf/192_Paper.pdf
http://www.lrec-conf.org/proceedings/lrec2012/pdf/192_Paper.pdf
https://aclanthology.org/W19-7306
https://aclanthology.org/W19-7306
https://aclanthology.org/W19-6627
https://aclanthology.org/W19-6627
https://doi.org/10.4324/9781003357391-3
https://doi.org/10.4324/9781003357391-3
https://doi.org/10.3389/fdigh.2018.00009
https://doi.org/10.3389/fdigh.2018.00009
https://doi.org/10.1371/journal.pone.0260236
https://doi.org/10.1371/journal.pone.0260236
https://doi.org/10.3389/fpsyg.2021.681945
https://doi.org/10.3389/fpsyg.2021.681945
https://doi.org/10.1007/978-3-030-55769-0
https://doi.org/10.1007/978-3-030-55769-0
https://doi.org/10.1007/978-3-030-55769-0
https://doi.org/10.3390/informatics7030032
https://doi.org/10.3390/informatics7030032
https://doi.org/10.3390/informatics7030032
https://doi.org/10.3390/informatics7030032
https://doi.org/10.1080/0907676X.2024.2418016
https://doi.org/10.1080/0907676X.2024.2418016
https://doi.org/10.1080/0907676X.2024.2418016
https://doi.org/10.1080/0907676X.2024.2418016
https://doi.org/10.1080/17470218.2015.1011176
https://doi.org/10.1080/17470218.2015.1011176
https://doi.org/10.1080/17470218.2015.1011176
https://doi.org/10.1080/17470218.2015.1011176
https://doi.org/10.1007/978-1-4899-5379-7
https://arxiv.org/abs/2410.18697
https://arxiv.org/abs/2410.18697
https://arxiv.org/abs/2410.18697

A Sustainability Statement: Energy costs
and CO2 Emission Related to
Experiments

Experiments in this paper made use of already exist-
ing contents (the raw MT output had been created
for the previous experiment by Guerberof-Arenas
and Toral (2024) and no additional models were
trained, optimised or used. Therefore, there were
no energy costs or carbon dioxide emissions for
computational efforts related to the creation of this
paper (Lacoste et al., 2019).

B Appendix: Questionnaire

The questionnaire was created in English and then
translated into Dutch. As explained above, the
questionnaire has a pre-task and a post-task part.
The pre-task part focuses on demographics and
reading habits. The demographics included ques-
tions on gender, age, education, employment and
native language. The questions on reading habits
asked about how often participants read, how much
they enjoy reading, in which ways they read (phys-
ical book, e-book, audiobook, tablet, laptop, etc.),
in which language they read (percentage-based),
which genres they prefer, how often they read in
Dutch and how long they read for typically.

The post-task part of the questionnaire consisted
out of four sections. The first section was com-
prehension and was related to details of the story
and were multiple-choice. As we did not discuss
the story in detail in the article, we decided not to
include all questions (and potential answers) here—
they can however be found on https://github.
com/KyoGerrits/To-MT-or-not-to-MT.

The other three section were scored on a 7-point
Likert scale. For narrative engagement the ques-
tions were:

1. At times, I struggled to understand what was
happening in the story

2. My understanding of the character is unclear

3. Thad a hard time recognizing the thread of the
story

4. My mind wandered while reading the text

5. While reading, I found myself thinking about
other things

6. I had a hard time keeping my mind on the text
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7. While reading, my body was in the room, but
my mind was inside the world created by the
story

8. The text created a new world, and then that
world suddenly disappeared when the story
ended

9. At times when reading, the story world was
closer to me than the real world

10. During the story, I felt sad when a main char-
acter suffered in some way.

11. The story affected me emotionally.
12. I felt sorry for some of the characters

13. While reading the story I had a clear image of
what the main character looked like.

14. While reading the story I could envision the
situations described

15. I could imagine what the setting of the story
looked like.

For enjoyment:
1. Did you enjoy the text?

2. How likely is it that you would recommend
the text to a friend?

3. Would you consider this text high literature?
For translation reception:

1. The text was easy to understand

2. The text was well-written

3. I encountered words, sentences or paragraphs
that were difficult to understand (including a
box to write down which ones)

4. T encountered words, sentences or paragraphs
that I found very beautiful (including a box to
write down which ones)

5. I'noticed I was reading a translation (including
a box to indicate how people noticed)

6. What did you think of the translation?

7. Would you like to read a text by the same
author and translator?

8. Would you like to read a text by the same
author, but by a different translator?


https://github.com/KyoGerrits/To-MT-or-not-to-MT
https://github.com/KyoGerrits/To-MT-or-not-to-MT

9. Would you like to read a text by a different
author, but the same translator?

In Guerberof-Arenas and Toral (2024)’s study,
the Cronbach’s alpha reliability coefficient (o)) was
0.85 for narrative engagement, 0.87 for enjoyment
and 0.79 for translation reception. These are good
scores for reliability and shows the reliability of the
scales. For completeness’ sake, we also calculated
Cronbach’s alpha with our data. We had scores
respectively of 0.847, 0.813, and 0.915, of which
the first two are considered good and the final one
excellent.

C Appendix: Eye-tracking statistics

C.1 Overview eye-tracking results per word
(dataset I)

This section includes the overview of the eye-
tracking data for all the dependent variables (TFD,
FPT, RP, FC & RC) according to our independent
variables (Modality, Creativity and Error) in dataset
I, that is, the dataset per word instead of per unit,
dataset II, as was used in the main analysis.

Tables 7, 8, 9, 10, and 11 show the descriptive
values for each of our dependent variables (TFD,
FPT, RP, FC, and RC) per word. Comparing the
table with the descriptive results for the dependent
variables per unit (see Table 4 for TFD and the
Tables CHECK below for the other dependent vari-
ables per unit), we see similar results as we saw in
the descriptive results per unit (dataset II).

IVs Cat. n Mean (SD) Med. Min Max
HT 5164 257 (275) 205 0 4042

Modality MT 5204 192 (199) 177 0 2266
PE 5160 177 (215) 156 0 3034

ST 5096 316 (378) 210 0 3629

CS 1350 259 (291) 204 0 3484

Creativity ~ Rep. 2948 243 (264) 199 0 4042
Not 11230 193 (216) 171 0 2560

Errors Yes 1704 243 (249) 198 0 3034
) No 13824 205 (232) 176 0 4042

Table 7: Overview of the eye-tracking data for TFD (in
ms.) on each independent variable, per word (dataset I)

IVs Cat. n Mean (SD) Med. Min Max
HT 5164 158(124) 169 0 995
) MT 5204 136 (115) 155 0 1067
Modality b 5160 124 (121) 138 0 981
ST 5096 152(127) 158 0 1129
cS 1350 156 (122) 168 0 303
Creativity ~ Rep. 2948 154 (124) 166 0 981
Not 11230  134(119) 150 0 1067
Errors Yes 1704 152(118) 165 0 803
No 13824  138(121) 153 0 1067

Table 8: Overview of the eye-tracking data for FPT (in
ms.) on each independent variable, per word (dataset I)

IVs Cat. n Mean (SD) Med. Min Max
HT 5164 279 (506) 202 0 20055
Modality MT 5204 205 (351) 173 0 8806
PE 5160 214 (362) 161 0 7335
ST 5096 289 (535) 191 0 16107
CS 1350 286 (446) 200 0 60313
Creativity ~ Rep. 2948 264 (400) 197 0 8330
Not 11230 277 (552) 185 0 16107
Yes 1704 152 (118) 165 0 803
Errors
No 13824 228 (415) 176 0 20005

Table 9: Overview of the eye-tracking data for RP (in
ms.) on each independent variable, per word (dataset I)

IVs Cat. n Mean (SD) Med. Min Max
HT 5164 1201 (L.16D) 1 0 3
. MT 5204  0.962(0.945) 1 0 8
Modality  pp 5160  0.865(0.956) 1 0 15
ST 5096  1.540(1.682) 1 0 16
CS 1350  1.208(1.240) 1 0 3
Creativity ~ Rep. 2948  1.148(L.127) 1 0 15
Not 11230  0.950(0.975) 1 0 10
Errors Yes 1704  LI73(L113) 1 0 11
No 13824 0990 (1.024) 1 0 15

Table 10: Overview of the eye-tracking data for FC on
each independent variable, per word (dataset I)

IVs Cat. n Mean (SD) Med. Min Max
HT 5164 0.204 (0.475) 0O 0 5
Modality MT 5204 0.142(0.574) 0 0 29
PE 5160 0.151(0.425) O 0 10
ST 5096 0.165(0.451) 0 0 6
CS 1350 0.221(0.554) 0 0 10
Creativity ~ Rep. 2948 0.184 (0.700) 0 0 29
Not 11230 0.154(0.418) 0 0 6
Errors Yes 1704 0.218(0.880) 0O 0 29
No 13824  0.159 (0.426) 0O 0 6

Table 11: Overview of the eye-tracking data for RC on
each independent variable, per word (dataset I)

For TFD, we see higher mean results here, al-
though median scores overlap considerably. Fur-
thermore, we see higher SDs here as well. This
makes sense as all individual words are included in
this dataset (dataset I) and dataset II is normalised
per word over units, reducing variance. However,
the trends remain the same here. For FPT, HT has
a higher mean FPT than ST here, and the differ-
ences are less pronounced than in dataset II. This
is similar to FC and RC in dataset I, where we see
low measures overall and that the mean of HT is
higher than that of ST. For RP, the high SDs across
all conditions stand out. This could be caused by
relatively long regressions if a word was not un-
derstood or new, while other words were looked
at much easier and quicker. In terms of mean and
median values, we still see comparable results as in
the other dependent variables and as in the dataset
1L

We also include the box plots for TFD for the
independent variables (Modality, Creativity and Er-
rors) for all units per word. These are shown in
Figure 6. These figures show similar results as
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Figure 4, with HT and ST showing slightly higher
TFD values compared to MT and PE. CS and Rep
also have slightly higher values than Non-UCPs.
Finally, the units that have a presence of errors
has narrowly higher TFD scores than those with-
out errors. The box plots for the other dependent
variables show a similar trend, with little difference
between the conditions.
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Figure 6: Box plots of TFD (in ms.) for all independent
variables (Modality, Creativity and Errors), for dataset |
(word-level).

C.2 Overview eye-tracking data for FPT, RP,
FC,RC

This section shows the descriptive values of the
eye-tracking data for our other dependent variables
(FPT, RP, FC, RC) for database II. The results for
TFD are in the main body, see Table 4.

v Cat. n Mean (SD) Med. Min Max

HT 918 164 (71) 159 0 644

, MT 896 145 (64 139 0 484
Modality  pp g5y 139 581; 122 0 1644

ST 924  158(79) 15 0 584

CS 359 165 (79) 6l 0 674

Creativity ~ Rep. 728 158 (72) 152 0 644
Not 1607 137 (72) 1381 0 1644

Errors Yes 692 151 (67) 0 674
No 2002 145 (76) 138 0 1644

Table 12: Overview of the eye-tracking data for FPT (in
ms., normalised for words per unit (dataset II)) on each
independent variable.

Comparing the descriptive values of FPT, RP,
FC, and RC in Tables 12, 13, 14 and 15 with those
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v Cat n Mean (SD) Med. Min Max
HT 918 319 (346) 241 0 4042
Modality MT 896 250 (261) 199 0 4322
PE 880 232 (246) 171 0 3663
ST 924 429 (536) 258 0 3921
CS 359 331 (329) 247 0 2774
Creativity ~ Rep. 728 317 (374) 228 0 4322
Not 1607 231 (226) 189 0 3775
Errors Yes 692 151 (67) 142 0 674
No 2002 264 (278) 202 0 4042

Table 13: Overview of the eye-tracking data for RP (in
ms., normalised for words per unit (dataset II)) on each
independent variable.

1A% Cat. n Mean (SD) Med. Min Max
HT 918 1.363 (1.012) 1 0 10
Modality MT 896 1.085 (0.748) 1 0 9
PE 880 1.002 (0.812)  0.88 0 14
ST 924 1.604 (1.173) 1.25 0 9
CS 359 1.389 (1.067) 1 0 73
Creativity ~ Rep. 728 1.383 (1.074) 1 0 10
Not 1607  0.995 (0.678) 1 0 14
Errors Yes 692 1.176 (0.796) 1 0 9
i No 2002 1.144 (0.907) 1 0 14

Table 14: Overview of the eye-tracking data for FC
(normalised for words per unit (dataset II)) on each
independent variable.

v Cat. n Mean (SD) Med. Min Max
AT 918 0.77(0305) 0 0 3
. MT 896  0.152(0312) 0 0 4
Modality  pp 880  0.179(0.284) 0.0 0 4
ST 924  0459(0.559) 033 0 7

CS 359  0.198(0.298) 0O 0 1.67

Creativity ~Rep. 728  0.198(0.299) 0 0 1.67
Not 1607 0.151(0.251) 0.06 0 4
Errors Yes 602 0.071(0323) 004 0 7
No 2002 0.168(0.292) 0 0 4

Table 15: Overview of the eye-tracking data for RC
(normalised for words per unit (dataset 1I)) on each
independent variable.

in Table 4 for TFD, we see similar results across
the board with some small difference. For FPT,
we see that mean score for HT is higher than the
mean score of ST. For RP, on the other hand, the
difference between ST and the other modalities
is higher. For FC, the only difference is that the
differences between the values are smaller than
they were for TFD. For RC, what stands out are
the low scores (almost all between 0.151 and 0.198,
with 5 out of 9 categories with a median score of
ZEero).

C.3 GAM analysis

Table 16 shows all results from the GAM analysis
(whereas Table 5 in the main body only showed
partial results). This includes the two-way interac-
tions with Errors (not significant) and all three-way
interactions (not relevant for the RQs).

The results for the two-way interactions with
Errors are not significant, although the directions



Effects Levels Mean SD p-value
Inter- 1.674 0.0164 N/A
cept
HT 0.0748 0.0396  0.059
Mod- MT -0.0230  0.0396  0.743
ality PE -0.0489  0.0688  0.477
HT (v.PE) 0.1237 0.0795  0.120
Crea- CS 0.0356 0.0084  2.6x107 7"
tivity Rep. 0.0569  0.0069  2.5x10~16***
Errors Yes 0.0009 0.0054  0.867
Inter- HT: CS -0.0069  0.0140  0.621
actions MT: CS -0.0452  0.0173  0.009**
between PE:CS 0.0834 0.0334  0.012*
modal- HT (v.PE) 00765 00378  0.042*
ity : CS
& HT : Rep 0.0299 0.0135  0.027F
creativ- MT : Rep -0.0074  0.0102 0470
ity PE : Rep 0.0447 0.0175  0.011*
HT (vPE) 0.0747 0.0237  0.001*
: Rep
Inter- HT : Error -0.0064  0.0125  0.610
actions MT : Error 0.0013 0.0124 0914
between PE : Error -0.0091 0.0232 0.696
Mod. & HT (v.PE) 200155 00278 0579
Errors : Error
Interact. CS : Errors -0.0209  0.0135 0.122
Crea. & Rep : Errors -0.0104  0.0103  0.308
Errors
Three way HT : CS : Error -0.0314  0.0294  0.285
inter- MT : CS : Error 0.0047 0.0332  0.888
actions PE : CS : Error -0.0408 0.0629 0.517
between HT (v.PE)
Modality, . CS - Error -0.0722  0.0724  0.318
Creativity HT : Rep : Error 0.0667 0.0281 0.0187
& Errors MT :Rep: Error  0.0183 0.0215  0.394
PE : Rep : Error 0.0301 0.0370 0415
HT (,V'PE) 0.0969 0.0497  0.051
Rep : Error

Table 16: All main effects and interaction effects from
the GAM model on TFD (log-transformed duration data
in ms.), ¥**p <.001, **p <.01, *p <.05

are not surprising. The negative effect for HT, PE
and HT compared specifically to PE reveal that
generally participants spent less cognitive load on
errors in these modalities, which fit our intuition
that errors in MT require a higher cognitive load
than errors in the other modalities; however, this
value is not significant.

C.3.1 Analysis of segments without fixations

1v Cat. #ofzeros Y% of zeros
HT 25 2.7%
Mod. MT 17 1.9%
PE 29 3.3%
CS 18 5%
Crea. Rep. 12 1.6%
Not 41 2.6%
Brr Yes 4 0.6%
’ No 67 3.3%
Total 71 2.6%

Table 17: Frequency tables for segments without fixa-
tions (compared to the total number of segments) for
each IV.

To analyse the segments with no fixations—as
complement to the GAM-analysis—we created fre-
quency tables for these segments for each indepen-

dent variable, as seen in Table 17. We conducted
Chi-Square Goodness-of-Fit Tests for each inde-
pendent variable, but there were no significant val-
ues for Modality, Creativity or Errors. There is thus
no significant effect of either Modality, Creativity
or Errors when participants skipped words.

C.4 Non-parametric tests

As the dependent variables FPT, RP, FC and RC
did not meet assumptions for a GAM analysis, we
conducted non-parametric tests for these variables
across our independent variables Modality, Creativ-
ity and Errors. Non-parametric tests only work
on aggregated results—one measurement per par-
ticipant, or per condition when handling repeated
measures—so we calculated the means per partic-
ipants and per category for each of the variables,
see Table 18 for descriptive data for FPT, RP, FC
and RC.

Part. | IVs Lev. n FPT RP FC RC
Mod.  MT 2602 115.80 13375 0.793  0.279
CS 87 99.07 100.73  0.558  0.135
B Crea.  Rep 635 128.27 157.18  0.886  0.828
Not 1880  112.36 127.37  0.772  0.305
Err. Yes 411 131.20 162.18  0.988 1.258
No 2191 112.90 12842  0.765 0474
Mod. HT 2582 169.46 247.67 1.316  0.155
CS 312 178.17 29524  1.590  0.247
3C Crea Rep 422 187.74 289.18 1.498  0.161
Not 1848 163.81 230.16 1.228  0.138
Err Yes 166 178.07 268.87 1.470  0.181
No 2416 168.87 246.22 1.305  0.153
4D Mod. ST 2548 183.62 317.37  2.115  0.062
Mod.  PE 2580  115.87 18476 0.688  0.113
CS 276 140.42 24139 0819  0.143
sA Crea Rep 417 128.35 217.87  0.803  0.100
Not 1887 163.81 230.16 1.228  0.138
Err. Yes 275 138.84 24728  0.864  0.148
No 2305 113.63 177.36  0.667  0.109
Mod.  HT 2582 146.80 310.73 1.086  0.254
CS 312 169.23 413.32 1.385  0.304
6C Crea Rep 422 168.05 360.88 1.268  0.296
Not 1848 138.16 281.96 0995 0.236
Err. Yes 166 150.54 300.17 1.102  0.211
No 2416 146.54 311.45 1.085  0.257
Mod.  MT 2602 156.46 277.87 1.133  0.169
CS 87 167.50 220.55 1.081  0.163
7B Crea Rep 635 165.85 322.83 1.294  0.200
Not 1880  152.801 265.42 1.081 0.159
Err Yes 411 168.44 368.23 1.457  0.257
No 2191 154.24 261.16 1.073  0.153
8D Mod. ST 2548 123.18 261.98 1.004  0.261
Mod.  PE 2580 131.66 241.51 1.036  0.187
CS 276 143.29 254.11 1.192  0.246
9A Crea Rep 417 150.37 262.95 1.189  0.197
Not 1887 125.83 23494 0979  0.176
Err Yes 275 158.68 285.09 1.193  0.255
No 2305 128.44 236.32 1.017  0.179

Table 18: Aggregated means per participant and per cat-
egory for each of the variables, for the non-parametric
tests. Including number of observations per category,
mean FPT, mean RP, mean FC and mean RC.

For the independent variable Modality and the
dependent variables FPT, RP, FC and RC, we con-
ducted a series of Kruskal-Wallis H tests. However,
none of the results were significant. This was some-
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what surprising given the differences between the
modalities observed earlier for TFD. For the in-
dependent variable Creativity and the dependent
variables FPT, RP, FC and RC, we conducted Fried-
man’s Tests (RQ2). We found significant results
for the dependent variables FPT (X?(2) =6.3,p =
0.042) and FC (X2(2) = 6.3, p = 0.042), but not for
the others. Post-hoc comparisons, using Wilcoxon
Rank Sum tests with Holm-Bonferroni correction,
did not yield significant results between levels of
Creativity. We wanted to analyse our independent
variable Creativity further, to see whether there
was any difference between UCPs (CS and Rep.),
comparing CS to Reproductions specifically (and
leaving out the non-UCPs). We conducted a series
of Mann Whitney U tests to compare data for TFD,
FPT, RP, FC and RC for CS and Reproductions, but
none of these tests were significant. The analyses
show that creativity overall had an effect on our
participants’ cognitive load, as we had also seen
in the GAM analysis, further supporting a positive
answer to our second research question that readers
have higher cognitive load in UCP than other units.

To look at the effect of Errors, we conducted
a series of Friedman’s Test for the independent
variable Errors for our dependent variables FPT,
RP, FC and RC, but none of these were signifi-
cant. So, although errors increase reading time in
general, this is not significant as the GAM model
also showed. We also checked for the effect of
severity (none, minor and major) and type of error.
Only the first was significant, specifically for FPT
(X2(2) = 6.3, p=0.042) and FC (X?>(2) = 6.3, p =
0.042); however, here too, post-hoc Wilcoxon rank
sum tests with Holm-Bonferroni correction did not
reach significance.

This supports the results from the GAM analysis
on TFD, with a significant result for Creativity but
not for Modality and Errors. There thus seems
to be increased cognitive load for UCPs (CS &
Reproductions) (RQ1), but not between CS and
Reproductions (RQ3) nor for errors (RQ4).

C.5 Frequency analyses

We include here the frequency analyses for FPT
and RP. FC and RC are not included as these are
count data and do not meet the assumptions for
Pearson’s or Spearman’s correlation.

Figure 7 shows the scatter plot for word fre-
quency and FPT (log-transformed). We see a sim-
ilar picture as what we saw in Figure 5, with no
clear trend for Creativity across word frequency.

Creativity
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® Non-UCP
# Reproduction

Frequency
Y

0 * * S4B 40 HEEDENENE
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Figure 7: Scatter plot of word frequency and FPT (log-
transformed). Colour indicates Creativity annotation,
showing no clear trend.
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Figure 8: Scatter plot of word frequency and RP (log-
transformed). Colour indicates Creativity annotation,
showing no clear trend.

Spearman’s correlation shows again a low negative
correlation (p = 0.23)—even lower than for TFD;
this too is highly significant (p < 0.0005). We again
see that though there is some relation between FPT
and word frequency this is only a low correlation,
so there seems to be other factors influencing FPT
as well.

Figure 8 shows the scatter plot for word fre-
quency and RP (log-transformed). We see a sim-
ilar picture as what we saw in Figure 5, with no
clear trend for Creativity across word frequency.
Spearman’s correlation shows again a low negative
correlation (p = 0.29)—similar to TFD; this too is
significant (p < 0.0005). We again see that though
there is some relation between RP and word fre-
quency this is only a low correlation, so there seems
to be other factors influencing RP.

So, for our three continuous dependent variables
(TED, FPT, and RP) we see a low negative correla-
tion with word frequency. This means that there is
a link between word frequency and cognitive load
measured, but as this is low, there seems to be other
factors influencing the cognitive load exerted.
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D Appendix: Analysis of the retrospective
think-aloud interviews (RTA)

This appendix contains the more detailed analysis
of the retrospective think aloud interviews. Due to
constraints of space, only a quick overview of the
results per modality are discussed in the main body
of the article. Here we present a more detailed
analysis of the themes. The interviews were all
coded by one of the researchers after which emerg-
ing themes were observed and nodes merged across
consecutive coding cycles. In the end, five main
themes emerged from the analysis.

1. Confusion came from the narrative in HT, but
from language use in MT

2. Engaging with and relating to narrative ele-
ments occurred in HT, ST & PE

3. HT participants felt immersed in the story, the
narrative, and the style

4. MT participants had difficulty understanding
the text due to nonsensical words phrasing

5. PE participants were engaged in the narrative,
but struggled with the style and characters at
times

1. Confusion came from the narrative in HT,
but from language use in MT

One of the very noticeable things is that across
modalities all participants mentioned feeling con-
fused multiple times throughout the narrative: feel-
ings of confusion were mentioned 30 times in HT,
37 times in MT, 28 times in PE, and 23 times in ST.
As expected, feelings of confusion were mentioned
more in MT, but HT and PE follow closely behind.
However, when looking into the reasons partici-
pants mention feeling confused, a much clearer
image arises: confusion in HT refers mostly to
narrative events such as the setting at the begin-
ning and the plot twist towards the end; for MT,
however, participants mentioned feeling confused
largely related these feelings to words and phrases
that were translated incorrectly, difficult to under-
stand or otherwise incompatible with the context.
This even made the participants laugh through-
out the interview because the words “were just
so weird” (P02_MT). Some clear examples in MT
mentioned by both participants were stripteasenum-
mer ("striptease number") for “stripling”, tripjes

(potentially diminutively morphological interpreta-
tion of the English original but also meaning "small
/ short trips") for “triplets”, and mooie jus a literal
translation of “good gravy”. Other issues in MT
included not understanding whole sentences, de-
scriptions, or settings, due to issues with the syntax
or simply too many errors. PO7_MT also did not
understand what was happening with the painting
that one the main characters was painting through-
out the story. This confusion was caused in part
by the translation of “image” as fofo ("photo") on
multiple occasions while the “image” was in fact
referring to a painting. PO2_MT mentioned mul-
tiple times that she got confused about the syntax,
such as in the sentence Zie je hier een lijk zonder
gezicht waar je me graag met je hoofd op zou willen
steken? (literally "Do you see here a (dead) body
without face where you would like to put me with
your head on?").

This is in clear contrast with the confusion the
HT participants felt. PO3_HT mentioned feeling
confused about the title "2BR02B" at first, which
is indeed only explained later on in the story as a
phone number people can call. She also felt con-
fused about the setting and world building, but this
was due to the narrative structure of the story rather
than not understanding the words and phrases used—
she also got into the story really quickly after read-
ing: on the fourth page, she mentioned "Okay,
I see where this is going now" in relation to her
previous confusion about the setting of the story.
PO6_HT mentioned being a little confused about all
the nicknames of the extermination service at first,
but feeling engaged in the oppressive atmosphere
of the story when discovering they were all “happy-
sounding nicknames for suicide machines”. Both
also mentioned being confused about the word
steenvruchtje ("little stone fruit") for “drupelet”,
which occurred in a metaphor comparing the over-
crowded world to a stone fruit-—although it is
highly imaginable that people would have been con-
fused about the original ‘drupelet’ as well, given
that it occurs fewer than 0.01 times per million
words in modern English according to the OED
(“drupelet”, n.1). This seems to be the case in-
deed as the ST participants also mentioned feeling
confused about the "drupelet” the metaphor sur-
rounding this: "I had to think about this, it takes a
while to get it, it’s because this [the drupelet, red.]
got me a little confused and then, I mean what I
know what he means" (PO4_ST). For HT and ST
then, confusion came mostly from narrative choices
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or lexical choices that were similar to the original
(such as the long enumeration of nicknames, which
confused both PO4_ST and PO3_HT), while for
MT confusion was caused by errors and translation
issues.

2. Engaging with and relating to narrative
elements occurred in HT, ST & PE

HT, ST and PE participants mentioned feeling
engaged in the narrative, including the events of
the story and the moral issues at play, relating it
to their own lives often. For these modalities, par-
ticipants mentioned that the story was interesting,
with a well set up moral dilemma, making them
empathise with Edward’s choices. PO6_HT specif-
ically imagined how she herself would react to
living in a world like that. In general, both HT
participants mentioned they felt very immersed in
the story, liking the characters (the second partici-
pant really loved the painter, saying he was going
to be one of her new favourite characters) and de-
scribing how each character had a very distinctive
style and feel to her. PO8_ST mentioned he would
like to read more stories by this author and that he
felt very engaged in the narrative and the style: "I
was also very curious to see what would happen
next" and that he felt bad for the main characters
too. PO4_ST also said that the text was "nice to
read". PO9_PE mentioned really liking some of the
“strong imagery” created in the story, such as the
image of Leora, the word Kattenbak ("Catbox”)
for the suicide chambers and the image of dompe-
len ("dunking") people as a kind of baptism—even
though he also felt that the word itself was not used
completely correct: "The painter started talking
about like "baptising", dompelen ("baptising"), and
I was thinking that it was a very euphemistic de-
scription. I don’t know, I thought it was interesting
(...) but I also felt like it came out of nowhere
and that it didn’t really fit, at least not in the way
it intended to". P04_ST also mentioned multiple
times that she thought descriptions were chosen
well and felt fitting in the story and the setting. The
participants also mentioned how some of the ele-
ments of the story made them think of their own
lives and experiences. PO5_PE, for instance, men-
tioned how the description of the colour purple as
"the color of grapes on Judgment Day" made her
think of the art in the Galleria Borghese and the
description of the character of Leora of her own
mother. PO9_PE mentioned relating the story to
the Second World War and trying to recognise the

song and creating a little melody to go with it. HT
participants also related the story to their situation,
with PO6_HT relating the society in the story and
specifically the description of the world as it was
in the narrative past to the current Dutch society;
she also liked the reference to Zeus in the text as a
Classics’ enthusiast. The other (PO3_HT) started
talking about a pin she herself had bought for a
friend of hers which resembled Leora’s pin, and
towards the end, how making the appointment for
the suicide chambers resembled making an appoint-
ment at the dentist. This was not the case for MT.
PO2_MT did not relate the text to her own life, only
relating some of the in their eyes more surprising
errors to text-external things: she linked the grove
vrouw ("coarse woman") to grove mosterd ("coarse-
grained mustard") and ontlasten (litt. "relieve") to
peeing rather than "disposing of someone" as in
the original. PO7_MT did not relate any part of the
story to her own life at all, only mentioning how
weird things sounded or how it should have been
in Dutch to reconstruct the story (e.g. "’dompelen
mensen onder’ ("immerse people") I didn’t com-
pletely understand but it’s probably about people
who are dying" or "’oude eend’ ("old duck") was
also funny, like okay, "old man’ I'd say or oude
lul’ (litt. "old dick") or something"). Research has
shown that readers who relate parts of a story to
their own experiences and own frames of under-
standing and seeing the world feel more engaged
and like a story better (Kuiken et al., 2004).

3. HT participants felt immersed in the story,
the narrative, and the style

Throughout the interviews, the HT participants
made it clear that they liked the story in many of its
facets and felt immersed in both the narrative and
the style. PO6_HT kept commenting about how im-
mersed she felt in the story, how much she liked the
character of the painter, how much she empathised
with Edward and how well-put the moral dilemma
was. She specifically mentioned enjoying the dia-
logue and the “ironic and witty” banter back and
forth between the painter and the nurse, describing
the dialogue with Dr. Hitz from both perspectives
in the story, seeing Dr. Hitz’s appreciation of the
system but also the “painful” decision for Edward.
She also mentioned multiple comical instances in
the story, such as Leora’s moustache and the way
she and the painter squabbled about which figure
fit her best. She also described how she would feel
and act from the different characters’ viewpoint,
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clearly immersing herself and placing herself in the
story. PO3_HT also engaged emotionally with the
characters, describing Dr. Hitz “as being just so an-
noying, [which] works so well for the story”. She
described the story as “engrossing” and mentioned
how the story kept a good balance between ex-
plaining and showing the world-building. She also
pointed out the wordplay in Duncan and dunken
("dunking"), which she felt was not only very good
and expressive, but also a good find on the trans-
lator’s part. Both mentioned how the story made
them think about the world, the story world, what
they would do themselves in such a situation and
whether the story world is a better world than our
current world. Still there was also some confusion
in the HT version, but this tended to be related to
the narrative and fit general reading experiences (es-
pecially for short stories), such as confusion about
world-building at the beginning and surprise at plot
twists. The HT participants engaged deeply with
the story, feeling immersed in the narrative and the
characters, appreciating the style and the way the
moral dilemma made them reconsider some of the
values and situations in the world.

4. MT participants had difficulty understand-
ing the text due to nonsensical words phrasing

Translation errors in MT led to nonsensical
phrasings, which caused the participants to strug-
gle understanding the narrative and its events. Par-
ticipants mentioned that they were not sure what
was happening at multiple times during the RTAs
("[I] just didn’t really see what was happening
here" (P02_MT) & "I couldn’t follow what it said"
(PO7_MT)). This made it difficult for them to re-
tain and envision the story in their minds, including
which character was which, what their role and po-
tential development was in the story and what had
happened so far in the narrative: "I couldn’t really
connect with the characters here, she seemed very,
yeah, I don’t know, problematic? But yeah, it’s also
just like the text, you know the words and stuff, feel
like there’s a barrier there or something. .. also be-
cause I just don’t really know what’s actually there
or what’s weird or something" (PO2_MT). Partici-
pants also mentioned struggling with retaining the
developments of the plot in mind as they were con-
tinuously trying to reconstruct the ‘correct version’
of the text and events in their mind while reading.
PO7_MT mentioned “it was funny; you know what
they are trying to say, but it does not work like that,
and it is definitely not correct.” PO2_MT also de-

scribed trying to “reconstruct” the correct version
of the text in her mind, but she said that this made
her feel very detached from the story and caused
her to, at times, read the text cursory rather than in-
depth because “[she] had no idea what was going
on anyway”’. Rather than trying to reconstruct the
narrative, she also mentioned giving up at times: "I
also think here is kind of where I also started giving
up? Or like, not necessarily actually giving up but
more like, accepting that I wouldn’t really get the
thing". When discussing the metaphorical image
of the drupelet, she also mentioned not even bother-
ing to recreate the image in her mind, because she
did not believe she would understand the metaphor
anyway.

However, this does not mean participants hated
the story. Both mentioned liking certain parts of the
narrative. One of the participants felt the ending
was very fitting for the story and mentioned liking
the moral dilemma, describing the story as a “grip-
ping sci-fi story” (PO7_MT). Both also mentioned
that they believed they would like the story a lot
more in English ("[I think] I’d prefer to English
original" (P02_MT). Still, it is clear that on the
word and stylistic level, MT was strongly inade-
quate, obfuscating understanding of the text and
even for those sections where the meaning could
be reconstructed making readers feel detached and
disengaged from the different story elements and
the plot as a whole.

5. PE participants were engaged in the narra-
tive, but struggled with the style and characters
at times

PE participants liked the story overall, thought it
set-up the moral dilemma really well, and enjoyed
themselves while reading the story. Both partici-
pants related the situation and parts of the setting
in the story to their own lives and experiences, and
one of the participants specifically mentioned the
“strong imagery”’ (P09_PE) in the story throughout.
When PE participants expressed their confusion,
this tended to be related to the narrative elements
in a similar way as the HT participants’ confusion,
rather than any confusion caused by nonsensical
phrasing or other (blatant) translation errors as hap-
pened for MT participants. At the same time, how-
ever, PE participants did not like the style: PO9_PE,
who was a little milder than the other, said that
the style “did not struck [him] specifically”, but
liked it well enough, although he also mentioned
that “some sentences seemed off, not specifically
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clear why but the phrasing seems off”. PO5_PE
was more forceful and negative about the style,
saying that “[she] realised it had to be a transla-
tion, because no Dutch person would have written
this like this”. However, both participants found
it difficult to exactly pinpoint instances in which
they disliked the writing. This could be caused by
the fact that there were almost no glaring errors
in the text (which MT did have), but rather just a
general feeling of the text not adhering to normal
Dutch writing styles. The participants did mention
some adjectival use that felt strange and some of
the words that seemed to be out of context. The
instance of broeder ("brother") for the nurse is dis-
cussed above, in which the chosen translation is not
so much incorrect, but rather uncommon and more
commonly used in other contexts (monks or in the
rap and street scene colloquially). It is possible that
there were more of such instances, which were less
conspicuous but influenced the reading experience.

One of the other surprising things that happened
with both PE participants is that they confused mul-
tiple characters. P09_PE confused Edward (the
father) with the painter, while PO5_PE confused
Edward with Dr. Hitz. It is true that the story
does not have a clear main character, with all three
playing an important role in different parts of the
story, but it is noticeable that both participants had
issues with keeping the characters apart. This was
also not just a brief confusion of characters, but
both participants only realised their error during
the questionnaire when the multiple-choice options
included all characters. It is a little unclear what
caused this confusion. Both participants mentioned
that characters’ motivations were not always clear,
although P0O9_PE said he liked the characterisation
overall. PO5_PE was more critical about the charac-
terisation, feeling that it was done “rather poorly”,
with characters’ emotions shifting immensely with-
out any explanation or emotions she could not place
in general, also mentioning that she “couldn’t re-
ally connect to the characters”. PO9_PE did com-
ment that the adjectival use was weird throughout
the story, especially pointing to the adjectives that
were used to describe characters, such as een grim-
mige oude man ("a grim old man") een grove (... )
vrouw ("a coarse woman"), and PO5_PE also men-
tioned feeling confused about the description of
the hospital brother as broeder, which in Dutch is
acceptable but not very commonly used. Both also
mentioned that they felt shifts in the story were
very sudden and that the different sections were not

well connected.

Lastly, PE participants seemed more confused
(and for a longer period of time) than HT partic-
ipants: like the HT participants, both PE partici-
pants mentioned feeling confused about the image
of the drupelet; however, PE participants seemed
to understand the imagery only later during the
RTAs, while HT participants said they understood
it almost directly when reading the text for the
first time. PO5_PE also mentioned not fully un-
derstanding the ending: “Everyone dies and then
you have the painter, and he continues to paint or
something?”; although this also relates to the nar-
rative level as the confusion in HT did, it seemed
that in PE these confusing elements were not al-
ways solved (as they were in HT), which left PE
readers with a lower appreciation (as shown in the
RTAs) and potentially comprehension (as shown
in the questionnaire) than HT readers had for these
narrative elements.

Interestingly, it were also the PE participants
who had the lowest score for comprehension in
the questionnaire (a mean score of 6.5, see Table
3)—this relative low comprehension could be linked
to the confusion the participants mentioned in the
RTAs. A potential cause for this confusion and
lower comprehension in PE are the lack of connec-
tions and particles in the PE version. PE partici-
pants mentioned that they felt shifts in the story
were very sudden and that the different sections
were not well connected: "it [the narrative, red. ]
seemed to jump around in like the setting and char-
acters and like the shifts from one thing to the next
were a bit inconclusive, or random". These sud-
den jumps and shifts could be caused by the lack
of connectors and particles in PE, which are typi-
cal of Dutch language and studies have shown PE
struggles with these at times (Kroon, 2023; Lefer,
2021). This could cause the lack of cohesion felt
by the PE participants which in turn could poten-
tially explain the lower comprehension of PE par-
ticipants throughout. However, it could also be
that the specific PE participants just struggled more
with the text or that for these two participants the
experimental conditions (such as reading from a
computer while resting their head in a headset) had
more impact on their general reading experience.
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