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Post-editing machine translations have become more common in the translation field in recent
years. Studies in this field have examined the types errors post-editors have to correct, what
sort of errors machine translations produce, and how useful machine translations are, but there
is far less research on post-editing time and cognitive strain it produces.

In this paper, an analysis of cognitive strain in post-editing is presented where the method
Choice network analysis is used together with the data processing tool Translog-II to explore,
how cognitive difficulty manifests with five professional translators who post-edit the same
English to Finnish text.

The different post-edits made by each participant of the same word or phrase in various
sentences are examined with the Choice network analysis and the Translog-II tool measuring
the time it took to post-edit these words or phrases, and then comparing these results with
each other.

The results were mixed, where in 6 cases the two analysis methods showed similar cognitive
difficulty and in 7 cases, they showed differing results of each other. These findings suggest
that these two analysis methods might not be best suited to work by themselves but could
yield better results when used together.

With Choice network analysis it is possible to analyse multiple possible post-edits with
possible cognitive difficulty and with Translog-II it is possible to explore the time spent on
the task and see the various alterations the post-editors make.

Key words: machine translation, post-editing, post-editing time, professional translators,
choice network analysis, Translog-II, process analysis, cognitive strain
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1 Introduction

In the fast-paced world of language and technology, the field of translation has undergone a
significant transformation. The advent of machine translation (MT) systems has brought about
new challenges and opportunities, leading to the emergence of post-editing (PE) as a crucial
process in translation studies. The ISO standard 18587 defines post-editing as “the editing and
correction of machine translation output” (ISO/DIS 18587:2016).

PE is a crucial step in the translation process, where professional translators review and revise
the machine-generated translations to produce a final, high-quality text. While the benefits of
MT and PE are evident in terms of time and cost savings, it is essential to understand the

cognitive demands of this task to optimise its efficiency and effectiveness (O'Brien, 2011).

As the demand for PE continues to grow, understanding the cognitive difficulty involved in
this task becomes very important. Professional translators play a pivotal role in ensuring the
quality of post-edited translations, making it essential to explore the cognitive processes and

decision-making strategies employed during the PE process (Ketola, 2016).

In traditional translation practices, human translators have been relied upon to bridge
communication gaps across different cultures. However, the introduction of MT systems has
revolutionised the translation industry, offering rapid and automated translation services.
Despite these advancements, MT output often requires human intervention to address
linguistic nuances, contextual ambiguities, and cultural variations, prompting the need for PE

(O'Brien, 2005).

PE is seen as a vital intermediary step, allowing for the refinement of MT output by human
translators. While it promises efficiency, the cognitive demands of PE have raised questions
about the decision-making processes that translators employ (Ketola, 2016). To maximise the
potential of human-machine collaboration in translation, it is essential to visit the cognitive
dimensions of PE, enabling us to identify factors that influence translators' choices (O'Brien,

2005).

The Choice Network Analysis (CNA) method, as proposed by Campbell (2000a) emerged as
a promising method to investigate the cognitive aspects of PE. By identifying phrases where
multiple translators made different changes to the MT output, the CNA method allows us to
pinpoint segments that may pose cognitive difficulty for translators. These identified

segments serve as focal points for understanding the decision-making strategies and potential



challenges faced by translators during PE (Ketola, 2016). CNA somewhat uses the cognitive
psychology theory of problem-solving and decision-making, which is required during the
translation process, for translators to evaluate various options before making a final choice
(O’Brien, 2006). This approach allows researchers to study the decision-making patterns of
post-editors and provides valuable insights into the cognitive difficulty associated with certain

linguistic constructs.

Nonetheless, researchers have employed the use of Translog-I1, a tool that records the
keystrokes and time taken during the translation process, to gain a comprehensive
understanding of the cognitive aspects of translation and PE (Schou, Dragsted, and Carl 2009)
more than they have used CNA. Translog-II records the keystrokes and mouse movements of
the translators during the PE task, offering valuable insights into their cognitive behaviour and
attention allocation. By analysing the keylogging data, researchers can identify specific areas
of the text that pose cognitive challenges to the translators, shedding light on the cognitive

processes involved in PE (O'Brien, 2011).

Moreover, studies have shown that PE is influenced by various factors, such as the translator's
level of experience, familiarity with the MT system, and the nature of the source text. These
factors can significantly impact the cognitive difficulty of PE and can lead to variations in the

PE process among different translators (O'Brien, 2006).

By investigating the cognitive difficulty of PE and understanding the decision-making
processes of translators, we can develop effective training programs and tools to enhance the
PE efficiency and quality of the final translations. Moreover, this research contributes to the
broader field of translation studies, as it offers valuable insights into the evolving role of
human translators in the age of automation and A.I. To address the cognitive complexity of
PE, this thesis aims to investigate the cognitive difficulty encountered by translators during
the PE process. Specifically, we focus on comparing the results obtained through CNA and

Translog-II to explore the decision-making patterns and cognitive processes involved in PE.

Concurrently, Translog-1I analysis will provide us with valuable information on the time
taken to complete the PE of specific phrases and sentences. Longer PE times may indicate
higher cognitive difficulty in comprehending or translating the source text, while shorter times

may suggest that the PE process was relatively straightforward.



By triangulating the results from the CNA method and Translog-1I, we can obtain a
comprehensive understanding of the cognitive challenges faced by translators during PE. The
combination of these two methods allows us to explore the relationship between cognitive
difficulty and time taken to PE specific segments. Moreover, it enables us to discern whether
certain decision-making patterns or cognitive processes contribute to efficient or cumbersome

PE (O'Brien, 2005).

Furthermore, by analysing the CNA and Translog-II data in tandem, we can identify instances
where the two methods diverge in their assessment of cognitive difficulty. Such discrepancies
might offer valuable insights into the intricacies of PE and the factors that contribute to
cognitive effort during this process. It is crucial to investigate why certain phrases show
agreement between CNA and Translog-1I in terms of cognitive difficulty, while others exhibit
differences. Understanding these variations can shed light on the interplay between

translators' decision-making and their PE behaviours.

In conclusion, this thesis investigates the cognitive difficulty associated with post-editing in
machine translation, utilising the CNA method and comparing it with Translog-II in analysing
the post-editing process. By exploring the decision-making process of translators and
analysing their PE times, we gain valuable insights into the cognitive aspects of this essential

translation step.

The thesis structure is as follows; in chapter 2 the focus is on background and related works
that have been studied in regards of NMT, CNA and the cognitive strain of post-editing.
Chapter 3 describes in detail the data collection, the participants, and the material. In chapter
4 the findings of this study are examined, analyses of the cognitively most difficult
words/phrases with the CNA and Translog-II methods are made, and afterwards are the
results. Chapter 5 is a discussion regarding the results of the previous chapter. These results
will be examined by comparing them to previous research on the same topic. This thesis is
concluded in chapter 6 by revisiting the objective and the results of this paper and suggesting
possible future research in the translation fields. As a final note, chapters 1 Introduction and 6
Conclusion were written with the help of Chat-GPT 3.5 by using it to make the linguistic style

of these chapters more appropriate for the thesis.
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2 Background and Related Work

This section focuses on different background and related works that have been studied across
the translation fields over the recent decades. Some of these studies have pioneered for
translation, MT, or PE studies while some studies are extensions for these pioneered studies.

Nonetheless, all of the research here has contributed to the translation field in general.

The subsections go as follows, first is the 2.1 NMT and the quality of NMTs are visited over
the last two decades starting with Papineni et al. (2002) and their BLEU automated metrics,
which can be argued to have launched a number of these studies. The second section 2.2
explores the CNA method which examines the cognitive difficulty of certain words or phrases
in PE. Lastly, in section 2.3 PE is visited in greater detail and how cognitive strain affects

translating and PE itself.
2.1 Neural machine translation quality

In the last two decades, the use of MT in general has seen a rapid increase. Currently, the
most recent MT system, NMT, has gained a lot of attention in a rather short amount of time. It
has been shown to outperform other systems, the statistical machine translation (SMT) and
the rule-based machine translation (RBMT), regarding automatic scores and human
evaluations. In some previous studies, automatic metrics such as BLEU (Papineni et al. 2002)
has been used to compare MT output to translations made by humans. Various other studies
have then shown, how the evaluation of translation quality has improved by using the
automatic evaluation metrics (Junczys-Dowmunt, Dwojak, and Hoang 2016; Bahdanau, Cho,
and Bengio 2016; Bojar et al. 2016). However, there is also research that suggests that these
automatic metrics may not always be the best methods for evaluation. In their study,
Shterinov et al. (2018) did a comparison of automatic evaluation and human evaluation, in
which they noticed that the automatic scores underestimated the quality of NMT. While some
of these studies show pros for NMT and some show cons like was mentioned above, other
studies show mixed results such as Castilho et al. (2017). Yang et al. (2018) proposed two
automatic evaluation metrics Otem and Utem to evaluate performance of NMT systems and
human evaluation metrics, with mixed results for both metrics. Post-editing a NMT has also
been reported to be faster than post-editing non NMT translations for some domain-specific

texts, showing that NMT has great potential for future MT (Jia, Carl, and Wang 2019: 68).
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Although NMT and MT in general are getting better every year (Way 2018) and in some
special cases can surpass even human translators (Popel et al. 2020), some languages are,
nonetheless, problematic. Languages that are morphologically diverse and rich like Finnish,
are still proving to be difficult. In the last few years, NMT in Finnish has mainly seen use in
academic settings (Ostling et al. 2017; Mi, Xie, and Zhang 2020; Koponen, Salmi, and
Nikulin 2019; Salmi and Koponen 2020), although its use is on the rise as Finnish was
included in the eTranslation system of the European Commission (2018) as one of the first
languages to utilise the new NMT system in 2017, and in fact the usage of MT post-editing
has been on the rise (ELIS 2018). Translating to and from Finnish has not seen improvements
in quality in a long time compared to some other languages. Some of these problematic
characteristics in Finnish are linked to the rich inflectional morphology and the long
compound words (Tiedemann, Ginter, and Kanerva 2015; Gronroos, Virpioja, and Kurimo
2017). Currently there are very few studies that examine NMT quality with Finnish as target
language, but two studies were found that both show results where NMT was used to improve
the quality of the translations and reduce errors (Toral and Sanchez-Cartagena 2017; Mi, Xie,

and Zhang 2020).

2.2 Choice network analysis

The CNA is a method proposed by Stuart Campbell (2000a; 2000b) to study the translation
process. In this method, all the different translations of the same word or phrase from different
translators are compared together. This way it is presumed that, if a word or phrase has been
translated the same way by multiple people it had required less cognitive processing. And on
the other hand, when a word or phrase has multiple different translations it is cognitively
challenging (Campbell 2000b). These various translations can be imagined to be different
branches reaching out from a tree: more branches that form from each additional branch, more
choices for the translator to decide and the more difficult the word or phrase is. In this way,
every translation used forms a “net” which has all the alternatives in it from all the translators.
In theory, this method should demonstrate the amount of possible translations each translator
has at their disposal (Campbell 2000a, 215) but some studies are arguing against this. In their
study O’Brien (2005: 46—47) suggests that there are some problematic parts in this model: e.g.
does a large number of translations actually indicate cognitive difficulty or could it show

individual creativity and secondly, can we safely assume that every translator has access to all
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of these options? In their study, Ketola also surmised that a large number of translations could

be attributed to translator’s creativity rather than difficulty (Ketola 2018: 70-71).

According to Campbell (2000a: 32), comparing versions of target texts produced by different
translators can provide information about choices made during the actual translation process.
This then can be used to form hypotheses from individual texts and language pairs to test in
other texts and language pairs. Even though this method does indeed show which word or
phrase one translator ended up finally choosing as the final translation, it is not possible to
know if the translator actually used other choices for the word or phrase before committing to
the final result. Pavlovi¢, (2009: 86) O’Brien (2006) and Ketola (2016: 80) all agree that it is
not possible to get an answer with the CNA if the translator had other alternatives but ended
up rejecting those in favour of the last entered. O’Brien also adds to the list the issue of
previously translated or post-edited segments, which then can influence the future segments in

some way, hence needing attention later on (O’Brien 2006: 178).

Although both O’Brien and Ketola list issues with the CNA, they still give it credit and
explain how it is still valuable in translation research (O’Brien 2005; 2006; Ketola 2016;
2018). Even if CNA has some issues by itself, it can yield great results in triangulation with
other methods such as Translog which has been used by O’Brien (2006); Koponen, Salmi,
and Nikulin (2019). The CNA has been used to examine translators’ cognitive processes
during translations (Campbell 2000a; 2000b) and this also includes studies made in Finland.
Besides Anne Ketola, Finnish researchers Salmi and Koponen (2020) have studied machine
translations that had been post-edited by 33 translation students from Finland, where the
researchers analysed if the CNA method can help with the process of collecting PE data. In
their study, Salmi and Koponen compared the differences between single and longer segments
using process data from Translog-II and results of post-editing. They examined alternatives
for the post-edited phrases which had been translated by one or more of the MT engines,
phrases that have repetition and if there was variation between these machine translators
(ibid.). This study had as many as 33 participants in it where each participant had one text to
edit which had been translated by three different MT engines to form nine different sentences.
The order of these sentences translated by the MT engines were changed between each
participant. The previously mentioned study used a larger participant group, Campbell also
states that using CNA yields more conclusive results with a larger group to analyse (Campbell
2000a: 32). Ketola, on the other hand, makes a case for smaller groups, so that the researcher

would not get overwhelmed by the vast number of possible answers and the large scale
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figures or tables (Ketola 2018: 66). Because the analysis method of CNA does not inherently
dictate how the analysed items are formed, they can range from single words to longer
phrases (Ketola 2018: 67) or they can be analysed on various levels from single lexical
choices to larger syntactical structures e.g. translating passives (Hale and Campbell 2002: 18).
In this study, CNA and Translog-II are compared against each other to examine both of their

results.
2.3 Post-editing output and cognitive strain

There are two primary reasons to use PE and they are to correct the MT, meaning that we
assume that there are, or will be, errors in the translation and the second is to make translating
faster, hence increasing productivity. As MT and PE in translating languages gets increasingly
more common, so do the studies around this topic as well. It can easily be seen through the
amount of studies on the topic that PE errors and the productivity of PE are, and have been, of
great interest in translation domains (Krings 2001; O’Brien 2005; Temnikova 2010; Koponen
et al. 2012; Nunes Vieira 2017; Koponen, Salmi, and Nikulin 2019). It can perhaps be argued
that PE is the result of MT to check for translation errors. Hence, the idea of PE is for the
post-editor to make changes, for the text that has been machine translated, they deem
necessary to make the text coherent and grammatically correct. However, there are also
studies which observed post-editors making unnecessary changes, such as de Almeida who
examined post-editors making unnecessary “preferential” changes ranging from 16% to 25%
(2013: 100), and Kopoonen’s study gave results which showed 38% of light PE! done, was
unnecessary (2017: 146). The light PE is of interest for my current study as well, as the

participants were instructed to also light PE their texts.

The second interest in PE studies, which was already mentioned is productivity and the
cognitive strain PE produces. In one of the earliest studies on this subject, Krings (2001)
aimed to examine how much effort was required by traditional translating and by PE, while
also arguing that the feasibility of PE should not be determined by comparing it to human
translation and its processing time alone. In a later study, O’Brien (2011) has later added to
this that PE productivity does not only mean the ratio of quantity and quality to time but also
how the cognitive efforts have been spent on this i.e., the more effort has been used, the lower

the productivity. PE can have a tremendous impact on productivity if the MT is well suited

! Light post-editing stands for making only minimal essential changes during post-editing according to TAUS
(2010) and the International Standard ISO 18587 (2017).
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for the task at hand, as it can reduce the keyboard time by up to 70% and pause time by 31%
in some cases (Plitt and Masselot 2010: 14).

The cognitive strain of some of the post-edited words or phrases is of great importance for the
current study, as we are later comparing these items through two separate methods. In their
study, Temnikova (2010) proposed an update to the standard error classification system for
MT by ranking the error categories according to 10 levels of cognitive effort by their expected
cognitive difficulty. Temnikova also explored how some words can potentially be cognitively
more challenging than others depending on the length of the machine translated sentence
(ibid.). These cognitively difficult words are the ones we are also interested in the current
study, although they will not be measured in the same way as Temnikova have done. In a later
study, Koponen et al. (2012) examined PE time as a measure of cognitive effort and
demonstrated that, although the amount of errors matters for the PE effort so does the type of
error such as punctuation and word order errors. This way it was concluded that grammar was

examined to be more difficult than lexis, for example.

Another common practice in translation and PE studies is the use of think-aloud protocols
(TAP) and eye tracking. Nunes Vieira (2017) used both of these methods in their research to
study the cognitive difficulty of PE but they, on the other hand, did not find a significant
difference between lexical and grammatical cognitive effort. Although, it was hypothesised
that due to the nature of the instructions for the study, where they were instructed to aim for
high-quality, this may have triggered the post-editors to choose semantically closer lexical
words over others, which is to be expected for higher quality translations (Nunes Vieira
2017). In the current study, no real hypothesis is made regarding the actual cognitive
difficulty or errors made in the PE but rather, an examination is made if two different methods
show similar cognitive difficulties for the same words or phrases in PE. But if any hypothesis
1s to be drawn: since the other method uses real-time data from pauses, keystrokes and mouse
clicks while the other only shows the last translation, it could be argued that the real-time data

could potentially show more cognitively difficult items.

Regarding post-editing and cognitive strain, one potential explanation for the differences
could be the concept of "creative freedom" during PE, as highlighted by Ketola (2016).
Translators may exercise their judgment and make various edits to explore alternative ways to
convey the meaning of the source text. This aspect is particularly relevant when considering

the nature of machine translation output, which might require significant adjustments to meet
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specific translation preferences, style, or domain-specific requirements. Consequently, even
when multiple translators make different changes to the same segment, it does not necessarily
imply cognitive difficulty but rather reflects the translators' efforts to achieve a preferred

translation output.
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3 Materials and Methods

In this section, the present study is described in better detail with the materials and methods
used. The sections are written as follows: Section 3.1 will go into detail how the data were
collected. Section 3.2 explains how the subjects were gathered for the experiment and it also
explains the participant’s background. In section 3.3 the material used for this study is
explained in more detail, what method was used to examine it with an example and finally the

actual data analysis method is explained.
3.1 Data collection methods

The current study had one primary method to gather data which happens during the actual
translation process. The primary data collection method to gather process data, Translog-II, is
introduced first with a brief history of the program and afterwards the complementary
background questionnaire is introduced. This data in question, was collected in November

2019 during a training session on post-editing for members of the SKTL.
3.1.1 Translog-ll

In this study, a computer-based, data collecting, keystroke logger called Translog-II was used
to gather data from the translators. Translog was originally created in 1995 for translation
process research (TPR) by Arnt Lykke Jakobsen, to help study the writing process in
translation. Since Translog’s first debut, it has seen extensive use in translation process
research starting from 1999 (Hansen 1999), where some of Translog’s first empirical uses
started to surface. Ten years after its release, Translog was still extensively used in translation
studies, which is shown by the article Ten years of Translog (Schou, Dragsted, and Carl 2009)
that states that Translog has been widely used in translation training and translation studies.
Similar, up-to-date studies about the usage of Translog was not found. Since then, Translog
has been updated to newer versions such as Translog 2006 and the current Translog-II that is

also used in this paper.

At its core, Translog-II software is a keystroke logger that records both keyboard and mouse
activity, without disturbing the translating process. It allows the researcher to examine the
translation process in better detail than it would be possible with only the final text files of the
translation. The software itself uses two applications to function which are Translog-11

Supervisor and Translog-I1 User. The Translog-11 Supervisor function is used to control the
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actual project meaning it creates, modifies, replays, and analyses the projects. Translog-II
User functions as the Translog-II test environment that the subjects can use, however the User

function is not of importance for this study.

The Translog-II session was done by using the Translog-II Supervisor mode. As the files used
in Translog-II can only be opened by the software itself, Translog-II was downloaded from
the Center for Research and Innovation in Translation and Translation Technology (CRITT)
from where it can freely be downloaded for academic purposes. To start examining the log
files, they were opened in the Translog-II Supervisor mode by finding the correct translator’s
file to be analysed from the computer. Next, the Replay function opens a new window that
allows the researcher to play, pause, and adjust the speed of the log file that has the
translation. After this, from the Supervisor window, the tools dropdown menu is clicked from
which Linear view is opened. This lets the researcher see the whole translation process from
start to finish in a view, that shows every keystroke, mouse click, and pause done in the

translation process (more on this in section 3.3.2).
3.1.2 Background questionnaire

Depending on what you are researching, questionnaires can be used as the main data
gathering tool to sample a large pool of subjects, filter the sample pool to a smaller size, to
gain a better view of the research topic in hand, or to gain background information of the
subjects who are participating in your study. Regardless of the purpose of a questionnaire, it
needs to be carefully designed to fit the task at hand and in some cases to keep the anonymity

of the participants.

The purpose of the questionnaire for this study was to gather background information of the
participants. The questionnaire was written in Finnish, and it was distributed on paper to the
participants who then filled it in with a ballpen. The participants also signed a consent form to
use the data collected from them for research purposes (Appendix 1). The filled
questionnaires were later turned into pdf files and sent to me via email. The questionnaire
included the following background questions: age, gender, native language, self-estimation of
English and Finnish language skills if not native language, level of education, learned

languages, work experience, and experience in PE machine translations.
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3.2 Subject selection and participants

The data for this study was gathered in November 2019 in a monthly meeting of the local
branch in Turku of the Finnish Association of Translators and Interpreters (SKTL) by Maarit
Koponen and Leena Salmi. These meetings are held approximately every month, and this one
was held in an IT-classroom at the University of Turku. Members of the SKTL will get an e-
mail regarding these meetings and depending on the type of meeting, the members will need
to sign up before hand for them. In this meeting, researchers Koponen and Salmi held a brief
training lesson in machine translations and afterwards the participants were able to try

machine translation and PE for themselves.

Five professional translators of various languages took part in the experiment, and they are
introduced in this section based on their answers on the questionnaire. To keep their
anonymity, the translators are referred here as Trl, Tr2, Tr3, Tr4 and Tr5. The sampling of
this group is primarily heterogeneous, but there are some factors which are homogeneous. For
example, the group has one translator who belongs to the age group of 31 to 40, one who
belongs to group 41 to 50, two in age group 51 to 60, and one who belongs to group 61 to 70.
The subjects had also varied levels of experience in years for translating full time their chosen
languages ranging from 7 years to 25 years. The homogeneous part comes primarily from
their education and language skills, and all of the participants identify themselves as women.
All the translators have a Master’s degree in languages or translations, and everyone has
experience in translating from French to Finnish. All five of the subjects have also studied at
least one additional language in addition to their main language. Finally, regarding experience
with machine translations, Tr5 was the only one who has had any experience with machine

translations and had worked on assignments which used it.

Every participant’s L1 was Finnish and all of them translate from or towards French. Table 1
below shows all working languages of the participants. It is worth noting, that when these
translators were studying in the University of Turku, they graduated from Major subjects that
are no longer available such as Romance philology or Translation studies. Three of the
translators were studying translation for a specific language and two were studying

philology/languages.



Table 1. Participants study subjects and translation directions.
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L1 Other working languages
T Finnish Spanish
Tr2 Finnish Italian
Tr3 Finnish -
Tr4 Finnish -
Tr5 Finnish Swedish, Russian

Work experience saw more variation, which was to be expected based on the participant’s age

range. Table 2 shows that most of the translators have worked only full-time with Tr2 being

the only one who has had experience working part-time. Most of the translators have worked

at least 20 years with Tr2 maybe working as much, but the questionnaire did not specify if

they have worked simultaneously or separately on their various languages. Tr5 being the one

exception who has worked less than 10 years, and they were also the only one who had

worked on occasional individual assignments for other languages, but the questionnaire did

not specifically ask on how many assignments. Finally, it was not asked directly which

languages the participants were translating to or from during their years as a professional

translator.

Table 2. Participants experience working as translators.

Experience translating English -

Experience translating to other languages

Finnish
Full-time Part-time E:_:: Part-time gscsciZii;ZiltisndiVidual
™ - - 25 years - -
Tr2 11 years - - 11 years -
Tr3 20 years - 25 years - -
Tr4 - - 20 years - -
Tr5 7 years - - - Has made some
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3.3 Study material

In the present study, the data consists of PE process data collected using Translog-11, as well
as the post-edited MT sentences separated from the final text produced by each participant
(Appendices 4 — 8). The next subsections will include an explanation of the actual data for
this study in 3.3.1, an example of the primary data used from Translog-II to better explain

what has been analysed for this study in 3.3.2, and the data analysis method used in 3.3.3.
3.3.1 Present study data

At the meeting, the five participants post-edited this translation during their training session at
the University of Turku with the best of their knowledge without any aid from external
sources such as internet or dictionaries. The source text was a 331-word, short English news
article about an international smuggling network being shut down, which was translated to
Finnish (256 words) using the European Commission’s NMT system called eTranslation
(2018). The text had 18 sentences that were later made into 18 segments to make the analysis
easier in the excel tables. Because these final text files were TXT files and not Microsoft
Word Document files, they had to be encoded by Microsoft Word into a readable format. This
was done by double clicking the TXT files that opened an encoding window in Microsoft
word, in which the default Windows encoder (Western European) was chosen. This was done,
if these TXT files were needed at any point, although the Translog-II files had the same
information already. This was done because it was easier to read the and compare the texts in
Microsoft word than it was in notepad. The source text and the MT can be found in the

appendices 2 and 3.

For the PE task, the participants were instructed to “light” post-edit the text as is defined in
the draft International Standard ISO/DIS 18587:2016. The following instructions were given

in Finnish to the participants:

— Make use of the raw machine translation as much as possible.

— Aim to produce a translation that conveys the correct meaning and follows correct
Finnish grammar.

— Check that there is no extra information or missing information in the sentence.

— Fix sentence structure if the meaning is incorrect or unclear.

— Follow spelling and punctuation conventions
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As of writing this thesis, the final ISO standard has later been updated and published again in
2017 with few modifications. Nonetheless, the instructions used in the experiment are still

valid according to this ISO standard.
3.3.2 An example of Translog-Il data

Translog-II is used to record several different types of information from translation sessions,
as was stated in the previous subsection 3.1.1. It records all keyboard activity and some
mouse activity, as well as inactivity that occurs between keyboard and mouse usage or
different actions that happen outside of Translog-II. Translog-II uses two main components,
Translog-II Supervisor and Translog-II User, but for this study only they Supervisor mode
was used. The Supervisor mode can be used to view the recording as a video, as well as see a

log file of the process.

The linear view shows the whole translation session from start to finish, with all keystrokes,
mouse clicks, and inactivity that happened during this time. Figure 1 shows an example of a
log file. The log shows, different keystrokes, mouse clicks, and various (in)activities are
shown by different symbols. Keyboard activity is represented by black dots which represent
spaces, triangles pointing left represent backspaces and the actual letters written are their
corresponding keys on the keyboard. Cursor movement is shown with two consecutive
triangles pointing downwards and upwards. Inactivity or pauses, are shown either as red dots

marking 1 second pause times for each dot or red numbers showing the exact pause time.

Pause unit oLoo0 T4 OK dl | 8 i = 5| ?

[WIlA]==11[+23.015][W][&]s=[=01:03 422][¥][&][¥][&]etekivates[Ctrl+Shift+Right]sss[Delete]
sssssyhtessisiskun[Delete][Delete][Delete][Delete][Delete][Delete][Delete] <[« 11.343][W][&][=32.063][¥][4]
[W][a][=24.875][Delete][+14.016]ihmisidess«[Ctrl+Shift+Left]s «siirtolaisias[«42 344][ ][ 4]

sesssnnnns[Delate]sssss s -=s+—[Delete][Delete]
sekiw—s—s—s—s—ss s [De|ete]ooo['][.‘.]['][‘,]-I-I-Ioooooooooo['][‘.]['][‘.]oootekio[ozz_?ED]['][i]['][l]
seeestulivatemukaanemytdsesle s e [Ctrl+3hift+Left]essviranomaisetssss+[ V][ 4][ V][ 4]
aloittissssssssssssssssssss ssyhdessesssdesssss[W][A][F][4][Delate]ssss[ V][ 4][¥][4]

ssotutkimubkcsiinsliithyvi==isyate[Ctrl+Shift+Right][Ctri+Shift+Right][Delete][= 15 844 [ W] [&][ ¥ ][&][¥][&]
s=s—s[Ctr+Shift+Left]selvittisvarss ——=tsyjiep = === =yhteensi—ssesss [ V][ A][¥][A]henkilinsssssss[¥]
[&][¥][&]—=ses[Cirl+Shift+Left]sssssssss [ W][&][W][A]sssss[¥][&]s==[Ctrl+Shift+Left]
kolmenkymmenenkssuudenssalakuljetuksesstas === =tassyytetyn-—s—s—s—s—s—ss—ssssssa [Delete]
»_—+[Ctrl+5hift+Right][Ctrl+Shift+Right][Ctrl+Shift+Right][Ctrl+Shift+Right][Ctrl+Shift+Right][Ctrl+Shift + L eft]
[Ctrl+Shift+Left]s Syytettyess«[Ctri+Shift+Left]«Henkilditde syytettiinese s« [¥]
[&]—===spnes——ssssalakuljesstuksesta smeista—=[Ctrl+Shift+Right][Ctrl+Shift+Right]

shesolisivatess == ————— [Delete][Delete][Delete][Delete][Delete][Delete]
nneetss————[End]—[Ctri+3hift+Left] = =sss[¥][&][¥][&]++ainakinsssssss[ V][ 4][ V][ 4]
sssehyitynectssesstalpa s ases—sssssensetaloudellisestisessses[W][k]s=+[¥][&][Delete][Delete]

Cursor position:  00.000 Selection: -

Figure 1. An example of Translog-Il linear view data.
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3.3.3 ldentifying post-editing changes

To identify the PE changes made by the participants, a somewhat similar approach to
Koponen, Salmi and Nikulin’s study was used (Koponen, Salmi, and Nikulin 2019) where
they used TER-plus with the basic H(TER) turned off to identify word-level changes edited
by the subjects. However, the current study did not use the morphological analyser OMorFi
and FinnPos morphological tagger toolkit as they did, as there were next to zero cases in the
words and phrases analysed in this study that would have required lemmatising or stemming
in larger scale. Hence, lemmatisation was checked manually to observe if there were any
possible errors or homonymic words. In some situations, the participants made changes

halfway during their post-editing and in these cases these changes were annotated separately.

The MT and PE texts were added to an Excel sheet manually one sentence at a time, by
copying the sentences from the TXT files to their own Excel sheet per sentence, totalling 18
sheets. These sheets were arranged in a way where, the SL sentence being on the first row on
each sheet, MT version on the second row and five PE versions on the next five rows. Every
sentence was then divided into smaller segments if they contained three or more different

post-edits made by the participants. This is an example:

Trl and Tr2 edited a word or phrase exactly the same way this counts as 1 edit for the purpose
of this study, then Tr3 and Tr4 edited the previously mentioned word or phrase differently
than Trl and Tr2 this counts as 2 different edits, and finally Tr5 edited the same word or
phrase differently from the rest this now means we have 3 different edits which equals to

three different post-edits regardless of the number of different post-editors.

Then segments were manually added to their own column according to their post-editors’
row. Finally, 7 of these sentences were picked which contained a total of 13 segments for this
study. Of these segments 7 were phrases with multiple words and 4 were single words.
Following a somewhat similar approach (Koponen, Salmi, and Nikulin 2019: 72-73),
specifically the 4™ sentence was divided once more to smaller sub-segments because it
contained several meaningful units, such as NPs and VPs based on their value for the current

study. These segments were, once again, manually aligned with their annotations.

In some cases, the participant made changes that did not appear in the final edition, such as
adding or changing the word halfway and later adding the translation. These cases were

annotated separately according to their editing time as was mentioned above. The segments
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were aligned according to their lemma being the same in the MT and PE, e.g., another driver
(SL), toinen kuljettaja (MT), yksi kuljettaja (PE) where the words another, toinen and yksi
were in the same column and the words driver and kuljettaja in another as they had the same
lemma. Aligning was then continued by adding, again manually, the corresponding
annotations such as insertions, deletions, and substitutions in the next column. No automatic
annotation was used rather, a similar manual annotation that Koponen, Salmi and Nikulin
used in their study (2019) was also used in the current research. In the current study, if a new
word had been added to the PE which did not have any equivalent in the MT was this
classified as insertion, and on the other end if a word had been deleted from the MT which did
not have an equivalent was this counted as a deletion. Other cases that were noticed were
situations where word form or order had been changed. Sometimes a word or phrase can be
affected by multiple types of edits. These situations usually happened, when a word had its
form changed and another word had been deleted or inserted. In these cases, annotations were

marked with multiple actions (inserted / form changed, deleted / word changed, etc.).

These annotations are from Koponen, Salmi and Nikulin (ibid.) and they were used in the
current study as well. The edits made by the participants were categorised with one or more of

the following PE actions:

— unedited: no change;

— form changed: different morphological form;
— word changed: different lemma;

— deleted: word removed;

— inserted: word added;

— word order: position of a word changed (Koponen, Salmi, Nikulin, 2019)

In some cases, it is not possible to just analyse one or two words which are right next to each
other, there are some cases where there are longer phrases in which the word order has
changed drastically due to the Finnish morphology. As Ketola mentions in their study (2018:
67 — 68), in Finnish it’s possible to write an entire prepositional phrase with one word. Based
on this, in the current study there are some segments which will include larger units where
multiple individual words are chained together. In practice, this means that it was necessary to
take these situations case-by-case, while considering how the Finnish case inflections will be

taken into account.
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3.3.4 Identifying pauses

A text production unit is needed to define a moment when actual text producing is happening.
This unit is “defined as a sequence of continuous typing separated by pauses of 1 s or longer”
(Carl, Bangalore, and Schaeffer 2015: 35). As other researchers have used this definition in
their studies to separate continuous units of activities and pauses in translation research (Carl,
Bangalore, and Schaeffer 2015; Nunes Vieira 2017; Koponen, Salmi, and Nikulin 2019) it
was then selected for this study as well. These units were measured with Translog-II and its
process data for each participant. Because the present study is interested in PE and how it
connects to specific parts of the text, further dividing was necessary. Due to the nature of the
present study, unlike the text production units from Carl et al. (2015), a similar approach was
taken with Koponen, Salmi and Nikulin (2019) and their division of text production units
where cursor repositioning — mouse clicks, arrow keys and other function keys — was added to

the activity of defining text production units.

Because this experiment did not use any TAPs or eye-tracking systems, it became clear quite
fast that identifying segment boundaries and when they have been crossed would become
problematic for measuring cognitive effort. Measuring technical effort would not be as
difficult as this can be evaluated in a few different ways, such as when the participant stops
making changes to their current segment and starts on a new segment (O’Brien 2006: 139), or
by calculating text production and deleting keystrokes from sentences (Koponen, Salmi, and
Nikulin 2019: 73). From a cognitive point of view, it becomes difficult to tell without any aid
from other sources, when does the participant actually start processing a new segment. It was
then decided that cursor movement would mark the changing of segment boundaries. A
similar method has been used by O’Brien (2005): the boundary was seen as crossed, when the
cursor was moved to a new segment after finishing the previous one and it did not move back
before making any changes to the new one. Nonetheless, this is not an ideal method as it is
still impossible to know if the participant actually stopped processing this segment or edit in
their mind. However, after using Translog-II in this analysis it was noticed that when the
subjects moved their cursor to a new segment to post-edit, there were only three cases where
they went back to edit something else. In this light, it was decided that this approach for the

segment boundary crossing would be used in this study.

It has been established, that post-editing a segment starts when the cursor crosses the

boundary line but there are also pauses during and between words or phrases. To enhance the
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analysis of cognitive effort in PE, we also measured the time between consecutive edits of the
same text production units or segments. The idea is that if pauses are happening during PE of
a specific segment, it is safe to assume that the PE is happening for that specific sentence
(Koponen, Salmi, and Nikulin 2019). Both of these methods, cursor movement to cross
segment boundaries and mid-segment pauses, were seen as exceedingly useful ways to
approach this analysis of measuring cognitive difficulties of PE, when no other external aid

had been used.
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4 Results

The aim of this study is to examine if the cognitive effort demonstrated by the CNA method
yields the same results as does the process analysis produced with Translog-II logs between
the five professional translators, when they are post-editing a machine translation. The
following sections will demonstrate in detail the findings of this study. In the first section 4.1,
Translog-II logs will be analysed by examining the pauses and the post-edited words/phrases
analysed in section 4.1. Secondly in section 4.2, an analysis of the cognitively most difficult
words/phrases will be made, with the CNA method. Finally, in section 4.3 the results of the
previous sections 4.1 and 4.2 will be compared. Due to the scope of this paper and the
limitations that come with it, 11 total segments were considered for this study. From those 11
segments 7 had phrases with multiple words and 4 were single words, and these were
analysed with the CNA for this study. These segments were taken from sentences 4, 7, 8, 13,
14, 15 and 16 (sentences can be found in the appendices 4 — 8 with these sentences numbered

accordingly).
4.1 Translog-ll Analysis

In the tables of this section, the first column shows the translator, second column the PE, and
the third shows the time used for PE. In the third column calculation, each separate instance
with a number in it means the participant has stopped any keyboard or mouse activity for a
period of time until continuing again. For example: 5s+1s= 6s means the participant took a 5
second pause after moving their cursor at the start of the phrase/word they start to edit and
then continued editing for a period of time until taking a 1 second pause until they finished

the PE taking a total time of 6 seconds to PE the phrase.

In this paper, the speed of the post-edits is compared against the other participants and the
three categories below reflect that. The cognitive difficulty of each PE belongs to one of three
categories. As of writing this thesis it was difficult to find indications of a standard definition
for 'short' or 'long' pauses in previous research. Therefore, a scale with 15 second increments
between each category was made for this paper. If a phrase would belong to two different
categories (or three) due to different PE times, the difficulty category would be the higher of
those. Two examples: example 1, if a phrase has four participants who post-edited it in 15
seconds or less, and one participant took more than 16 seconds, it would be categorised as 2.

Example 2, if two of the participants would belong to category 1 and the other three
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participants in category 2 the difficulty would be 2. In a case where a phrase has post-edits
from category 1, none in category 2, but has post-edits from category 3, and at least three of
the participants’ post-edits are from the lower category, the category is lowered to 2 as most
participants have still post-edited within the time of category 1. The scale used in the process

analysis of this study has three categories:
e PE time was 1 — 15 seconds for every participant, making it somewhat difficult = 1
e PE time was 16 — 30 seconds for every participant, making it difficult = 2
e PE time was over 31 seconds for every participant, making it very difficult = 3

The first sentence under scrutiny is 4, in which there are a number of phrases that have
multiple different post-edits done to them, making it the most cognitively difficult sentence in
the whole text. This sentence had its segments divided into smaller sub-segments for the
purpose of this study, as these phrases would otherwise have been difficult to analyse. The
exact segments are used as the point is to compare these two methods if they show the same

cognitively stressful post-editions.

In the 4" sentence and its phrase firther looked into machine translation tarkastelivat edelleen
from each participant in table 3 below. The tables below, with columns regarding the post-edit
and the time spent post-editing a phrase, have the final edit of each participant and do not

include the whole post-editing process.

Table 3. Time spent post-editing the phrase tarkastelivat edelleen.

Post-editor PE PE time
Trl tarkastelivat sen jalkeen 3s
Tr2 tutkivat perusteellisesti 55+ 1s=6s
Tr3 tarkastelivat 6s
Tr4 seurasivat 4s +4s+3s=11s
Tr5 selvittivat 1s+1s+1s=3s

Trl can be seen to have started editing rather fast after moving their cursor at the beginning of
the phrase as it only took 3s for them to start editing. Tr2 and Tr3 took few seconds longer to
start their process and ended it with 6s. Tr4 took a little while longer and they also had few
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short breaks. Tr5 only took 1 second after each stop to finish their PE. Every participant post-

edited in less than 15 seconds, category 1.

Next is the second phrase of the 4™ sentence the activities of 36 people machine translation 36

ihmisen toimia in table 4.

Table 4. Time spent post-editing the phrase 36 ihmisen toimia.

Post-editor PE PE time
Trl sellaisten 36 ihmisen toimia 28s
Tr2 36 syytetyn toimia 135+ 55 =18s
Tr3 36 ihmisen toimintaa 9s +9s + 10s = 28s
Tr4 36 ihmisen toimia -
Tr5 yhteensa 36 salakuljetuksesta syytetyn henkilon toimia 16s

Trl took 28s to edit this phrase and they added one word to it, making this a somewhat
lengthier edit. Tr2 took 13s to make a first edit until having a small pause, for a total of 18
seconds. Tr3 had three pauses with similar times; 9 - 10 seconds each for a total of 28s as was
with Trl. This phrase was left unedited by Tr4. Tr5 took 16s to PE the phrase which was

edited the most out of these. Four participants post-edited between 16 to 30 seconds, category

2.

The third phrase of the 4™ sentence is accused of smuggling at least 580 migrants MT joita

syytettiin salakuljetuksesta vihintddn 580 siirtolaista.

Table 5. Time spent post-editing the phrase joita syytettiin salakuljetuksesta véhintadén 580 siirtolaista.

Post-editor PE PE time

Trl joita syytetaan ainakin 580 siirtolaisen salakuljetuksesta 56s+7s=1m 3s

Tr2 joissa oli salakuljetettu vahintaan 580 siirtolaista 13s+55=18s

Tr3 Heita syytettiin vahintaan 580 siirtolaisen salakuljetuksesta 3s+8s=11s

Tr4 2s+2s+5s+1s=
joita syytettiin vahintaan 580 siirtolaisen salakuljetuksesta 10s

Tr5 Henkil6ita syytettiin ainakin 580 siirtolaisen 95 +5s5+3s+2s=
salakuljetuksesta 19s
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Trl took 56s to start editing after moving the cursor at the start of the phrase. They later took
a 7s pause to continue editing for a total PE time of 1 minute and 3 seconds making this one
of the lengthiest PEs. Tr2 took a somewhat lengthier pause at the start for 13s while having a
short pause during the phrase. Tr3 had two shorter pauses for 11s while Tr4 took a similar
time to edit 10s, although they had a total of four pauses. Tr5 also had four pauses but edited
this phrase for 19 seconds. Vastly different PE times for every participant and one post-editor

with over 31 seconds, category 3.

The final phrase of the 4" sentence is earning MT ja jotka ansaitsivat.

Table 6. Time spent post-editing the phrase ja jotka ansaitsivat.

Post-editor PE PE time
Trl ja jotka ovat ansainneet Is+1s=2s
Tr2 ja ansaittu 1s
Tr3 josta he olivat ansainneet 7s+1s=8s
Tr4 Syytetyt ansaitsivat 3s
Tr5 mista he olisivat hyotyneet taloudellisesti 4s

This phrase saw short PE times all around as only Tr3 took over 5 seconds to PE. Trl had one
additional pause after starting to PE, Tr2 stopped only for 1s and moved on, Tr4 took 3s and
Tr5 4s and finished their PE after that. Every participant post-edited in less than 15 seconds,
category 1.

In the 7™ sentence, there is only one longer phrase which was post-edited by multiple people
with financial and logistical support provided by Eurojust, MT jota Eurojust ja Europol

tukevat taloudellisesti ja logistisesti.
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Table 7. Time spent post-editing the phrase jota Eurojust ja Europol tukevat taloudellisesti ja
logistisesti.

Post- PE PE time
editor
Trl Eurojust, joka tukee taloudellisesti ja logistisesti 3s+2s+2s=7s
Tr2 jota Eurojust ja Europol tukevat taloudellisesti ja
logistisesti -
Tr3 1s+1s+5s+1s+2s+2s +
Eurojustin taloudellisella ja logistisella tuella 2s+2s+2s+2s+1s=21s
Trd jota Eurojust ja Europol tukevat taloudellisesti ja
logistisesti -
Tr5 jota Eurojust ja Europol tukivat taloudellisesti ja
logistisesti 10s

This longer phrase was left unedited by participants Tr2 and Tr4. Trl took two short 2s
pauses after starting to edit for 7s total. Looking at Tr3’s PE a curious pattern can be seen
where they took a total of 9 very short pauses 1 — 2 seconds each and one 5s pause in the
middle of the PE. When looking at the Translog log data it was noticed that Tr3 took these
pauses after each word and sometimes during editing of a word. Their total PE time then was
21 seconds. Tr5 also shows a somewhat different result from the other two as they stopped for
10s after moving their cursor and then edited the whole phrase in one go. Three post-editors

where one took 16 — 30 seconds, category 2.

Next is the 8 sentence which also has only one phrase which was accepted for this paper the

action day MT toimintapdivdn.

Table 8. Time spent post-editing the phrase toimintapéivén.

Post-editor PE PE time
Trl toimintapaivan -
Tr2 pidatystoimien 3s+2s+5s+2s+43s +3s=58s
Tr3 paljastusiskun (1m 16s) + 1s + 10s + 7s = 18s (1m 34s)
Tr4 toimintapéaivan -
TrS iskun 3s+1s=4s
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This sentence left the participants somewhat divided on the PE needs as there are varying
results here. This phrase was left unedited by Trl and Tr4, but participants Tr2 and Tr3 on the
other hand took their time. Tr2 started with a 3s pause after the cursor and took multiple
pauses during the edit from which one of the pauses was 43s. The Translog data showed that
the translator edited the word toimintapdivin three times before keeping the final form,
piddtystoimien, and during this time they also went to a previous phrase to edit this word
which took few seconds extra time from them. The results from Tr3 are a little bit
complicated. It was noticed during the analysis of their Translog data numerous times that
they put their cursor at the end of the word they are about to edit. This phrase was one of
those cases, hence it was deemed acceptable to add these PEs to the results. The PE time in
the first brackets is the time they spent pausing after they moved the cursor to the end of the
word they were about to edit, and the final brackets include the total time they spent editing
with the exception included. Tr3 moved the cursor at the end of the word they were about to
edit and paused for 1 minute and 16 seconds before editing it. The Translog data also shows
that the rest of the pauses were used to correct typos in the word. And finally, Tr5 took a very
short time to PE this phrase or in this case, word. It was also noticed later in the Translog file
that Tr5 wrote their thoughts down and was later wondering if the iskun is the correct
translation. Vastly different PE times with the participants who post-edited the phrase where

two took over 31 seconds to post-edit, category 3.

Sentence 13 only has one phrase to post-edit pieces of identification MT tunnistetietoja.

Table 9. Time spent post-editing the phrase tunnistetietoja.

Post-editor PE PE time
Trl henkilotodistuksia 1m 23s+1s=1m 24s
Tr2 henkil6asiakirjoja 3s+3s=6s
Tr3 henkilopapereita 55+ 1s+11s=17s
Tr4 tunnistetietoja -
Tr5 tunnistetietoja -

This word saw varied results in its PE times. Trl took 1 minute and 23 seconds before they
started editing the word while Tr2 took a 6s total to edit the word. The Translog data shows
Tr3 starting to write something else, then they delete the word, take a 11 second pause, and

then write down the final form for a total of 17s. Participants Tr4 and Tr5 left this unedited.
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Vastly different PE times with the participants where one participant took over 31 seconds to

post-edit, category 3.

The 14" sentence has two phrases which were cognitively stressful enough for this paper.

First is In related actions MT Toisiinsa liittyvissd oikeudenkdynneissd.

Table 10. Time spent post-editing the phrase Toisiinsa liittyvissé oikeudenkdynneissa.

Post-editor PE PE time
Trl T&hén liittyvissa 6s +2s=8s
Tr2 Asiaan liittyvissa 15s
Tr3 Asiaa koskevissa 4s+7s+1s+1s+6s+ 65+ 1s + 65 + 25 = 34s
Tr4 Toisiinsa liittyvissa -
Tr5 iskuun liittyvissa 3s

Trl takes a little time to start editing and takes a one very short pause for a total PE time of
8s. Tr2 takes a somewhat longer time 15s to start editing. Tr3 takes 4s to start editing and
after that takes two pauses during the edit to presumably think what to edit (a pause that lasts
7s and the second 6s pause). The rest of the pauses happen because they go back and forth to
fix spelling errors, for a PE time of 34s. Tr4 did not post-edit this phrase and Tr5 took only 3s

to start editing. One participant took more than 31 seconds to post-edit

The second phrase of the 14™ sentence is were sentenced MT tuomittiin.

Table 11. Time spent post-editing the phrase tuomittiin.

Post-editor PE PE time
Trl tuomittiin -
Tr2 annettiin tuomiot 3s
Tr3 langetettiin tuomioita 2s+3s+7s+1s+2s+2s+2s+2s5s=21s
Tr4 tuomittiin -
TrS annettiin ... tuomio 2s+1s=3s

This second phrase was left unedited by Tr1 and Tr4. Only 3s was spent at the start of the
word by Tr2. Tr3 on the other hand took more time to PE this phrase but spent less time at the
start. From Translog it was noticed that Tr3 removed a word from this phrase they had added

and then fixed numerous times some letters from the word fuomittiin until the word form was
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changed to tuomioita. Tr5 is a somewhat special case in this phrase as they changed the word
order of the whole sentence making this analysis a little more different from the rest. The
word tuomittiin was changed to have a main verb annettiin which was moved to the beginning
of the sentence, and then they changed the word fuomittiin from a verb to tuomio a noun. As
these words make the phrase fuomittiin it was accepted for this analysis. From the first word
TrS5 started to edit this phrase, tuomittiin, they moved to the start of the sentence to add the
word annettiin and afterwards they took a 1s pause before they moved the cursor to the
second edited word fuomio for a total PE time of 3s. One of the participants took 16 — 30

seconds to post-edit, category 2.

Second to last sentence is number 15 which also has two phrases of which the first one is

Another driver MT Toinen kuljettaja.

Table 12. Time spent post-editing the phrase Toinen kuljettaja.

Post-editor PE PE time
Trl Erastd kuljettajaa 3s+1s=4s
Tr2 Yksi kuljettaja 1s
Tr3 Yksi kuljettaja 6s+1s=7s
Tr4 Yksi kuljettaja 3s+4s=7s
TrS yhden kuljettajan 55+ 1s=6s

Every participant edited this phrase in similar fashion with similar PE times. To start with,
Trl edited the whole sentence altogether with only one pause. They took 3s to start editing
and one pause that lasted 1s. After moving their cursor to the word Tr2 is about to edit they
take 1s before the PE of this phrase is done. Tr3 moves their cursor once again to the end of
the word they are about to edit, and they delete it after 6s and afterwards they take a 1s pause.
Tr4 took a total of 7s to PE the phrase from which 6s was used to start editing. Tr5 edited the
whole sentence in one go in a total of 6s of which 5s was used to pause mid edit. Everyone

edited in less than 15 seconds, category 1.

The second phrase of sentence number 15 is is standing trial MT on seisova oikeudenkdynti.
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Table 13. Time spent post-editing the phrase on seisova oikeudenkéaynti.

Post-editor PE PE time
Trl vastaan on vireilld oikeudenkaynti -
Tr2 odottaa oikeudenkayntia 35s+55=8s
Tr3 odottaa oikeudenkaynti 1s+2s+3s+1s+1s=8s
Tr4 odottaa oikeudenkaynti 2s+2s=4s
Tr5 on meneilldan ... oikeudenkaynti -

In editing this phrase, the participants used two different approaches, namely that three of
them edited the phrase in a same way and the two others edited the whole sentence in one go
in a different fashion. Participants Trl and Tr5 both have their PE time written as none,
because they post-edited the whole sentence without any pauses during this phrase, so the PE
time of table 14 can be used here. Tr2 spent 3s before starting to edit the phrase and took a 5s
pause during it for a little longer PE time of 8s. On the other hand, Tr3 took multiple short
pauses during their PE still totalling 8s. Lastly, Tr4 edited the phrase very fast taking 2s to

start and having one 2s pause during it. Everyone edited in less than 15 seconds, category 1.

The final sentence for this paper is the sentence number 16 with two phrases, of which the

first one is the main organizer MT pddjdrjestdjdn.

Table 14. Time spent post-editing the phrase pééjérjestéjan.

Post-editor PE PE time
Trl padjarjestdjan -
Tr2 salakuljetusten paajarjestajan 25s
Tr3 paajarjestajan -
Tr4 pddorganisaattorin 2s+1s=3s
Tr5 salakuljetusringin johtajan 18s

This phrase saw few longer PE times and was also left unedited by Tr1 and Tr3. The longest
PE time for this phrase was from Tr2 for 25s which they took in one go after moving the
cursor. Tr4 took a total of 3s to edit with one mid phrase pause lasting 1s. Tr5 took a longer
time to edit, 18s with no mid phrase pauses. Two of the participants took 16 — 30 seconds to

post edit, category 2.



Finally, the last phrase of this paper is on a German European Arrest Warrant MT

saksalaisesta eurooppalaisesta piddtysmddrdyksestd.

Table 15. Time spent post-editing the phrase saksalaisesta eurooppalaisesta pidatysmaéaréyksesta.

35

Post- PE PE time
editor
Trl sakasalaisen eurooppalaisen pidatysmaarayksen
perusteella 3s+5s+3s=11s
Tr2 Saksassa vahvistetun eurooppalaisen
pidatysmaarayksen nojalla 17s+ 1s +9s + 1s = 28s
Tr3 12s+1s+1s+11s+1s+1s=
saksalaisella eurooppalaisella pidatysmaarayksella | 27s
Tr4 Saksan eurooppalaisen pidatysmaardyksen
perusteella 14s+ 1s+2s=17s
Tr5 Saksan eurooppalaisen pidatysmaardyksen
perusteella 1s+1s+1s=3s

This last phrase is a longer one with post-edits made by every participant. This phrase

included multiple words because all the post-editors edited this phrase in a similar fashion.

Meaning, they all had to edit their phrases the way they did because all the words had to have

case endings that fit all these words in this phrase. The first PE made here by Tr1 took 11s

with two pauses which took 5s and 3s respectively. The first pause taken after the start is

because the post-editor goes back to edit the first word in the phrase saksalaisesta because

they had spelled it incorrectly, although they still ended up spelling the word incorrectly to

sakasalaisen. Tr2 takes the longest to PE this phrase for a total of 28s of which 17s is taken

after moving the cursor to the start of the phrase. The 9s pause in the middle is taken because

the post-editor first writes saksalaisen but then goes back to change it to Saksassa. Tr3 used

slightly less time to PE this phrase than Tr2 with 27s. Similarly, to Tr2, Tr3 takes some time

after moving the cursor to the beginning 12s and they also have one longer pause during this

PE for 11s. Tr4 also took a longer pause at the beginning for 14s and then proceeded to have

two very short breaks 1s and 2s before finishing this phrase. Tr5 on the other hand took only

3s to PE this phrase. They had three 1s pauses of which the second pause was used to change

the first word they wrote from saksalaisen to Saksan. This phrase was particularly curious

because it saw three of the participants come back a second time and edit the very first word
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of the phrase saksalaisesta at some point of their PE. Three of the participants took 16 — 30

seconds to post edit, category 2.
4.2 Results of Choice Network Analysis

In this section, some of the same words/phrases that were analysed in section 4.1, are shown
with three CNA figures and the rest are written analyses illustrating the PE times of the
phrase/word in question for the various translators. As the CNA method in this study uses
TXT files, this analysis will use only the text files that were recovered after the translators had
post-edited their Translog-II files. As was mentioned earlier in section 3.3.1, these files were
the final version taken from the Translog-II log files. After the files had been encoded to
readable format, the comparison between the MT and the translator’s post-editions could

begin. The cognitive difficulty scale used for the CNA in this study has three categories:
e at least 3 participants post-edit making it somewhat difficult = 1
e 4 participants post-edit, difficult =2
e cvery participant post-edit, very difficult =3

The first phrase under scrutiny is the further looked into which has been machine translated
into tarkastelivat edelleen. This is the first phrase that can be seen as cognitively difficult with
the CAN making it category 3, as every participant has edited the phrase in a different way.
The participants used 3 different approaches for post-editing: word changes, words deleted
and a combination of both approaches where only one participant deleted one word. Figure 2
below illustrates the CNA method in a similar way as to how Campbell (2000a) and also

Salmi and Koponen (2020) showcased it in their studies.

Jilkeen ———» ingert — sen ————— farkasiclivat sen jilkesn

a word Tr1
change
tarkastelivat a word futkivat —® change — g perustesilisesti —p futhivar perusfeellizesti
edellsan another T2
NMT wiord
seurasivat seurasivat Trd
selvittivdt selvittivdt Tr3
delete
* o word tarkastelivar T3

Figure 2. CNA network model for the 4th sentence's phrase tarkastelivat edelleen.
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The word tarkastelivat is of more importance in this phrase than the adverb edelleen and this
makes it the primary focus for the post-editors. Of the five post-editors two kept the original
verb tarkastelivat while both of them still made changes to the phrase by inserting a new word
to it and changing the other less important adverb (Tr1) and by deleting a word from the
phrase (Tr3). This makes it so that four of five post-editors decided to change at least one
word from the phrase. The other two post-editors decided to delete the other less important
word entirely after changing one word (Tr4, Tr5) and the last person changed both of the
words (Tr2.

Following the same sentence from the first example we have the second phrase which is a
direct continuation of the first phrase in figure 3. The second phrase is the activities of 36
people which was machine translated to 36 ihmisen toimia. This phrase was post-edited by
four participants and one of the post-editors left it unedited (Tr4). This makes the phrase less
difficult, category 2, as the previous one as it has still been post-edited by at least four
participants. One post-editor only made changes to the form of one word leaving the other
words intact (Tr3). Two post-editors inserted words to the original phrase and from these two,
Trl inserted one word while Tr5 inserted three separate words, of which one was the verb of
the phrase, changed a word, and also altered the word order of the whole phrase. Lastly, Tr2
changed the verb from of the phrase into syytetyn.

unedited » 38 ihmizen foimia
Trd
form
36 ihmisen changed ——® foimintaa B 16 ihmisen foimintaa

foimia Te3
NMT inzerted sellaisien p sellaisten 16 ihmisen
toimia
Irl
yhieensd,
salakulfefuksesta, henkilsyn —pword e Vhfeensd 36%
Syvietva word order  salakulietuksesia

changed syvieivn henkilin

/ toimia
Ti5

syvietyr ——— 36 syviervn toimia
Ti2

Figure 3. CNA network model for the 4th sentence's phrase 36 ihmisen toimia.

In the figure 3 above, there is an asterisk (*) marked on the number 36 from Tr5. This is

because in the PE text Tr5 actually wrote the number 36 (as in thirty-six) in Finnish which,
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when written in Finnish (ko/menkymmenenkuuden), was too long to fit for the figure 3 CNA

network model and as such was shortened to 36.

The next phrase, illustrated in the table 3 below, is again a direct continuation of the previous
figure. This phrase is longer than the previous ones and has been cut to subsegments due to its
structure, as the NMT translation differed somewhat of the one made by the post-editors and
the word order was changed in a way that makes the analysis less optimal. This example is
shown as a table instead of the traditional network model. This table model has been used in
other studies to showcase CNA model in an alternative way which makes it easier to see the
PEs at a glance, and it is also easier and less time consuming for the researcher to make than
the traditional network model (O’Brien 2006; Salmi and Koponen 2020). This phrase has also
been post-edited differently by every participant (category 3) making it cognitively difficult
on CNA standards. Participants Tr3 and Tr5 cut the sentence in the middle by putting a full
stop before the phrase joita syytettiin and starting with a new sentence. Every participant
edited the phrase by changing the word order and changing the form of some words. Tr2 was
the only one who kept the word salakuljetettu in somewhat same position with the NMT
although, the form of the word was changed. The word syytettiin was moved to the previous
phrase and a new word o/i was added here. Every other participant kept the original words

salakuljetuksesta and siirtolaisen and Trl and Tr5 also changed the word vdhintdcdn.

Table 16. CNA table model of a longer phrase in the 4th sentence.

ST4 |accused of smuggling at least 580 migrants

INMT |joita syytettiin salakuljetuksesta vahintain 580 siirtolaista

Trl |joita syytetddn ainakin 580 siirtolaisen salakuljetuksesta
Tr2 joissa oli salakuljetettu vahintddn 580 siirtolaista

Tr3  |[Heitd syytettiin vahintdén 580 siirtolaisen salakuljetuksesta
Tr4  [joita syytettiin vahintddn 580 siirtolaisen salakuljetuksesta
TrS  |Henkil6itd syytettiin ainakin 580 siirtolaisen salakuljetuksesta

The table model, illustrated in table 16 above, makes it easier to quickly glance the
differences of various PE made by different people. However, when the word order is
changed this makes it somewhat more difficult to manage the table format as it might get

stretch wide on paper.

The final difficult phrase (or word in the source language) of the 4™ sentence is earning,

machine translated to ja jotka ansaitsivat. This phrase was edited by everyone (category 3),
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especially by Tr5 who reworked the whole phrase. Tr5 changed every word, inserted new
words, and hence changed the word order. Other participants edited the word forms, primarily
the word ansaitsivat (except Tr4) was altered, whereas Tr4 changed the word jotka to syytetyt

while also deleting the word jotka.

Next, we move on to the 7" sentence, with financial and logistical support provided by
Eurojust MT to jota Eurojust ja Europol tukevat taloudellisesti ja logistisesti. This longer
phrase has multiple words in it and was analysed as a single segment, as otherwise it would
have been somewhat difficult to examine them due to the source language phrase and the
NMT phrase being somewhat different from each other. Participants Tr2 and Tr4 left this
segment unedited, while the rest made some changes making it category 1. Tr5 only changed
the form of the word fukevat from its present tense to the past tense fukivat. Trl and Tr3 on
the other hand changed this quite a bit. They both changed the word order of the whole
phrase, deleted words, and changed the form of some of the words. Tr1 changed the word
order so that they put a subordinate clause at the end of the sentence with the word Eurojust in
it, and they removed the word Europol which is not seen in the ST and one of the ja words.
Tukevat also had its from changed to fukee. Tr3 did similar alterations as they removed
Europol, jota, and of the two ja words, changed the word order slightly, and also changed the

form of every word in their post-edited phrase except ja.

In the 8" sentence there is again only one phrase that has multiple post-edits done to it, the
action day machine translated as toimintapdivdn. This has been post-edited by Tr2, Tr3, and
Tr5 and left unedited by Trl and Tr4 (category 1). The three post-edits were all about
changing the actual word where they removed the word action altogether. Tr2 changed it to
piddtystoimien which is more in the realm of arresting action, whereas Tr3 and Tr5 changed
the word in somewhat similar ways; Tr3 changed it to paljastusiskun and Tr5 shortened the

word to iskun.

Like in the previous sentence, sentence 9 also only has one phrase that has been post-edited
by three participants (category 1). The MT of the phrase is pieces of identification machine
translation is tunnistetietoja which was left unedited by Tr4 and Tr5. The rest changed this
one word to various different ones. Trl changed it to henkilotodistuksia, Tr2 to
henkiloasiakirjoja, and Tr3 to henkilopapereita, all these words are very similar as they are

compound words that start with the word henkilo-.
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Next, we move on to sentence 14 which has been cut to subsegments to make it easier to
analyse as was also done in the 4 sentence. All the participants had changed various different
parts of this phrase making this category 3, so it was decided to put these subsegments into
the table form as was mentioned above due to the table form being easier for the researcher to
make and it being easier to quickly see the differences. These phrases saw various
modifications done to them: word changes, form changes, insertions, and word order changes,

making this a cognitively difficult phrase.

Table 17. CNA table model of a longer phrase in the 14th sentence.

ST14 |In related actions, four drivers were sentenced [in Germany

[Toisiinsa liittyvissa
INMT Saksassa  tuomittiin [neljs kuljettajaa,
oikeudenkdynneissa

Téhan liittyvissd

Trl ) . Saksassa  [tuomittiin  neljd kuljettajaa,
oikeudenkdynneissd
Asiaan liittyvissd . o . .
Tr2 ) . Saksassa neljille kuljettajalle |annettiin tuomiot,
oikeudenkdynneissd
Asiaa koskevissa ) o B o
Tr3 Saksassa neljille kuljettajalle |langetettiin tuomioita,

oikeudenkdynneissd

Toisiinsa liittyvissid o . o . B
Tr4 . . L Saksassa  [tuomittiin  peljd kuljettajaa rangaistuksiin,
oikeudenkdynneissd

Saksassa annettiin iskuun ) ) o
s | . . . tuomio neljille kuljettajalle.
liittyvissd oikeudenkdynneissd

In the table 17 above, a quick a glance shows that Tr4 has kept the phrase almost unedited and
Tr5 has made some significant changes to it. Next, it can be seen that each participant had
kept the beginning of the sentence somewhat similar, mainly changing the pronoun, Toisiinsa
with the exceptions of Tr4 who left the first subsegment unedited and TrS5 inserting new
words and moving Saksassa at the very beginning. As Tr5 changed the word order of the
whole sentence they were the only one to move tuomio (sentence to approximately the same
place it would have been in the ST. Everyone else, kept Saksassa in its current place. The
word tuomittiin was left here by Tr1 and Tr4. However, every participant left the neljd
kuljettajaa here with some form changes done to it. Finally, Tr2, Tr3, and Tr4 moved various
words at the end of the phrase. Tr2 inserted a new word annettiin with the word tuomiot
which had its form changed, Tr3 did the same thing by inserting /angetettiin and changing the

form to tuomioita, whereas Tr4 just inserted the word rangaistuksiin.

Next is a short sentence 15, which has two phrases with multiple modifications and it’s also

worth noting that every participant post-edited this differently from the NMT. In fact, Tr2,
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Tr3, and Tr4 post-edited the whole sentence identically. This makes the CNA result somewhat
interesting in this sentence, as three of the participants came to the exact same conclusion still
making this segment somewhat difficult cognitivelly. The first phrase is Another driver
machine translation Toinen kuljettaja, which has been post-edited by every participant
(category 3). Trl changed a word and form of these two words to Erdstd kuljettajaa, while
Tr5 changed a word, word order, and word form by moving this phrase towards the end of the
sentence yhden kuljettajan. Tr2, Tr3, and Tr4 changed the word Toinen to Yksi. The other
phrase of this sentence is a direct continuation of the first one is standing trial machine
translation on seisova oikeudenkdynti. Although, in this paper there is no MT error analysis,
here a clear error has happened where the NMT has literally translated the phrase which has
then been post-edited by everyone (category 3). Trl has inserted the word vastaan at the
beginning of the phrase and changed a word vireilld. As was said earlier, Tr5 changed the
word order, but they also changed a word meneillddn. Tr2, Tr3, and Tr4 deleted a word,

changed a word odottaa, and changed word form oikeudenkdyntid.

Finally, the 16" sentence has two phrases modified by multiple participants. The first phrase
is the main organiser machine translation pddjdrjestdjdn which was left unedited by Trl and
Tr3 (category 1). Tr2 inserted the attribute salakuljetusten before the main word
pddjdrjestdjdn. Tr4 changed the word to pddorganisaattorin which is rather literal translation
of the ST word. Tr5 on the other hand inserted salakujetusringin before the main word and
then changed the main word to johtajan. The next phrase of this sentence was divided into
subsegments to ease the analysis, although these phrases and words are directly linked to each
other: on a German European Arrest Warrant machine translation is saksalaisesta
eurooppalaisesta piddtysmddrdyksestd. Every participant post-edited this phrase differently
making this cognitively difficult (category 3). Every participant, except Tr3, inserted a word
at the very end while everyone changed word forms of each word in this phrase. Trl, Tr4, and
Tr5 inserted the word perusteella at the end of the sentence to explain on behalf of what the
arrests were made and Tr2 inserted the word nojalla for most likely the same reasons. Tr3 was
the only who did not insert words to this phrase rather they just changed word forms to

achieve similar results to the other post-editors.
4.3 Choice Network Analysis and Translog-ll Analysis Comparison

With results from the both previous sections we can now compare the results of the two

methods, did the CNA and Translog-II show the same cognitively difficult phrases/words in
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the PE process of the five professional translators. The phrases are compared in the same
order as they appeared in the previous sections 4.1 and 4.2. First the CNA result is given and
then the Translog-II results are given for comparison. The difficulty scales had three
categories: 1 being somewhat difficult, 2 being difficult, and three being very difficult. In
CNA the cognitive difficulty was measured by counting how many participants post-edited
the phrase with the minimum being three participants and with the process analysis tool
Translog-II, the difficulty was measured by the time it took for the participants to post-edit the

phrase.

Table 18. Sentence 4 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation

process (Translog-II)

4/1 5/5 3—11 sec.
4/2 4/5 16 — 28 sec.
4/3 5/5 10 — 63 sec.
4/4 5/5 1 — 8 sec.

From the 4" sentence the first phrase tarkastelivat edelleen was post-edited in some way by
every participant making it cognitively very difficult by the CNA method which makes it
difficulty category 3. The PE times ranged from 3s to 11s which actually makes this one of
the shorter PE times of all the phrases analysed and in doing so, contradicts the CNA method
being category 1. The second phrase 36 ihmisen toimia, was post-edited by four participants
making it difficult to PE, category 2. The PE times ranged from 16s to 28s which make it
cognitively more difficult than the previous phrase, category 2. The third phrase joita
syytettiin salakuljetuksesta vihintddn 580 siirtolaista was post-edited by every participant, so
its category 3. PE times give similar results as the time range was much wider from 10s to 1m
3s, although four of the participants edited the phrase in less than 20s, category 3. The final
phrase of the 4™ sentence was ja jotka ansaitsivat was post-edited by everyone making it very
difficult in the eyes of CNA. The Translog-II on the other hand shows otherwise with PE

times of 1s — 8s making this one of the shortest PE times of every phrase, category 1.
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Table 19. Sentence 7 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation
process (Translog-1I)
7/1 3/5 7 —21 sec.

Next sentence was sentence number 7, which had only one phrase to analyse. The phrase jota
Eurojust ja Europol tukevat taloudellisesti ja logistisesti was post-edited by three people
which was the minimum required for this paper, making this somewhat cognitively stressful
with CAN, category 1. On the other hand, the PE times were 7s — 21s making this difficult,
category 2.

Table 20. Sentence 8 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation
process (Translog-II)
8/1 3/5 4 — 94 sec.

Moving to sentence 8 which also has only one phrase to analyse toimintapdivdin. This phrase
was post-edited by three people as was the previous phrase making this category 1. This
phrase was in fact one of the longest phrases to PE by the two participants who did PE this
one, although one of the three post-edited this in 4s. The PE times were 4s — Im 34s with the
middle one taking 46s to PE showing that this was one of the more difficult phrases as the

results ranged quite widely, category 3.

Table 21. Sentence 13 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation
process (Translog-1I)
13/1 3/5 6 — 84 sec.

Next was the 13" sentence with one phrase tunnistetietoja. This was post-edited by three
participants which would make this phrase also only somewhat cognitively difficult to PE,

category 1. Translog-II shows some mixed results for these three as the PE times ranged from
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6s to 1m 24s with the middle one taking 17s to PE. As one translator took more than 31s to
PE the phrase it is category 3, which is very different from the CNA method.

Table 22. Sentence 14 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation
process (Translog-II)
14/1 4/5 3 — 34 sec.

14/2 3/5 3 —21 sec.

The next comparison is for the 14 sentence which had two phrases to analyse in it. First one
being Toisiinsa liittyvissd oikeudenkdynneissd which was post-edited by four of the five
participants in this way making it cognitively difficult to PE by the CNA method, category 2.
This phrase saw PE times ranging from 3s to 34s having two of the shortest PE times, but
with the exception rule mentioned in 4.1, this belongs to category 2. This phrase can be said
to be difficult with both methods due the PE times and the number of post-edits. The second
phrase of this sentence was fuomittiin. This phrase was post-edited by three people which
again makes it only somewhat difficult to PE in the eyes of CNA, category 1. The PE times

were 3s and 21s, category 2.

Table 23. Sentence 15 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation
process (Translog-I1)
15/1 3/5 1 -7 sec.

15/2 5/5 4 — 8 sec.

Moving to the very short sentence numbered 15 which had two phrases to analyse as well.
The first phrase was Toinen kuljettaja and this one was post-edited by every participant
making it very difficult with the CNA method which would be category 3, but as three of the
editors edited the phrase in the same way meaning it was, in fact only somewhat difficult,
which ultimately is category 1. As CNA showed somewhat cognitively difficult results
(category 1), Translog-1I showed the same with PE times of 1s — 7s making this the shortest
PE time in this paper meaning it was not cognitively difficult, category 1. The second phrase

of this sentence was on seisova oikeudenkdynti which was post-edited again by everyone
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making it very difficult. PE times on the other hand show a different story with times ranging
from 4s to 8s, also making this phrase have the least amount of PE time difference between
the participants, category 1. This short sentence showed vastly different results for these two

methods.

Table 24. Sentence 16 number of post-editors and time used to post-edit.

Sentence / phrase number of editors / CNA time used / translation
process (Translog-11)
16/1 3/5 3 —25 sec.

16/2 5/5 3 — 28 sec.

Finally, the 16™ sentence had two phrases to analyse. The first phrase pddjirjestdjin was
post-edited by three people which makes this category 1. This phrase saw some variation with
the PE times 3s — 25s with the middle one taking 18s making this difficult with the process
analysis, category 2. The final phrase of this paper was saksalaisesta eurooppalaisesta
piddtysmddrdyksestd. This last phrase was post-edited by every participant which makes this
category 3 with the CNA method. The PE times show different results with 3s — 28s. The
longest PE time for this phrase was 28s and it still lies in the middle category of the PE times
and in doing so, contradicts the CNA method in this phrase, category 2.
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5 Discussion

The results of the present study, which are presented in section 4, will be discussed in better
detail in this section. These results will be compared to previous research on cognitive
difficulty and PE that were introduced in section 2 with related works and background
framework. As the current study did not attempt to make any hypothesis regarding PE or the
cognitive difficulty of it, but rather compare these two methods, the results will be compared

to previous research on the topic.

In the present study, the CNA method was used to find phrases where more than three post-
editors made different changes to the MT and these results were then compared to the editing
processes of the participants to ascertain if they show the same cognitively difficult phrases.
The results of this study are rather divided. The results showed that both of these methods
exhibited the same results of cognitively difficult phrases on four cases and the other nine
were somewhat, or very different from each other. For this research it would mean that the

CNA method did not give the same cognitively difficult phrases as Translog-II did.

It has been established in previous studies that the CNA method might not yield the best
possible results by itself but it can work really well with other methods or tools such as
Translog (O’Brien 2005; 2006). And other studies suggest that having multiple different edits
by translators does not always imply cognitive difficulty but can, in fact, also mean creative
freedom (Ketola 2016). This study shows that the CNA method might not always equal
cognitive difficulty, as the PE times shown in this paper imply. In this paper, on numerous
instances the translators had multiple different post-edits done to a phrase for which the PE

time was very short.

These differences between CNA and the translation process analysis in four of the cases in
this study could imply what Ketola said in their research data (2016) that the translators use
their creativity here instead of thinking what the “correct” translation could be. The short PE
times, especially in tables 5, 8, 12, and 14, suggest that the participants did not have cognitive
difficulties while post-editing these phrases. On the other hand, the aforementioned tables
were post-edited by 4 to 5 participants which would mean cognitive difficulty with the CNA
method.

The CNA method is used to determine if the translator had some or any cognitive difficulty

while translating or post-editing text. In this paper, CNA showed variable results along with
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the translation process analysis. By itself CNA would have showed perhaps somewhat
misleading results on some of the phrases on the various segments examined in this paper.
Although, this study did not examine every sentence in the text, as the scope was to examine
those phrases which had three or more different post-edits done to them, it could be possible
that the phrases not included in the analysis of this paper might have had better results along
with the translation process analysis tool Translog-1I. Four of the results showed that CNA
and the translation process analysis are in an agreement with which post-edits could be
cognitively difficult and which not. In these results, some post-edits were done fast and only
three did any changes to them, and in some of these cases, every participant made changes

and they also took considerably longer to edit these.

While CNA was useful in helping identify phrases which might be cognitively difficult,
Translog-1I was able to give more precise information e.g., how long it took to post-edit the
phrases in question. It can, of course, be debated if PE time is more reliable than counting
different post-edits made by various translators via CNA, but that was not the interest of this
study. With Translog-II it was possible to see what the participants did during their PE work,
even though this was not necessary for this paper. One of the participants wrote down some of
their thoughts and questions for themselves on the document for later use, for example.
Translog-II can also give insight on what the translator does while writing their post-edition
as there are some occasions, even in this study, where it is recorded when a participant makes
more than one edit to one word. This way, Translog-II can give more information on what
word or phrase might be cognitively difficult as it takes longer to edit these specific words or
phrases and it also shows words or phrases that have been edited multiple times, perhaps

meaning that those segments were, in fact, cognitively difficult.

Although this study used a triangulation of CNA and the translation process analysis tool
Translog-1I, there are still some problems that remained for the research, after the analysis
was done. This study only used Translog-II to gather data from the participants, there was no
eye-tracking used so it is not possible to determine with 100% accuracy if the participants
actually started or ended post-editing a certain phrase or segment. In this paper, it was
determined that when the cursor moved to the start of the phrase to be edited and did not
move immediately back, the line for post-editing that phrase was crossed. There is no way of
knowing if the participant actually stopped thinking a previous edited phrase or not and
neither was there a think-aloud protocol used although, one participant did write some of their

thoughts on the document.
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Another problematic factor was PE time to which there was no definite time measurement to
decide what is a long PE time and what is not. I was not able to find a study that further
expands on what is a suitable time to PE e.g., a phrase or a similar segment, which would
serve this study. The PE times ranged from all the way from 1 second to 1 minute and 34
seconds. It was then determined that for this study, rough estimates of 15 second increments
were to be used based on every participant’s answers on all of the post-edits done and three

categories were made according to the PE times.

As was mentioned earlier, it has been argued that post-editing a MT should ease the workload
increasing productivity of translating (Plitt and Masselot 2010; O’Brien 2011). Considering
this, it would behove us to believe that the less time spent post-editing the better this would be
for productivity. As some of the lowest PE times were only a few seconds, it could
hypothetically be said that those phrases were post-edited fast since this time is rather close to

0 (zero) seconds, and thus were, in fact cognitively not very difficult.

Although outside the scope of this paper, it could perhaps have been possible to theorise some
results with the participants’ experience in translations and the experience with PE times. The
background information showed how long each participant had been translating
professionally and the questionnaire sheet showed that four of the five participants had no
experience with PE before this research. If a person has 20 years of experience in translation,
can they still post-edit with relative ease and how easily did they understand the concept of
light vs. heavy PE? If they did not follow the light PE rules, they might have done some
unnecessary work which is not very productive or cognitively easy. On the other hand, if a
translator has less than 10 years of experience in translation but has done multiple works by
PE are they more, or less productive than someone who has more experience from the
translation field in general? This would have needed more data to examine and as such, was

not possible with the limitations of this study.



49

6 Conclusion

In this comprehensive study, we aimed to investigate the cognitive effort involved in post-
editing machine translation and compare two methods, Choice Network Analysis and the
translation process analysis tool Translog-I1, to identify cognitively difficult phrases during
the PE process in a somewhat similar fashion to O’Brien (2005) and Koponen and Salmi
(2020). The comparison between these methods revealed both areas of agreement and
discrepancies, shedding light on the complexities of the post-editing process and the factors

influencing cognitive effort.

The study involved a group of five professional translators who participated in the PE process
as part of the research investigation. These participants were gathered from the monthly
SKTL meeting. Additionally, the participants' contributions help explain the cognitive
complexities of translation, emphasizing the need for a nuanced approach to evaluating

translation quality and difficulty.

We compared the outcomes of two distinct methods used to understand the cognitive
intricacies in the PE process of skilled professional translators. The primary focus lies on the
CNA and the translation process analysis as the chosen analytical tools for this investigation.
Our aim was to discern any similarities and differences between these two methods in
identifying phrases that pose cognitive challenges during the PE task, which, in turn, sheds
light on the effectiveness and reliability of each method in comprehending the subtleties of

translation cognitive effort.

As the analysis unfolds, we carefully scrutinised the results, presenting the cognitively
difficult phrases pinpointed by both the CNA and Translog-II methods. In four of the cases,
the two methods reached similar results, agreeing on the identification of genuinely
challenging phrases, thereby somewhat validating the reliability of the CNA approach in
certain instances. However, in the remaining cases, we encounter differing results that prompt
a more in-depth examination of CNA's effectiveness in capturing cognitive difficulty,
particularly when compared to the translation process analysis insights. These contrasting
outcomes raise pertinent questions about the suitability of the CNA method under specific
conditions and contexts. Consequently, we recognise the multifaceted nature of translation

cognitive processes, acknowledging that no single method can claim unassailable supremacy
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in assessing cognitive difficulty. But using both CNA and Translog-II bolsters the credibility

of these two methods used in tandem with each other in assessing cognitive difficulty of PE.

Throughout this investigation, we noticed an interesting observation: certain phrases exhibit
multiple post-edits despite short post-editing times. This phenomenon begs a profound
question — do these multiple post-edits genuinely indicate cognitive difficulty (Campbell
2000a), or could they be manifestations of translators exercising their creative liberties during
the PE task (Ketola 2016)? These insights underscore the need to consider factors that shape

translators' decision-making and linguistic choices during PE.

Another intriguing facet of this study is the impact of variation in post-editing times among
the skilled participants. This disparity in PE times contributed to diverse interpretations of
cognitive difficulty. Some phrases, seemingly brief in post-editing duration, were deemed
cognitively challenging by the CNA method, while the translation process analysis results
were at odds with such classification. This revelation highlights the subjectivity inherent in
defining translation difficulty and the idiosyncratic nature of cognitive engagement among the

various translations and post-editions made by professional translators.

For instance, in the 4th sentence, the phrase farkastelivat edelleen was post-edited by all
participants, indicating high cognitive difficulty according to CNA. However, the PE times
ranged from 3 to 11 seconds, contradicting CNA's assessment. Similarly in the 4th sentence,
the phrase ja jotka ansaitsivat was post-edited by all participants, indicating high cognitive
difficulty according to CNA. However, the translation process analysis revealed short post-

editing times of 1 to 8 seconds for this phrase, showing disagreement with CNA's assessment.

Nonetheless, some cases did still comply with both methods such as the 4th sentence, with the
phrase joita syytettiin salakuljteuksesta vihintddn 580 siirtolaista was post-edited by every
participant, denoting cognitive difficulty by CNA. The PE times ranged from 10 seconds to 1
minute and 3 seconds, aligning with CNA's evaluation. The 13™ phrase tunnistetietoja was
also post-edited by three participants making it somewhat cognitively difficult to PE.
Translog-II showed varied results with PE times ranging from 6s to 1m 24s. Here only one
translator took more than 20s to PE the phrase emphasising this being somewhat difficult with

the CNA method.
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On the subject of PE times, future research could perhaps focus on what is a short or long PE
time and how does it factor in with the CNA. During the start of this study, the researcher did
not find and relatable studies examining what is a short or long PE time. CNA is unable show
PE times but with Translog-II it would be possible to gather this data, and then later compare
this with CNA results.

In culmination, our comparative exploration of CNA and Translog-II in assessing cognitive
difficulty throughout the PE process showcases profound insights into the intricate realm of
translation cognition. While both methods provide valuable contributions to our
understanding, their divergences and limitations prompt the realisation that the complexities
of cognitive effort in translation can only be fully comprehended through a multi-faceted
approach. Such an inclusive perspective entails the amalgamation of various analytical
methodologies and a nuanced recognition of individual translator nuances, allowing for a

more holistic comprehension of translation cognitive processes.

The present study examined and compared cognitive difficulty of professional translators’
who post-edited a machine translated text from English to Finnish. There is very little
research done on this topic regarding Finnish language and using professional Finnish
translators in research. This study showed that professional translators, even those that have
been translating for more than a decade, have either some cognitive difficulty post-editing or
are taking their time using their creative freedom while translating or post-editing. It would
benefit the translation field to research this topic more extensively in the future, for us to learn

the intricacies of PE and the cognitive difficulty associated with it.
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Appendix 1. Information form
Tunniste:

Tutkimus englanti-suomi-konekéaiéinnoksen jilkieditoinnista
marraskuu 2019
Turun yliopisto

Kieli- ja kddnnostieteiden laitos

Maarit Koponen Leena Salmi

maarit.koponen@helsinki.fi leena.salmi@utu.fi

Editointiprosessitutkimus

Téssé tutkimuksessa tutkitaan englanti-suomi-konekadnnoksen virheité ja niiden korjaamista
eli jalkieditointiprosessia. Koe koostuu tehtivésti, jossa koehenkild editoi konekddnnettyd
tekstikatkelmaa tietokoneella. Kokeessa kerdtddan aineistoa seuraavasti:

1) Ennen jilkieditointia koehenkilo téyttdé taustatietolomakkeen.

2) Jalkieditoinnin aikana tehtyjd korjauksia seurataan ja tallennetaan
nippdilyntallennusohjelmalla.

3) Jilkieditoinnin jélkeen tallennetaan lopullinen kdinndsversio.

4) Jilkieditoinnin jdlkeen koehenkild saa halutessaan katsoa videon, jossa ndkyy hdnen
editointiprosessinsa.

Aineistoa kdytetddn ainoastaan tutkimustarkoitukseen. Kaikki henkildtiedot (nimi,
mahdollinen opiskelijanumero tai muu henkiloon yhdistettéva tieto) poistetaan
tutkimusaineistosta ja sdilytetddn siité erillddan. Kaikki kerétty aineisto késitelldén ja
sédilytetddn nimettoména siten, ettei yksittdistd koehenkil6d voida tunnistaa. Koehenkild voi
halutessaan koska tahansa pyytdé hineltd kerédtyn aineiston poistamista ottamalla yhteyttd ylla
nimettyyn tutkijaan.

Suostun ettd kokeessa syntyvidi aineistoa saa kdyttdd edelld kuvattuun tarkoitukseen.

paiviys:

koehenkilon nimi:
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Appendix 2. Source text

International migrant smuggling network dismantled 14 November 2019

Yesterday, the national authorities in Germany (Federal Police Department) and Romania
(Directorate for Investigating Organised Crime and Terrorism and National Police) took part
in a simultaneous action against an organised criminal group smuggling migrants from the
Middle East. The German Federal Police initially carried out the investigation with the
Romanian national authorities and were later joined by UK and Hungarian investigators.
National authorities from Germany, Romania, Hungary, the UK and Turkey further looked
into the activities of 36 people accused of smuggling at least 580 migrants, earning more than
EUR 2 million for their services. The smugglers and their victims travelled from Iran, Iraq
and Syria, via Turkey and Greece, to Romania where they were loaded into containers and
transported on trucks via Hungary and the Czech Republic into Germany. This form of
transport is potentially fatal for the migrants. A joint investigation team (JIT), with financial
and logistical support provided by Eurojust, was formed in November 2018 among Germany,
Romania, the UK and Hungary, with the participation of Eurojust and Europol. The JIT was
instrumental in the success of the investigation and the action day. Two coordination meetings
were held at Eurojust to prepare for the action day. Europol supported the actions by
analysing data. During the action day, 78 police officers from Germany and 65 police officers
from Romania searched 13 houses in Germany and Romania. Four people were detained in
Romania and one person was detained in Greece. The police seized 14 cell phones, 2
computers, bank account documentation and various pieces of identification. In related
actions, four drivers were sentenced in Germany to terms ranging from one year and eight
months to five years and three months. Another driver is standing trial in Hungary. The main
organiser was arrested on a German European Arrest Warrant in London earlier this year by
German and UK police. His extradition is pending. At the same time, the Turkish Police

arrested 14 suspects.
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Appendix 3. Machine translation of the source text

Kansainvilinen siirtolaisten salakuljetusverkosto lakkautettu

Eilen Saksan (liittovaltion poliisiosasto) ja Romanian (jérjestdytyneen rikollisuuden ja
terrorismin tutkintaosasto ja kansallinen poliisi) viranomaiset osallistuivat samanaikaisiin
toimiin Lahi-iddstd muuttajia salakuljettavaa jarjestaytynyttd rikollisryhméé vastaan.

Saksan liittovaltion poliisi suoritti ensin tutkinnan Romanian kansallisten viranomaisten
kanssa, ja myohemmin siithen osallistuivat Yhdistyneen kuningaskunnan ja Unkarin tutkijat.
Saksan, Romanian, Unkarin, Yhdistyneen kuningaskunnan ja Turkin kansalliset viranomaiset
tarkastelivat edelleen 36 ihmisen toimia, joita syytettiin salakuljetuksesta vahintdan 580
siirtolaista ja jotka ansaitsivat yli 2 miljoonaa euroa palveluistaan. Salakuljettajat ja heiddn
uhriensa matkustivat Iranista, Irakista ja Syyriasta Turkin ja Kreikan kautta Romaniaan, jossa
heidit lastattiin kontteihin ja kuljetettiin kuorma-autoilla Unkarin ja TSekin kautta Saksaan.
Tama litkennemuoto saattaa johtaa siirtolaisten kuolemaan. Marraskuussa 2018 Saksaan,
Romaniaan, Yhdistyneeseen kuningaskuntaan ja Unkariin perustettiin yhteinen tutkintaryhma,
jota Eurojust ja Europol tukevat taloudellisesti ja logistisesti. Yhteinen tutkintaryhma oli
ratkaisevassa asemassa tutkinnan ja toimintapdivén onnistumisen kannalta. Eurojustissa
pidettiin kaksi koordinointikokousta toimintapdivin valmistelemiseksi. Europol tuki toimia
analysoimalla tietoja. Toimintapdivén aikana 78 poliisia Saksasta ja 65 poliisia Romaniasta
etsivit 13 taloa Saksasta ja Romaniasta. Romaniassa pidatettiin neljd henkilda ja Kreikassa
yksi henkild. Poliisi takavarikoi 14 matkapuhelinta, 2 tietokonetta, pankkitiliasiakirjoja ja
erilaisia tunnistetietoja. Toisiinsa liittyvissd oikeudenkdynneissd Saksassa tuomittiin neljad
kuljettajaa, joiden kesto vaihteli vuodesta ja kahdeksasta kuukaudesta viiteen vuoteen ja
kolmeen kuukauteen. Toinen kuljettaja on seisova oikeudenkdynti Unkarissa. Saksan ja
Yhdistyneen kuningaskunnan poliisi pidétti pddjarjestdjin Lontoossa aiemmin tdnd vuonna
saksalaisesta eurooppalaisesta piddtysméérdyksestd. Hanen luovuttamisensa on kesken.

Samaan aikaan Turkin poliisi piditti 14 epailtya.
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Appendix 4. Post-edited sentences of Tr1

Sentence 4

Saksan, Romanian, Unkarin, Yhdistyneen kuningaskunnan ja Turkin kansalliset viranomaiset
tarkastelivat sen jalkeen sellaisten 36 ihmisen toimia, joita syytetdan ainakin 580 siirtolaisen
salakuljetuksesta ja jotka ovat ansainneet yli 2 miljoonaa euroa palveluistaan.

Sentence 7

Marraskuussa 2018 Saksan, Romanian, Yhdistyneen kuningaskunnan ja Unkarin kesken perustettiin
yhteinen tutkintaryhma, johon tulivat mukaan Eurojust, joka tukee taloudellisesti ja logistisesti, ja
Europol.

Sentence 8

Yhteinen tutkintaryhma oli ratkaisevassa asemassa tutkinnan ja toimintapaivan onnistumisen
kannalta.

Sentence 13

Poliisi takavarikoi 14 matkapuhelinta, 2 tietokonetta, pankkitiliasiakirjoja ja eri henkilotodistuksia.

Sentence 14

Tahan liittyvissa oikeudenkdynneissa Saksassa tuomittiin nelja kuljettajaa, tuomioiden kesto vaihteli
vuodesta ja kahdeksasta kuukaudesta viiteen vuoteen ja kolmeen kuukauteen.

Sentence 15

Erasta kuljettajaa vastaan on vireilld oikeudenkaynti Unkarissa.

Sentence 16

Saksan ja Yhdistyneen kuningaskunnan poliisi pidatti padjarjestdjan Lontoossa aiemmin tana vuonna
sakasalaisen eurooppalaisen pidatysmaarayksen perusteella.
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Appendix 5. Post-edited sentences of Tr2

Sentence 4
Saksan, Romanian, Unkarin, Yhdistyneen kuningaskunnan ja Turkin kansalliset viranomaiset tutkivat
perusteellisesti 36 syytetyn toimia, joissa oli salakuljetettu vahintaan 580 siirtolaista ja ansaittu yli 2

miljoonaa euroa.

Sentence 7

Marraskuussa 2018 Saksa, Romania, Yhdistynyt kuningaskunta ja Unkari perustivat yhteisen
tutkintaryhmaén (JIT), jota Eurojust ja Europol tukevat taloudellisesti ja logistisesti.

Sentence 8

Yhteinen tutkintaryhma oli ratkaisevassa asemassa tutkinnan ja pidatystoimien onnistumisen
kannalta.

Sentence 13

Poliisi takavarikoi 14 matkapuhelinta, 2 tietokonetta, pankkitiliasiakirjoja ja erilaisia
henkilbasiakirjoja.

Sentence 14

Asiaan liittyvissa oikeudenkdynneissa Saksassa neljalle kuljettajalle annettiin tuomiot, joiden kestot
vaihtelivat vuodesta ja kahdeksasta kuukaudesta viiteen vuoteen ja kolmeen kuukauteen.

Sentence 15

Yksi kuljettaja odottaa oikeudenkayntia Unkarissa.

Sentence 16

Saksan ja Yhdistyneen kuningaskunnan poliisit pidattivat salakuljetusten paajarjestajan Lontoossa
aiemmin tana vuonna Saksassa vahvistetun eurooppalaisen pidatysmaardyksen nojalla.
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Appendix 6. Post-edited sentences of Tr3

Sentence 4
Saksan, Romanian, Unkarin, Yhdistyneen kuningaskunnan ja Turkin kansalliset viranomaiset
tarkastelivat 36 ihmisen toimintaa. Heita syytettiin vahintdaan 580 siirtolaisen salakuljetuksesta, josta

he olivat ansainneet yli 2 miljoonaa euroa.

Sentence 7

Marraskuussa 2018 Saksaan, Romaniaan, Yhdistyneeseen kuningaskuntaan ja Unkariin perustettiin
Eurojustin ja ja Europolin kanssa yhteinen tutkintaryhma (JIT) Eurojustin taloudellisella ja logistisella
tuella.

Sentence 8

Yhteinen tutkintaryhma oli ratkaisevassa asemassa tutkinnan ja paljastusiskun onnistumisen
kannalta.

Sentence 13

Poliisi takavarikoi 14 matkapuhelinta, kaksi tietokonetta, pankkitilitietoja ja erilaisia henkilopapereita.

Sentence 14

Asiaa koskevissa oikeudenkaynneissa Saksassa neljille kuljettajalle langetettiin tuomioita, joiden
kesto vaihteli vuodesta ja kahdeksasta kuukaudesta viiteen vuoteen ja kolmeen kuukauteen.

Sentence 15

Yksi kuljettaja odottaa oikeudenkayntia Unkarissa.

Sentence 16

Saksan ja Yhdistyneen kuningaskunnan poliisi pidatti paajarjestajan Lontoossa aiemmin tana vuonna
saksalaisella eurooppalaisella pidatysmaarayksella.
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Appendix 7. Post-edited sentences of Tr4

Sentence 4

Saksan, Romanian, Unkarin, Iso-Britannian ja Turkin kansalliset viranomaiset seurasivat 36 ihmisen
toimia, joita syytettiin vahintaan 580 siirtolaisen salakuljetuksesta. Syytetyt ansaitsivat yli 2 miljoonaa
euroa palveluistaan.

Sentence 7

Marraskuussa 2018 Saksan, Romanian, Iso-Britannian ja Unkarin kesken perustettiin yhteinen
tutkintaryhma, jota Eurojust ja Europol tukevat taloudellisesti ja logistisesti.

Sentence 8

Yhteinen tutkintaryhma oli ratkaisevassa asemassa tutkinnan ja toimintapdivan onnistumisen
kannalta.

Sentence 13

Poliisi takavarikoi 14 matkapuhelinta, 2 tietokonetta, pankkitiliasiakirjoja ja erilaisia tunnistetietoja.

Sentence 14

Toisiinsa liittyvissa oikeudenkdynneissa Saksassa tuomittiin nelja kuljettajaa rangaistuksiin, joiden
kesto vaihteli vuodesta ja kahdeksasta kuukaudesta viiteen vuoteen ja kolmeen kuukauteen.

Sentence 15

Yksi kuljettaja odottaa oikeudenkayntia Unkarissa.

Sentence 16

Saksan ja Iso-Britannian poliisi pidatti aiemmin tdna vuonna padorganisaattorin Lontoossa Saksan
eurooppalaisen pidatysmaarayksen perusteella.
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Appendix 8. Post-edited sentences of Tr5

Sentence 4

Saksan, Romanian, Unkarin, Yhdistyneen kuningaskunnan ja Turkin kansalliset viranomaiset
selvittivat yhteensa kolmenkymmenenkuuden salakuljetuksesta syytetyn henkilon toimia. Henkiloita
syytettiin ainakin 580 siirtolaisen salakuljetuksesta, mista he olisivat hyétyneet taloudellisesti yli 2
miljoonaa euroa.

Sentence 7

Marraskuussa 2018 Saksan, Romanian, Yhdistyneen kuningaskunnan ja Unkarin virnomaiset
perustivat yhteisen tutkintaryhman, jota Eurojust ja Europol tukivat taloudellisesti ja logistisesti.

Sentence 8
Yhteinen tutkintaryhma oli ratkaisevassa roolissa tutkinnan ja iskun onnistumisen kannalta.

Sentence 13

Poliisi takavarikoi 14 matkapuhelinta, kaksi tietokonetta, pankkitilitietoja ja erilaisia tunnistetietoja.

Sentence 14

Saksassa annettiin iskuun liittyvissa oikeudenkdynneissa tuomio neljalle kuljettajalle. Lyhin
tuomioista oli 1 vuoden ja 8 kuukauden vankeusaika ja pisin 5 vuotta ja 3 kuukautta.

Sentence 15

Myds Unkarissa on meneilladn yhden kuljettajan oikeudenkaynti.

Sentence 16

Saksan ja Yhdistyneen kuningaskunnan poliisi pidatti salakuljetusringin johtajan Lontoossa aiemmin
tana vuonna Saksan eurooppalaisen pidatysmaarayksen perusteella.
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Appendix 9. Finnish summary

Johdanto

Téssd tutkimuksessa késitelldén jélkieditoinnin roolia kddntdmisen alalla ja kd&ntdmisen
prosessiin liittyvid kognitiivisia haasteita. Tutkimuksessa kdytetddn kahta menetelma,
valintaverkkoanalyysid (Choice Network Analysis) ja prosessianalyysityokalua Translog-II,
ndiden kognitiivisten haasteiden tutkimiseen. Valintaverkkoanalyysi -menetelmalld
tunnistetaan ne kohdat, jotka aiheuttavat kognitiivisia vaikeuksia kadantdjille laskemalla,
kuinka monta erilaista kddnnosté on tehty, kun taas Translog-II-ohjelmalla kirjataan
néppéinpainallukset ja kdytetty aika kognitiivisten haasteiden ymmaértamiseksi. Téssa
tutkimuksessa sivuutetaan myds jonkin verran jilkieditoinnin haasteellisuuteen vaikuttavia

tekijoitd, kuten kddntdjan kokemus ja konekdidnndsjirjestelmien tuntemus.

Tamén tutkimuksen tavoitteena on selvittdd, miten kognitiiviset haasteet ilmenevit kahdella
eri menetelmaélla: valintaverkkoanalyysillé ja Translog-II:1la. Tutkimuksessa vertaillaan
valintaverkkoanalyysin ja Translog-II:n tuloksia paidtoksentekomallien ja kognitiivisten
prosessien tutkimiseksi jélkieditoinnin aikana ja sen jélkeen. Pidemmait jilkieditointiajat ja
useat erilaiset jdlkieditoinnit viittaavat korkeampaan haasteellisuuteen, ja lyhyemmait ajat seka
viahemman erilaisia jilkieditointeja viittaavat suoraviivaisempaan prosessiin. Tutkimuksen
tavoitteena on vertailla kahta menetelmaa kognitiivisen haasteellisuuden perusteella sekd
jalkieditointiin kuluvan ajan mukaan. Lisdksi kdiymme ldpi ndiden kahden menetelmén vilisid

eroavaisuuksia ja niiden vaikutuksia.
Taustakirjallisuus

Téssé osiossa esitetddn yleiskatsaus kddnndstutkimuksen alan olennaisiin tutkimusaiheisiin ja
tarjotaan perustietoa ja tutkimustaustaa myohempdid kognitiivisten haasteiden ja
paétoksenteon tarkastelua varten jélkieditointiprosessissa. Kdymme lipi
neuroverkkokonekddntimen (Neural machine translation) ja sen vaikutusta kd&dnndsten
laatuun, valintaverkkoanalyysin menetelméni, jolla voidaan tutkia kognitiivista haastavuutta
kadnnostoissd, sekd jalkieditoinnin merkitysté ja sen vaikutuksia kdénnostuloksiin ja

kognitiiviseen rasitukseen.

Konekiintdmisen, erityisesti neuroverkkokonekiéntdmisen, nopea kasvu on heréttinyt paljon

huomiota maailmalla. Neuroverkkokonekdéntiminen on osoittanut ylivoimaista
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suorituskykya verrattuna muihin konekdinndsjarjestelmiin. Keskustelua kiydéaan kuitenkin
jatkuvasti konekddntimien kdanndsten laadusta, ja tietyt kielet, kuten esimerkiksi suomen
kieli, ovat edelleen haasteellisia neuroverkkokonekéintimelle. Viimeaikaisissa tutkimuksissa
on tutkittu neuroverkkokonekéénndsten laatua suomenkielisissd kddnnoksissa ja pyritty
parantamaan kddnngsten laatua sekd vihentimaén niiden virheitd ja néissd onkin jo todettu

parannusta.

Kainndsprosessin tutkimiseen kdytetdéin Stuart Campbellin ehdottamaa valintaverkkoanalyysi
-menetelmdd. Valintaverkkoanalyysilld verrataan eri kddntdjien tekemid saman sanan tai
lausekkeiden useita eri kddnnoksid kognitiivisen vaikeuden tunnistamiseksi.
Valintaverkkoanalyysin tulosten tulkinnasta on kuitenkin kayty keskustelua, ja jotkut tutkijat
kyseenalaistavat sen, osoittaako suuri maira kdannoksia todella kognitiivista haastetta vai

heijastaako se pikemminkin kéantdjan yksilollistd luovuutta.

Jélkieditoinnilla on kaksi padasiallista tarkoitusta: konekéannosten virheiden korjaaminen ja
kddntdjien tuottavuuden lisddminen. Tutkimuksissa on keskitytty jélkieditointivirheisiin,
jélkieditoinnin tuottavuuteen ja kognitiiviseen rasitukseen jdlkieditointiprosessin aikana.
Tutkijat ovat kéyttineet ddneenajattelututkimuksia (Think-aloud-protocols) ja
katseenseurantaa (Eye-tracking) tutkiakseen kognitiivisia vaikeuksia jalkieditoinnissa.
”Luovan vapauden" kdsite jdlkieditoinnin aikana saattaa selittdd kognitiivisen rasituksen
vaihtelua, silloin kun kéantéjat kdyttdvit omaa harkintaansa saavuttaakseen haluamansa

kaannostulokset.
Tutkimuksen toteutus

Tassd luvussa kuvataan kattavasti tissd tutkimuksessa kiytetyt aineistot ja menetelmat. Aluksi
kuvataan yksityiskohtaisesti aineistonkeruumenetelmié, jotka toteutettiin pddasiassa Suomen
kdantdjien ja tulkkien liiton (SKTL) jdsenille marraskuussa 2019 jirjestetyn
konekaintijakoulutustilaisuuden aikana. Tdmén kiytetyn tiedonkeruumenetelmén keskeisend

osana toimi Translog-II.

Translog-II on tietokonepohjainen nippéinpainallusten tallennusohjelma, joka on téssi
tutkimuksessa ensisijainen tiedonkeruuvéline. Tdma ohjelma tallentaa ndppaimisto- ja
hiiritoiminnot hdiritsemattd kadnndsprosessia. Se tarjoaa tutkijoille yksityiskohtaisemman
nidkymin kdannodsprosessista, kun mité voitaisiin saada pelkistidin lopullisista kdénnetyista

tekstitiedostoista. Ohjelmassa on kaksi keskeistd sovellusta: Translog-II Supervisor, joka
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ohjaa varsinaisia kdanndsprojekteja, ja Translog-1I User, jota kdantdjat kayttavit, tosin tima ei
ollut timén tutkimuksen kannalta olennaista. Translog-II-dataa tutkittiin siis perusteellisesti

Translog-II Supervisor -tilassa.

Translog-II-tietojen lisdksi osallistujille annettiin taytettdvéksi taustakyselylomake tietojen
kerddmiseksi. Lomakkeessa esitettiin kysymyksid idstd, sukupuolesta, didinkielesté, englannin
ja suomen kielen taidosta (jos ne eivit ole didinkielid), koulutustasosta, opituista kielista,
tyokokemuksesta sekd kokemuksesta konekdédnndsten jilkieditoinnissa. Kyselylomakkeet
kirjoitettiin kdsin suomeksi ja muutettiin my6hemmin PDF-tiedostoiksi sen jilkeen, kun

osallistujat olivat tdyttineet ne.

Aineisto kerittiin viiden ammattikdintdjan ryhmaltd. Nama kééntdjit ovat tutkimuksessa
nimettomia ja heistd kdytetddn nimityksid Trl, Tr2, Tr3, Tr4 ja Tr5. Vaikka osallistujissa on
eroavaisuutta iéin perusteella, heilld on samankaltaisia piirteitd koulutuksen ja kielitaidon
suhteen. Kaikki osallistujat ovat naisia ja heilld on maisterin tutkinto kielista tai
kddntdmisestd, ja he ovat erikoistuneet piddasiassa kdintdmiseen ranskasta suomeen. Heilld on
my0s kokemusta kddntdmisestd suomesta ranskaan ja vihintddn yhdestd muusta kielesta.
Tyokokemus vaihtelee odotetusti ién perusteella, ja suurin osa on tydskennellyt

kokopdiviisesti kddntdjind vahintdan 20 vuotta.

Téssé osiossa tutustutaan tutkimuksen aineistoon. Aineisto koostuu péddasiassa Translog-1I:n
avulla saaduista jalkieditointiprosessin tiedoista, kuten ajasta, sekd jalkieditoiduista lauseista.
Konekaintdmistd harjoiteltiin yhden tapaamisen aikana, jonka jdlkeen kddntdjdt kokeilivat
jélkieditointia lyhyeen englanninkieliseen uutisartikkeliin kansainvilisen
salakuljetusverkoston lopettamisesta, joka kddnnettiin suomeksi Euroopan komission
neuroverkkokonekdidnndsjérjestelmén eTranslationin avulla. Tutkimuksessa korostetaan
kansainvilisessd ISO/DIS 18587:2016 standardissa méadriteltyd "kevyttd" jélkieditointia,
johon kuuluu konekédntdmisen maksimaalinen hyddyntdminen samalla kun varmistetaan

lopullisen suomenkielisen kdénnoksen tarkkuus.

Lisdksi luvussa annetaan yksityiskohtainen esimerkki Translog-II-tietojen tallennusprosessista
ja selvitetddn, miten tdmi ohjelma seuraa néppiinten painalluksia, hiiren napsautuksia ja
taukoja kddnnosprosessin aikana. Ndma tallenteet auttavat ymmartdméain kéantdjén toimintaa

jélkieditoinnin aikana.
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Tadmin tutkimuksen erikoinen piirre on laajempien tekstinpétkien analysointi, jossa
kasitelldén suomen kielen erityistd morfologiaa. My0s erityyppiset muutokset, kuten
sanamuodon muutokset, sanojen korvaaminen, lisdykset, poistot ja sanajirjestysmuutokset, on

luokiteltu.

Lopuksi luvussa selitetddin menetelma, jolla tauot tunnistetaan jilkieditoinnin aikana. Siina
madritellddn tekstin tuottamisen yksikot jatkuviksi kirjoitustapahtumiksi, joiden vilissi on
viahintddn sekunnin pituisia taukoja. Tétd menetelmdi tdydennetién sisdllyttdmalla mukaan
kursorin liikkeet, kuten hiiren napsautukset ja toimintondppédimet. Perdkkaisten muokkausten
vilisid aikavileja tarkastellaan my6s kognitiivisen haasteellisuuden mittaamiseksi. Viimeinen
osio antaa kuvan siitd, miten tutkimuksessa keréttiin ja analysoitiin aineistoa, ja siten luodaan

pohjaa myohemmille tutkimustuloksille ja keskusteluille.
Tulokset

Tuloksissa vertaillaan kahta kdytettyd menetelméda, valintaverkkoanalyysia ja Translog-II-
analyysia, jotta voidaan tunnistaa kognitiivisesti haastavia kohtia ammattikééntijien
suorittamassa jdlkieditointiprosessissa. Tulokset paljastavat eroavaisuuksia ndiden kahden
menetelmén vililla eri sanojen ja eri lausekkeiden osalta. Esimerkiksi neljannessé lauseessa
valintaverkkoanalyysi luokitteli tietyt lauseet erittdin vaikeiksi, mutta Translog-1I-analyysi
osoitti ndissd olevan lyhyet jélkieditointiajat, miké viittaa vdhdisempiin kognitiivisiin
vaikeuksiin. Tutkimuksessa esitetddn samanlaisia eroja ja myds samankaltaisuuksia muissa
sanoissa ja lausekkeissa, mikd korostaa vaihtelua kognitiivisen haasteen arvioinnissa nididen

kahden menetelmén avulla.
Pohdinta

Lopuksi syvennytdén yksityiskohtaisempaan keskusteluun tutkimuksen tuloksista, joissa
verrataan kiytettyjd kahta menetelméd, valintaverkkoanalyysii ja prosessianalyysi tyokalu
Translog-1I, joita kaytettiin kognitiivisesti haasteellisten lausekkeiden ja sanojen
tunnistamiseen ammattikdintdjien suorittamissa jdlkieditointiprosesseissa. Tutkimuksessa
todetaan, ettd vaikka valintaverkkoanalyysin ja Translog-1I:n vililla oli joitakin
yhtdldisyyksid, kognitiivisen haasteellisuuden arvioinnissa havaittiin useimmissa tapauksissa
merkittdvid eroja. Tdma viittaa siihen, ettei valintaverkkoanalyysi ehkd anna johdonmukaista
kuvaa kognitiivisesta haasteellisuudesta. Tdma pétee erityisesti tapauksissa, joissa lauseeseen

tehddin useita jdlkieditointeja, mutta jélkieditointiin kaytetty aika on erittdin lyhyt. Taméa
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saattaa viitata siihen, ettd kdantéjét kdyttdvat luovuuttaan pikemminkin kuin kamppailevat

kognitiivisten haasteiden kanssa.

Téssd korostuu myds Translog-1I:n antamat lisdtiedot, erityisesti sen ymmartdmiseksi, kuinka
kauan tiettyjen lausekkeiden jdlkieditointi kestdd ja mitd toimia kééntdjat kayttivat
jélkieditoinnin aikana. Tutkimuksessa esitetddn myos tiettyjd rajoituksia kuten esimerkiksi se,
ettei kdytetty katseenseurantaa, jonka avulla olisi voitu tarkemmin maérittds, milloin
osallistujat aloittivat tai lopettivat jdlkieditoinnin, eikd myoskain kéytetty
aaneenajattelututkimuksia. Tarkasteluna siis on, mikd on pitké tai lyhyt jélkieditointiaika ja
kuinka moni kééntdja jilkieditoi saman kohdan eri tavalla, néin ollen tehden lausekkeesta tai
sanasta kognitiivisesti haastavan. Kdytettavé arviointi Translog-IL:11a, kéyttdd 15 sekunnin
aikavilejd aina puoleen minuuttiin asti ja siiti yli. Nama jilkieditointiajat luokitellaan
kolmeen ryhméén kuluneen ajan perusteella. Valintaverkkoanalyysilld kolme kategoriaa
perustuu siihen, oliko jdlkieditoijia kolme, neljd vai viisi. Tutkimuksessa pohditaan myds
16yhésti kysymyksid siitd, miten kdédntdjien kddnnoskokemus ja perehtyneisyys jilkieditointiin

mahdollisesti vaikuttavat jélkieditoinnin hyodyllisyyteen.

Kaiken kaikkiaan tdssi osiossa korostetaan kognitiivisten haasteiden arvioinnin
monimutkaisuutta ja vaihtelua jilkieditoinnin aikana ja lopuksi todetaan, ettd tarvitaan
kattavampia tietoja jdlkieditoinnin kognitiiviseen haasteellisuuden ja muiden tekijéiden

vaikutuksen tutkimiseksi.
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