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This paper presents the results of an experimental study that investigates the in-
fluence of cognitive effort on post-editing tasks from a relevance-theoretic per-
spective (Wilson 2011). Using two short scientific texts, we compare post-editing
processes in two different machine translation web-based workbenches, namely in-
teractive machine translation (IMT) and standard, non-interactive machine trans-
lation (MT). The relevance-theoretic concepts of conceptual and procedural encod-
ings (Wilson 2011) and the methodology developed by Alves & Gonçalves (2013) to
assess cognitive processes in the course of translation tasks are used as the frame-
work for data analysis. Sixteen professional translators performed interactive and
non-interactive post-editing tasks in random order, their processes were recorded
with the aid of a Tobii T60 eye tracker. Data were collected with the CASMACAT
workbench and results pointed to the following conclusions: (1) as it has been found
in human translation (Alves & Gonçalves 2013), the percentage of edits related to
procedural encoding is significantly higher than that related to conceptual encod-
ing; (2) interactive post-editing requires less cognitive effort, as shown by the av-
erage and median fixation duration which was statistically lower when using the
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interactive system. As a way of conclusion, the paper reflects on these results and
their implications for the development of interactivemachine translation platforms
for post-editing.

1 Introduction

It has been widely acknowledged that the aim of machine translation is to pro-
duce high-quality translation as well as speeding up translation tasks and en-
hancing the cost-effectiveness of this process. In order to meet the increasing de-
mand for translations, machine-translation technology has been largely adopted
by language service providers worldwide, although human translators are still
required to post-edit machine-translated outputs (De Almeida 2013: 17).

Actually, to achieve high-quality products, there is a need for professional
human interaction either before or after the machine has processed the data
(O’Brien 2004: 3). Intervention before the machine processes is called pre-editing
and it occurs at the source-language level. The main objective of pre-editing is to
reduce time and effort for post-editing by implementing a number of strategies
such as text manipulation. Intervention after the machine process is called post-
editing and it occurs at the target-language level to correct possible errors in the
MT output (Mesa-Lao 2013).

In general, post-editing (henceforth PEd, to be differentiated from the proce-
dural encoding acronym [PE] used throughout this paper) consists in correcting
or editing texts that have been translated from a source language into a target
language by a machine translation system. A useful definition can be found in
Somers (2001), who also comments on the value and importance of the PEd pro-
cess to achieve an understandable text from a machine translation output:

As automated translation still has many limitations even nowadays, the cor-
rections made by human linguists remain indispensable to make machine-
translated texts more understandable and accessible to readers. (Somers
2001: 138)

According to Krings, who introduces one of the most extensive works on PEd
research, “the question of post-editing effort is the key issue in the evaluation of
the practicality of machine translation systems” (Krings & Koby 2001: 178). He
proposes that PEd effort can be measured on three levels: temporal, technical
and cognitive. Temporal effort refers to the time taken to post-edit a particular
text; technical effort refers to deletions, insertions and text re-ordering; cognitive
effort deals with the extent and type of cognitive processes that the translator
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needs to apply on a machine translation output, i.e., the amount of effort ex-
pended in a PEd task (O’Brien 2006). In this work we focus our attention on the
third level proposed by Krings, that is, cognitive effort, seen from a relevance-
theoretic perspective (Sperber & Wilson 1986), wherein the concepts of concep-
tual, procedural and hybrid encodings underpin the framework for data analysis.
These concepts will be further explored in the next section.

Relevance Theory (RT henceforth) postulates that human cognition is guided
by relevance, i.e., essentially seeking information that is relevant for obtaining
as many cognitive effects as possible. In other words, RT is based on the premise
that our cognition seeks to achieve the greatest cognitive effects with the mini-
mum necessary processing effort. According toWilson (2011: 72), the human cog-
nitive system tends to “follow a path of least effort in looking for implications;
test interpretations in order of accessibility, and stop when your expectations of
relevance are satisfied”.

In this sense, post-editing tasks seem to fit RT assumptions since, according to
Loffler-Laurian (1984; 1996), one of the main characteristics of PEd would be the
quicker turnaround (in comparison to human translation from scratch), and its
focus on corrections that are essential and relevant. In accordance with Loffler-
Laurian’s work, in the past few years there has been increasing evidence for
productivity gains when professional translators have post-editedmachine trans-
lation output. Empirical research has demonstrated that PEd can lead to higher
productivity. A significant number of studies have compared PEd against trans-
lation from scratch. Results from these studies indicate that PEd processes can be
very efficient, showing productivity gains of 80% (Plitt & Masselot 2010; Skadiņš
et al. 2011; Pouliquen, Mazenc & Iorio 2011; Federico, Cattelan & Trombetti 2012).

Even with the significant research about the process of post-editing tasks – e.g.
Guerberof Arenas (2012), O’Brien (2006), Fiederer & O’Brien (2009), Depraetere
(2010), Plitt &Masselot (2010), De Sousa, Aziz & Specia (2011), Specia et al. (2009),
Specia (2011) – there is more to know about its usefulness and the influence on
the translators’ decision-making processes.

Considering these studies, this paper aims at contributing to PEd research by
investigating processing effort, drawing on the concepts of conceptual, proce-
dural and hybrid encodings over two post-editing tasks performed with the aid
of the CASMACAT workbench, a statistical machine translation system, used in
conjunction with a Tobii T60 eye tracker.

To that end, this article is divided into five sections, including this Introduc-
tion. In §2, we outline the theoretical underpinnings, with special attention dedi-
cated to the concepts of conceptual, procedural and hybrid encodings (Moeschler
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1998; Wilson 2011; Alves & Gonçalves 2013). In §3, we discuss our methodolog-
ical framework. In §4, we turn to the statistical analysis, explaining the main
distinction between effort spent on interactive and non-interactive post-editing
tasks. Finally, we end the article with discussions and concluding remarks in §5.

2 Theoretical underpinnings

This section describes and discusses some concepts from RelevanceTheory (Sper-
ber & Wilson 1986) and their application to the problems concerning cognitive
effort in post-editing experimental tasks.

Sperber and Wilson’s Relevance: communication and cognition (1986/1995) out-
lines a very productive and powerful framework for describing and explaining
human communicative interactions from two important scientific domains: prag-
matics and cognitive studies. While postulating the principle of relevance, the
authors introduced a consistent way of integrating these two domains and shed
new light on issues concerning language processing as the core of human commu-
nicative interactions. They revisited and reformulated key concepts such as con-
text, mutual knowledge, cooperation, code, inference, and representation, among
others, into a very coherent and parsimonious framework.

In this section, we will present some concepts from RelevanceTheory required
to develop the analyses and discussions on the problems we have focused on.

2.1 The principle of relevance

RT postulates its principle as a mechanism that produces a balance between pro-
cessing effort and cognitive effects: “[…] in any given inferential process, the
human being’s cognitive environment searches for the generation of the maxi-
mum cognitive effects possible while spending the minimum processing effort
necessary to achieve this end” (Alves & Gonçalves 2013: 109). Therefore, the prin-
ciple of relevance regulates effort and effect relations in inferential processing in
order to enhance human beings’ cognitive environments. Thus, this guarantees
one’s cognitive adaptation to one’s physical and social environments. In short,
it is a kind of economic and adaptive principle.

For instance, if a piece of inferential processing demands too much effort, and
in turn gives insufficient or very few relevant results (or cognitive effects), it will
probably be interrupted or even abandoned, i.e., the person will tend to give up
going ahead with that specific piece of processing. On the other hand, if inferen-
tial processing tends to achieve many effects, the human cognitive system will
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indicate when the quantity and quality of those effects are enough/adequate, de-
termining that it has reached optimal relevance, which is a kind of cognitive “sat-
isfaction”. Therefore, this principle prevents the cognitive system from spending
unproductive or unnecessary processing effort.

More specifically, RT accounts for the unfolding of human inferential pro-
cesses through the following sequence:

processing effort →
[ostensive-inferential behaviour + (cognitive environment + mutual
manifestness)]
→ cognitive effects

Figure 1: The relevance-theoretic comprehension procedure (Adapted from Alves &
Gonçalves 2003: 6)

Figure 1 schematically summarizes which aspects are required for a certain
amount of processing effort to generate a number of cognitive effects. When-
ever the ostensive-inferential condition is achieved, inferential communication
is about to take place, that is to say, when two interacting individuals (a commu-
nicator and a hearer) share a certain level of cognitive representations (i.e., when
they reach some level of mutual manifestness) in their cognitive environments,
they are ready to communicate. A communicative process is expected to generate
as many cognitive effects as possible in the hearer’s cognitive environment. This
presumption of relevance (generating the maximum of effects possible with the
minimum of effort necessary) is another requirement for communication to take
place. Therefore, in ostensive-inferential communication, humans try to avoid
unnecessary processing effort when there is no benefit in terms of cognitive ef-
fects.

Next, we will discuss how this principle can be productive for translation-
related issues.

2.2 Interpretive resemblance

When applied to translation, the principle of relevance is expanded to take into
account the concept of interpretive resemblance. This concept has been devel-
oped in the RT framework from the notion of interpretive use of mental represen-
tations, a second-order level of representations, as opposed to descriptive use of
mental representations, a first-order level of representations. In short, descriptive
use establishes a correlation between real or fictional world phenomena/objects
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and mental representations, while interpretive use correlates pairs of mental rep-
resentations.

For instance, when someone says

(1) Mary is coming to the party.

the hearer in this situation will build up in her cognitive environment a rep-
resentation of an event or state of affairs in the real world or in an imaginary
world. In this example, there is a case of descriptive use of language, connecting
a mental representation to an event (whether real or not).

On the other hand, if someone says

(2) I don’t believe Mary is coming to the party.

the hearer, in this second situation, will have not only to represent a state of
affairs or event from the external world in her cognitive environment, but also
that it is represented as not true in the speaker’s cognitive environment. Here,
there is a case of interpretive use, i.e., the hearer creates a second order mental
representation aiming at resembling the speaker’s mental representation behind
that utterance.

Building on this notion of interpretive use, Gutt (1991) defined translation as the
search for interpretive resemblance between corresponding utterances, one in the
source language and the other in the target language. Gonçalves (2003) expanded
the focus of that definition, applying it to the concept of translation unit (TU) as
the entity to be individually interpreted, transferred and compared in the course
of the translation process. According to Gonçalves (2003), this process is aimed
at maximizing interpretive resemblance between a source-text translation unit
and its target-text counterpart. This interpretive resemblance, in line with the
principle of relevance, determines that the production of contextual or cognitive
effects from the interpretation of the source-text translation unit should overlap,
as much as possible, with those effects found in the production/interpretation
of the counterpart target-text translation unit. The effects from both source and
target language TUs are represented by the respective sets of explicatures (the
explicit semantic content of a linguistic input) and implicatures (the less explicit
and progressively implicit content, i.e., the inferred implications of that input).

To build up interpretive resemblance in translation, the translator is expected to
meta-represent his/her audience’s cognitive environment. Meta-representations
are higher order representations that allow the communicator, among other things,
to simulate mentally his/her audience’s inferential context (as well as that of
the source text author and source text audience) in order to achieve the most
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adequate cognitive effects through the production of appropriate stimuli in the
target language.

In the process of post-editing, post-editors are guided by the meta-representa-
tion that the final product has to be good enough for the purposes agreed upon
with the client (either a fast, light or a full, human-quality post-edited transla-
tion) necessarily spending less time than translating from scratch (cf. Carl et al.
2011; Sanchis-Trilles et al. 2014). As it will be discussed in §2.4, it is very impor-
tant that post-editors bear in mind the crucial relation between time (effort) and
quality (effects) for the success of post-editing tasks, reducing time (and eventu-
ally processing effort) to a minimum possible and increasing quality (related to
cognitive/contextual effects) to the maximum required for the PEd modality in
focus or almost as good as a human professional translation.

Therefore, especially in fast, light PEd, translation acceptability by the target
audience will be more flexible. Considering that one of the goals in PEd in this
modality is to achieve a good enough target text in the shortest time possible,
processing effort commonly spent on stylistic refining will tend to be avoided or
reduced to a minimum since the main goal in that particular task modality is, in
most cases, to offer, as soon as possible, a reasonably understandable product to
its audience.

While translating from scratch, translators tend to generate a number of impli-
catures for a certain problematic translation unit. As Alves & Gonçalves (2007)
pointed out, the more expert the translator is, the greater the number of impli-
catures s/he will be able to generate for a problematic unit in order to choose
the one that will best suit a relevance-oriented processing in his/her audience’s
cognitive environment – a textual input that may generate the maximum (and
the most precise) cognitive effects possible with the minimum processing effort
necessary to accomplish the task.

In PEd, however, due to higher time pressure demands, the translator/post-
editor is expected to save time and cognitive effort as the machine translation
(MT) system generates a first version of the target text. Thus, still following
the principle of relevance, s/he will try to find a good enough solution (always
considering the modality of PEd agreed upon for the task – fast or full), calcu-
lating its effects on the audience’s cognitive environment and, then, accepting
integrally or partially the raw MT output. More specifically, while post-editing
a machine translation output with the help of an interactive system (IMT), the
post-editor will be offered some optional solutions for a specific problem in case
he decides to change something in a translation unit. These solutions offered
by the IMT system will change the post-editors’ reading purpose since, from an
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initial change, all the rest of the output is automatically changed, leaving to the
post-editor the decision of either reading for revision or for post-editing.

In this regard, Lykke Jakobsen & Jensen (2008) investigated the effects of the
type of task (reading for understanding, for translating, for sight translation, and
for written translation) on eye movements and concluded that the reading pur-
pose had a clear effect on eye movements and on gaze time. Thereby, interactive
systems are expected to show an effect on eye movements related to post-editing
processes by reducing the cognitive processing effort demanded during the out-
put revision, as it will be postulated in one of our hypotheses and discussed in
§4.

2.3 Conceptual and procedural encodings

As we have shown in the preceding subsections, the main focus of RT is on infer-
ential processes, as they are decisive for an individual’s cognitive improvement
and adaptation to his/her physical and social environment. However, some stud-
ies building on RT (e.g. Moeschler 1998; Blakemore 2002; Wilson 2011; Alves &
Gonçalves 2003; 2013) have focused on encoding/decoding as the initial, trigger-
ing (and therefore essential) stage of the cognitive processing for verbal com-
munication. Moeschler (1998) postulates the distinction between conceptual and
procedural encodings.

In Relevance Theory, a major distinction is made between two types of lin-
guistically encoded information: conceptual information and procedural infor-
mation (Wilson & Sperber 1993). The conceptual/procedural distinction is moti-
vated both linguistically and cognitively.

1. Conceptual information ismainly encodedwithin lexical categories (Noun,
Verb, Adjective), that is, categories which define open lexical classes. Pro-
cedural information is encoded within non-lexical categories (negation,
tenses, determiners, connectives, certain adverbials), that is, categories
which define non-open morphological classes. Thus the conceptual/pro-
cedural distinction covers mainly the distinction between lexical and non-
lexical categories.

2. The cognitive motivation for the procedural/conceptual distinction is the
following: conceptual information is information through which mental
representations are accessible, whereas procedural information encodes
instructions relative to how mental representations must be processed.
(Moeschler 1998: 1)
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On the one hand, as conceptual encodings refer to, say, more concrete entities,
with extra-linguistic references, as nouns, adjectives, verbs, mainly, they are sub-
ject to conscious access. On the other hand, procedural encodings, encompassing
morph-syntactical rules and restrictions on language structure, are not usually
amenable to conscious processing, except indirectly, through meta-cognitive re-
flection.

As Alves, Gonçalves & Szpak (2014) explain, the function of conceptual ex-
pressions (i.e., open lexical categories, such as nouns, adjectives and verbs) is to
convey conceptual meaning which is propositionally extendable and contributes
to expanding the inferential processing of an utterance whereas the function
of procedural expressions is to activate domain-specific cognitive procedures
(i.e., morph-syntactic constraints in utterance processing) and contributes to con-
straining the inferential processing of these same utterances. Relevance Theory
assumes that the conceptual-procedural distinction guides inferential process-
ing. (Alves, Gonçalves & Szpak 2014: 155)

Besides conceptual and procedural encodings, Alves & Gonçalves (2013), draw-
ing on Wilson’s (2011) arguments, postulated a third category of encoding for a
lexical item – the hybrid encoders (HE). This third category is found in lexical
items including both encoding functions, which encompass most words since
exclusively conceptually encoded items are rather the exception than the rule in
terms of linguistic encoding.

The studies of Alves (2007) and Alves & Gonçalves (2003) have corroborated
the principle of relevance while showing a relation between processing effort
and cognitive effects in translation. The authors have also shown that there
is an important distinction between the role of conceptual and procedural en-
codings. However, those were small-scale studies and only offered qualitative
results. Alves & Gonçalves (2013) used a larger sample to build on the previ-
ous relevance-theoretic findings and corroborated them by means of statistical
analyses. Using key-logged data to map instances of conceptual and procedural
encodings onto micro/macro translation units (Alves & Vale 2009; 2011), Alves &
Gonçalves (2013) concluded from their results that problems related to procedural
encodings demand more processing effort both in direct and inverse translation
tasks.

2.4 Post-editing, relevance and encoding

As we mentioned above, post-editing aims at offering an acceptable and intel-
ligible target text for a certain audience in a specific context within a signifi-
cantly shorter period of time than that spent in a human translation. And as in
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any translation process, the aim is maximizing interpretive resemblance between
source and target texts. Thus, in PEd as well, a post-editor seeks for a product (a
post-edited target text) that will optimally resemble the source text, or that will
resemble it in relevant aspects.

In this respect, depending on the type of post-editing agreed between client
and translator, therewill bemore or less acceptability and tolerance forminor for-
mal and stylistic inaccuracies in the post-edited text. In RelevanceTheory terms,
the target text receptor will be more inclined and ready to overcome some small
imperfections, accepting a certain increase in the processing effort to achieve the
cognitive effects that will lead him/her to optimal interpretive resemblance. In
this case, the reader accepts that a post-edited product demands slightly more
effort to be processed but supposedly results in the expected (and approximately
the same amount of) effects as in human translation – reader and client accept
this state of affairs since the deadline is usually much shorter and the cost signifi-
cantly cheaper. Therefore, in PEd “the demand of faster and cheaper translations
increases” (Aziz, Koponen & Specia 2014: 171). It is important to highlight that,
according to the principle of relevance, there are limits for this acceptability – the
cognitive effort demanded from the audience may not surpass a certain limit and
the effects are expected to optimally (or minimally in relevant aspects) resemble
those in the source text.

Taking into account Alves & Gonçalves (2013) results, that procedural encod-
ing (PE) edits are more prevalent than conceptual encoding (CE) edits in human
translation, and that machine translation systems have been developed to facili-
tate human translation tasks, it is important to ask if this prevalence will be kept
or modified in PEd.

Some highly optimistic approaches to PEd say so. Green, Heer & Manning
(2013), for instance, report that the use of basic post-editing tools by bilingual
human translators improves translation quality in comparison to texts produced
by bilingual human translators working without the assistance from machine
translation and post-editing tools. Some sophisticated interactive interfaces, like
translation memories (TM), machine translation (MT), computer-assisted MT,
statistical MT (SMT), interactive translation prediction (ITP) approach (Langlais
& Lapalme 2002; Casacuberta et al. 2009; Barrachina et al. 2009), online learning
approach (Ortiz-Martınez et al. 2012), active learning approach (González-Rubio
& Casacuberta 2014), and multitask learning approach (de Souza et al. 2014),
may also provide benefit, especially with regard to post-editors’ productivity,
i.e., reduction of time, cost and processing effort.
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2.5 Hypotheses

1. In the IMT condition, there will be fewer instances of editing events (to-
tal, CE, PE) than in the MT condition, since the interactive system is ex-
pected to provide more optional and possibly better solutions as soon as
the post-editor starts editing a certain unit, thus preventing him/her from
proceeding with that specific piece of editing.

2. As in Alves & Gonçalves (2013), there will be more instances of procedural
than conceptual related edits in PEd, both in the MT and the IMT condi-
tion. We expect that machine translation will more likely solve and/or re-
duce problems related to conceptual than to procedural encodings, leaving
procedural related problems to be solved by post-editing procedures.

3. In the IMT condition, the average and median duration of an eye-fixation
will be shorter than in the MT condition, since the interactive system is
expected to reduce processing effort compared to the non-interactive sys-
tem. Drawing on Lykke Jakobsen & Jensen (2008), we expect that in IMT
there will be more reading for checking and revising than for writing and
editing, which is more frequent in MT.

4. Considering PE andCE edits, as interactivemachine translation is expected
to reduce cognitive effort, the average fixation duration per edit (CE and
PE) will be shorter in the IMT condition than in the MT condition.

Based on these hypotheses, the main goal of this paper is to investigate the
impact of conceptual, procedural and hybrid encoding edits over the cognitive
effort patterns observed in the interactive and non-interactive post-editing pro-
cesses by Brazilian professional translators in the English-Portuguese language
pair.

3 Methodological framework

This section is divided into two subsections. First, we introduce the experimental
design; secondly, we present the methodology for data analysis, giving special
attention to the procedures for annotating post-editing process data.

3.1 Experimental design

Sixteen Brazilian translators, with at least five years of professional experience,
were asked to post-edit, into Brazilian Portuguese (L1), two source texts in En-
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glish (L2) about the clinical results of two different pharmacological products,
Hycamtin and Protaphane (see Appendix). Before starting the task, participants
were instructed through a brief with a detailed description on the procedures.

Data were collected using the CASMACAT workbench (Cognitive Analysis
and Statistical Methods for Advanced Computer Aided Translation), a statistical
machine translation (SMT) system developed by the CASMACAT project team,
in conjunction with a Tobii T60 eye tracker, at the Laboratory for Experimenta-
tion in Translation (LETRA) in Brazil. In order to remove the effects of partici-
pants’ heterogeneity, a randomized block design, in which the plots form a set
of eight replicated 2x2 Latin squares, was used. Thereby, source texts were post-
edited in a random order, as well as the type of workbench configuration, non-
interactive machine translation (MT) or interactive machine translation (IMT).

According to Alabau et al. (2013), in the IMT approach, a fully-fledged machine
translation engine is embedded into a post-editing workbench allowing the sys-
tem to look for alternative translations whenever the human translator corrects
the output offered by the SMT.

For a given source sentence, the SMT system automatically generates an initial
translation that is checked and edited by the participant. The SMT system then
proposes a new completion taking into account the corrections. These steps are
repeated until the whole input sentence has been correctly translated. In this
way, the system produces a suitable prediction according to the text that the
participant is writing. Figure 2 shows the IMT workbench in which the grey
colour represents the suitable prediction, the red dots indicate eye movement
paths, the acronym ITP (Interactive Translation Prediction) identifies the type
of workbench and T→ (Start Translating) shows the target text in the selected
language of interest. The user can also assign a different status to a segment,
for instance, ”TRANSLATED” for finished ones or ”DRAFT” for the ones he/she
wants to review later.

Figure 2: Example of IMT prediction workbench
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In the MT approach, on the other hand, the SMT system produces full target
sentences, or portions thereof, which can be accepted or edited by the partici-
pant. However, in this case, when an error is corrected, no predictions are of-
fered by the SMT. Figure 3 shows the MT workbench, in which the acronym PE
stands for post-editing and one can observe that no predictions are offered while
the participant is editing the segment.

Figure 3: Example of MT workbench

Before the post-editing tasks, participants were asked to fill out a questionnaire
in order to collect data about their profiles as professional translators, as well as
their previous experience in post-editing. Eye calibration was also performed
before the tasks, according to the instructions provided in the Tobii T60 user’s
manual.

Building onAlves, Gonçalves & Szpak (2012) and Alves &Gonçalves (2013), the
methodology was refined in order to investigate the relevance-theoretic concep-
tual/procedural distinction in the post-editing process. We have thus correlated
the edits performed in the text segments to their respective visual activity in se-
lected areas of interest (AOIs). The next subsection presents the methodological
steps taken to achieve that end.

3.2 Procedures for data analysis

First, each MT and IMT post-editing task was filtered in order to avoid the over-
lapping of eye-activity data (for detailed information on filtering eye tracking
data, see Alves, Gonçalves & Szpak 2012). Thus, we created a set of scenes con-
taining only eye tracking data directly related to an individual segment at a given
time. In order to clarify this methodological procedure, it is necessary to explain
how the SMT system operates.

The CASMACAT workbench is a web-based CAT tool with an entry point in
a web page that the users log into using a personal user name and a password.
Once the user has been logged in and selected an assignment, the text opens up
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in the actual CAT tool. The source text appears in segments on the left and the
target text on the right.

In this study, we worked with 17 segments for the text about Protaphane and
19 segments for the text about Hycamtin. Once the post-editing tasks were ran-
domized, this difference between the number of segments in each text was not
a problem in terms of data analysis. Differences in text size and complexity will
be explored in other studies on the same data.

In order to access all the segments provided by the CASMACAT workbench,
participants had to use the scroll bar, which can be a problem when recording
gaze activity with the Tobii T-60 eye-tracker, as participants tend to keep their
focus of attention on the centre of the screen, causing data overlap, as can be
seen in Figure 4.

Figure 4: Example of segment data overlap

On the left, we can observe the area corresponding to the first segment, dis-
played in white, and the area corresponding to the second segment displayed in
red, with the brackets representing the extent of the visual activity area applied
to each segment, where the overlapping is visible.

Thus, based on Alves, Gonçalves & Szpak (2012) methodology, all participants’
data had to be filtered. Using Tobii Studio replay mode, we selected each ST/TT
segment and a set of 17 scenes were created for the text about Protaphane and
a set of 19 scenes were created for the text about Hycamtin. This can be seen in
Figure 5. At the bottom of the screen, it is possible to visualize the process time
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line shown in the selection bar, right under it one can see the scenes created
according to the segments provided by the CASMACAT workbench.

Figure 5: Filtering individual eye tracking data segment by segment

As a second step, AOIs were created in order to extract statistically relevant
information on gaze activity. Using Tobii Studio 3.2.3, we obtained measures for
fixation count and their duration. Drawing on Sjørup (2013: 105), we applied a fix-
ation duration threshold of 180 milliseconds in order to discriminate acceptable
data from non-acceptable data. The software generated an Excel file containing
data for all participants in both tasks, which serves as the basis for our statistical
analyses.

As a third step, in our attempt to map instances of conceptual, procedural and
hybrid encodings onto post-editing process data, we had to annotate the editing
procedures (deletions, insertions, clause reordering) performed in each textual
segment. To that end, the videos recorded while participants performed the post-
editing tasks were analysed and a frequency table containing number and type
of encodings was created.

We based our annotation on the categories proposed by Alves & Gonçalves
(2013), wherein the total number of conceptual encodings is equivalent to the
sum of lexical editing procedures and complex phrasal structure editing proce-
dures {[l] + [p]}; the total number of procedural encodings is equal to the sum
of a morph-syntactic editing procedures and complex phrasal structure editing
procedures {[m] + [p]}; and the total number of hybrid encodings is equal to the
editing procedures where a lexical item includes both encoding functions [p].
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Therefore, the editing procedures performed in the complete set of 36 segments
were annotated individually with reference to the input offered by the SMT sys-
tems. The data coming from this annotation were correlated to the eye tracking
data, so we could analyse the cognitive effort patterns applied to each type of
workbench configuration, (MT) and (IMT).

Thus, the number of edits on all types of encodings performed in each seg-
ment were analysed according to four different types of methodological analy-
ses: i) the number of encoding edits per task, that gives an overall impression
of which condition, MT or IMT, demands higher number of edits related either
to conceptual or procedural encoding, ii) the number of eye fixations per condi-
tion, that presents the total number of fixations allocated during a post-editing
task, iii) fixation duration per condition (MT and IMT), that discusses how cog-
nitively demanding the different post-editing workbench systems are, and iv)
average/median fixation duration per condition, that discusses the difference be-
tween the two post-editing conditions in terms of cognitive effort.

4 Analysis and discussion

4.1 Results

The results presented in this section are mainly comparisons of the number of
edits related to CE, PE and HE encodings and the eye tracking data variables,
such as fixation counts, fixation duration and average/median fixation duration
between conditions. Initially, we will present the results of edits on encodings in
the MT and the IMT condition. Next, we will analyse the results regarding visual
activity. Finally, we will assess the correlation between edits and visual activity.

4.1.1 Edits in encodings

The edits related to conceptual, procedural and hybrid encodings were annotated
and counted individually as shown in Table 1.

Initially, we characterize our data on encodings in order to make clear the rela-
tion between CE, PE andHE. Before our detailed analysis, we realized that hybrid
encodings had an extremely low occurrence, less than 1% of all edits. Thus, in this
study we only analyse edits in CE and PE, distributing HE to CE and PE equally
(cf. Alves & Gonçalves 2013). The total number of CE and PE is summarized in
Table 2.

Looking at overall editing-related results, contrasting the two conditions, that
is, MT vs. IMT, without distinguishing the texts, we found no difference in the
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Table 1: Number of edits per participant concerning conceptual, procedural and hybrid
encodings in MT and IMT conditions.

MT IMT
Participants Text CE PE HE Text CE PE HE

P02 PR 0 7 0 HY 9 18 0
P03 HY 13 20 1 PR 3 14 0
P04 PR 15 35 0 HY 31 28 2
P05 HY 15 34 0 PR 9 18 0
P06 PR 3 13 0 HY 9 20 0
P09 HY 15 26 0 PR 11 13 1
P10 PR 7 8 1 HY 12 29 0
P11 HY 6 15 1 PR 2 8 0
P12 PR 9 15 0 HY 9 18 0
P13 HY 8 15 0 PR 2 17 0
P14 PR 7 17 0 HY 13 23 0
P15 HY 8 19 1 PR 6 23 0
P16 PR 5 11 0 HY 19 23 0
P18 PR 4 11 0 HY 25 38 1
P19 HY 10 31 0 PR 7 19 0
P21 PR 2 18 0 HY 22 35 0

Table 2: The total number of edits concerning conceptual and procedural encodings in
MT and IMT conditions.

MT IMT
Text CE PE Text CE PE

PR/HY 131 299 HY/PR 193 348
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total number of edits (M= 26.9 for MT and M= 33.8 for IMT, t(15) = 1.31, ns).
Likewise, we found no difference in the number of CE edits contrasting MT to
IMT (8.2≈ 12.1), neither in PE (18.7≈ 21.2). These results did not corroborate our
first hypothesis.

As for one of our main objectives, we found a significant difference in the total
number of edits between CE and PE in MT condition, 8.2 (CE) < 18.7 (PE), t(15)
= -7.38, p < .01, as well as in IMT condition, 12.1 (CE) < 21.2 (PE ), t(15) = -7.21, p
< .00001. Thus, we can confirm our second hypothesis and that the results are
in line with those in Alves & Gonçalves (2013) in the investigation of encodings
in human translation, revealing that post-editing tasks are also mostly driven by
instances of procedural encoding edits, whichever the condition is.

On the one hand, we have found a proportion of less than 30% of CE edits
against more than 70% of PE edits in the MT condition. Furthermore, in the IMT
condition we have found that CE edits corresponded to more than 30% of the
total number of edits while PE edits accounted for a little less than 70% of the
total number of edits, which indicates a higher proportion for PE against CE, as
shown in Table 3.

Table 3: Reporting the total number of edits of CE and PE in each condition

Texts mixed
Conditions MT (16) IMT (16)
Encodings CE PE CE PE

absolute 91 295 224 392
relative 24% 76% 36% 64%

t(15) -7.38 -7.21
p < .01 p < .00001

These results are in line with those by Alves & Gonçalves (2013), namely 42.5%
of edits related to CE against 57.5% of edits related to PE in human translation
with significant difference. Note that, in both PEd conditions, PE edits were sig-
nificantly higher than CE edits. From this observation, PE is more edited than
CE in PEd, even higher than in human translating, indicating that machine trans-
lation systems tend to be more productive when dealing with CE-related items
(vocabulary and terminology) than with PE-related items (morph-syntax).

Having assessed the number of CE- and PE-related edits in MT and IMT condi-
tions, our next step was to verify the cognitive effort spent on these post-editing
tasks, thus, we present in the next session the analysis of eye tracking data.
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4.1.2 Fixation count, fixation duration and the average of fixation duration

We tested the effect of MT and IMT conditions on variables such as fixation count
and fixation duration and observed larger numbers in IMT condition in both
fixation count and fixation duration, as shown in Figure 6. Using the Wilcoxon
test, results show a statistically significant difference between these conditions
[for all the participants, V = 136, p < .05 (1768.25 (IMT) > 901.56 (MT)].

(a) Fixation count (b) Fixation duration

Figure 6: Mean fixation count/duration for MT and IMT

Interestingly, when comparing average fixation duration (as it is demonstrated
in Figure 7), the value in MT is greater than in IMT. We tested this difference and
observed that the average fixation duration of MT is significantly longer than
that in IMT [520684.13 (MT) < 653518.38 (IMT), V = 0, p = 0.03]. One may point
out that the duration of fixations can vary according to the workbench system in
use, consequently, the type of post-editing task. In this sense, we interpret that in
terms of fixation data, fixation for reading translation options in IMT condition
can be different from that related to processing translation from scratch, as well
as that related to non-interactive post-editing, i.e., what may possibly include
from-scratch-type of problem solving. Under this assumption, we checked the
average and the median of MT and IMT fixation durations (Table 4). According
to Lykke Jakobsen & Jensen (2008), data concerning to eye movements such as
fixation count and fixation duration is sensitive depending on task where reading
is predominantly involved. Thus, we find reasonable to postulate that in the
IMT condition, fixation duration is more closely related to reading than to from-
scratch-type of problem solving.

With regard to reading behaviour in IMTworkbench, Table 4 presents interest-
ing data. Despite the higher number of alternative possibilities and the relatively
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Figure 7: Average fixation duration in MT and IMT (in milliseconds)

greater number of CE edits performed in this condition, as mentioned earlier,
the average fixation duration indicates the effectiveness of the interactive mode,
since the effort spent on building up implicatures from the identified encoding
problems seems to be reduced by these alternative possibilities offered by the
system, generating a higher number of fixations with shorter fixations on aver-
age. This result may indicate that, in spite of the apparently higher processing
effort in IMT condition, due to the higher fixation count and fixation duration
observed, there was probably less cognitive effort in this condition. Introducing
the median value, that is, the central value of a dataset, it can also character-
ize the participants’ reading behaviour, buffering pushing up or down effects of
some outliers. Recognizing that both the mean and median value in MT is much
higher than in IMT, we argue that the median fixation duration in IMT reminds
the mean fixation duration of reading text for comprehension presented by Just
& Carpenter (1980), 225 ms, as well as presented by Rayner (1998), 200-300 ms.
Even though we may need more sophisticated methodology to measure this dif-
ference, one of the reasons for this significant difference is that a delay in mean
fixation duration probably is an indicator for the kind of cognitive activities in-
volved, other than reading. Therefore, it requires some qualitative explanation
about the fundamental difference between the two post-editing conditions, as
we will discuss below.

This result coherently fits our theoretical framework, as RT assumes that build-
ing up explicatures and implicatures from scratch (human translation) or from
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Table 4: The mean and median for fixation duration in MT and IMT conditions

Mean Median

MT (Total) 578.74 400
IMT (Total) 369.97 266

just one unsatisfactory option offered (MT condition) will be more effortful in
terms of cognitive processing in translation than doing this assisted by some
more options (IMT condition), as the initial process of articulating CE, PE and HE
in the target language translation-unit is anticipated by the system. Therefore,
results in Table 4 indicate that in MT condition, fixations can more probably be
related to reading plus problem-solving processes, while in IMT condition they
are much more related to reading and less to problem-solving processes.

4.1.3 Relating the encoding data and the eye tracking data

Finally, we calculate the average fixation duration per edit, that is, the average
fixation duration divided by the average number of edits in each condition in or-
der to observe the contributions that each condition offers. When comparing the
two conditions, results present a larger average fixation duration for the MT con-
dition (29 (MT) > 11 (IMT), t(15) = -4.80, p < .001). Therefore, the fourth hypothesis
was confirmed.

Table 5: Average fixation duration per edit by condition

Total
(ms) MT(16) IMT(16)

Average per unit of edits 29 11
Results t(15) = -4.80

p < .001

4.2 Discussion

4.2.1 Considerations about edits on encodings

Our results suggest that CE and PE-related edits, in both MT and IMT condi-
tions, are in line with the results found by Alves & Gonçalves (2013), the first
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quantitative study to observe cognitive effort upon edits during human transla-
tion underpinned by Relevance Theory (Sperber and Wilson 1986/1995). Accord-
ingly, our current research provides evidence that PE-related edits are still more
prevalent than CE-related events in post-editing tasks. This not only corrobo-
rates the findings of Alves & Gonçalves (2013), but it also suggests that both MT
and IMT conditions are mostly driven by instances of edits related to procedu-
ral encodings, which could mean that machine translation outputs seem to help
solve more CE-related problems than PE-related ones.

In line with relevance-theoretic assumptions, this evidence also highlights the
role of PE-related edits to constrain and control inferential processes in post-
editing. Consequently, we confirm the validity of a relevance-theoretic approach
to the analysis of post-editing. We claim that the analysis of the number of edits
on three different categories, namely CE, PE and HE, is a promising way to char-
acterize multilingual text production tasks such as translation and post-editing.

Concerning the difference between MT and IMT in terms of edits, the results
did not present any significant difference. From these results, we understand
that, even if the IMTworkbench suggests options whenever the post-editor types
one or two characters, the options appear somehow in a controlled manner for
the post-editors to choose the best one among them. We may argue that two
possible and concurrent factors could have caused this result: one is related to
the participants’ unfamiliarity with IMT post-editing; the other factor relates to
the prediction accuracy of the IMT system.

In terms of unfamiliarity, Underwood et al. (2014: 553) mention that “post-
editors’ performance tended to increase as they became acquainted with the in-
teractive system over an 18-month period”. Therefore, as our participants were
not used to do post-editing in the IMT condition, it seems that the facilitating
effect expected to be generated by the interactive condition could not be fully
observed in the experiment by means of a reduction in the number of edits and a
reduction in the total task time. With regard to the total task time, according to
Alves et al. (2015), in a study carried out with the same set of data, participants
spent significantly more time when post-editing with interactivity, Wilcoxon
signed-rank Test z = 10, p = 0.001, in other words, 1005161 milliseconds (16min
45s) on MT and 1225812 milliseconds (20min 25s) on IMT.

In terms of prediction accuracy of the IMT system, we could observe that, in
spite of the lack of significant difference in the amount of edits between MT and
IMT conditions, as well as the unexpected increase in the IMT condition total
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task time, a facilitating effect1 of assisting the post-editor stemming from inter-
active support could be observed. This finding corroborates the results of Sanchis-
Trilles et al. (2014), in which the authors compare MT and IMT post-editing tasks
in terms of total time required to produce the final translation and the amount
of key strokes performed during the task. Their results show that, even with lit-
tle training, IMT post-editing can be as productive as standard MT post-editing
in terms of total time required to perform the task, as fewer keystrokes were
required in the IMT task. Accordingly, our data also suggest that IMT can be
as productive as MT in terms of encoding edits performed in both conditions, re-
vealing that the “ready-to-insert” solutions offered by the IMT system demanded
low-processing effort from the post-editors, as we discuss below.

4.2.2 Considerations about the eye tracking data

As O’Brien (2008) points out, interpreting eye tracking data is not a straightfor-
ward task. Our results indicate greater fixation count and fixation duration in
IMT post-editing than in MT post-editing. This difference can be interpreted in
relation to the number of words automatically offered in the IMT condition: this
increase is rather expected, as number of words increase along the task in the
IMT. What has drawn our attention is the mean and median value of fixation du-
ration: both values are greater in MT than in IMT tasks. As we have commented
earlier, it may be related to a distinctive behaviour in post-editing. Lykke Jakob-
sen & Jensen (2008) identified in their study about reading modalities that mean
fixation duration is different, depending on the task type. The Danish partici-
pants’ mean fixation duration in reading an English text varied from 205 ms in
reading for comprehension to 235 ms in sight translation. Their results confirm
that, as far as (standard) human translation is concerned, fixation duration on the
source text area is different from fixation duration on the target text area. Addi-
tionally, there are also differences between translation students and professional
translators in terms of cognitive processing. Building on their results, we postu-
late that there must be typical reading patterns and different processing effort
for MT post-editing and IMT post-editing. If a post-editor expects a type of op-
tion to be offered by the IMT system and his/her expectations are met, this may
influence his/her behaviour – with less fixation count and less fixation duration.

1 We consider a facilitating effect here only as the main factor in the reduction of the amount
of cognitive effort and time spent by the post-editor in the production of the target text’s first
version once it is given by themachine output. Therefore, it is not to bemistakenwith semantic
priming or schema activation effects observed in similar and closely implemented translation/
post-editing experimental tasks.
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If the IMT system, on the contrary, offers unexpected options against standard
language conventions that human translators would be likely to render, this may
result in an increase in fixation count and fixation duration.

Rayner (1998), when talking about the basic characteristics of eye movements
in information processing, reports that mean fixation duration during silent read-
ing is 225 ms, while mean fixation duration during typing is 400 ms. These fixa-
tion durations figures support the assumption that the IMT fixation duration is
closely related to a reading process type, once we have found a similar pattern
as IMT mean/median fixation duration was 369/266 ms, respectively, and MT
mean/median fixation duration was 578/400 ms, respectively, both representing
significant differences between MT and IMT.

Likewise, we assume that the MT mean fixation duration is closely related to a
typing mean fixation duration, in which fixations are relatively longer, not only
because of cognitive processes of encoding and inferring, but also because of the
typing activity occurring more frequently in the MT post-editing task. Rayner
(1998: 396) points out that longer fixations during typing are explained by the fact
that “the eyes wait in place for the hand to catch up”. Hvelplund (2015) argues
that this could very well mean that the eyes focus for longer at the same area not
because a particular difficult item is being processed but because the mechanical
operation of typing is slower than reading.

CAT tools, such as MT or IMT systems, can be equipped with a variety of op-
tional windows. O’Brien (2008) reports on the relation between fuzzy matches
and eye tracking data with users of SDL TRADOS. She defined one of the AOIs
set up in the fuzzy match rate area, which was not frequently visited by partici-
pants: the respective mean fixation count is 25.60, while other AOIs’ mean fixa-
tion count varies from 79 to 1354. However, the average fixation duration (234.92
ms) on these AOIs is similar to those of other AOIs (between 215 – 255 ms). In
this sense, our results concerning the fourth hypothesis make sense in terms of
global analysis: the average fixation duration per edits demonstrate post-editors’
greater effort in MT, fixating their eyes longer on fewer number of edits.

Drawing on relevance-theoretic assumptions, we can also argue that the preva-
lent number of PE edits over the number of CE edits is an indicator of cognitive
effort geared to solving particular problems of a morph-syntactic nature, which
often occur in post-editing tasks. Krings & Koby (2001) postulate that there are
two types of cognitive effort required in post-editing. One is at a lower level,
at which post-editors mainly seek linguistic correctness, while the other is at a
higher level, involving the post-editor’s engagement with the discourse level.
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Oppositely, CE-related edits can be potentially unlimited when translators
become more aware of the ST meaning, as CE belong to open lexical classes
(Moeschler 1998). Due to the way it encodes content, CE provides information
directly related to mental representations. According to Alves (2001), one tries to
recover the conceptually encoded information conveyed by the sender’s mental
representations by means of inferential processes. As the MT condition is a tradi-
tional human post-editing task with no assistance other than the machine trans-
lation output itself, we believe that post-editors are relatively free to engage in
CE-related editing by means of inferential processes, which may indicate a more
active commitment in terms of building a coherent target text rather than merely
implementing a linguistic correction. Expert post-editors, as far as the quality
of machine output and the principle of post-editing are concerned, most likely
preserve the MT output, adjusting the target text as it was constructed by MT
system, rather than passing their own cultural and stylistic filter. In relevance-
theoretic terms, the optimal post-editing tool is required to reduce inferential
work in building the options to be considered in the establishment of the inter-
pretative resemblance, not only linguistic correction.

5 Concluding remarks

In this paper, we have set about measuring and comparing eye movements refer-
ring to the number of edits on conceptual and procedural encodings (CE and PE)
between two post-editing tasks, namely with and without interactive support
(IMT and MT conditions respectively). The main objective was to compare these
two modes in order to investigate cognitive effort through the observation of in-
stances of encoding-related edits and the usability and impact of an IMT system
in the execution of a post-editing task.

Four hypotheses were proposed:
Hypothesis 1 predicted that there would be a lower number of editing events

in the IMT condition than in the MT; this first hypothesis was not corroborated
by our data analyses. Two possible reasons for this result are the unfamiliarity of
the participants with IMT post-editing tasks, and the prediction accuracy of the
IMT benchmark itself. Nevertheless, since no significant difference between the
interactive and non-interactive total task time was observed, one may conclude
that the IMT condition, even with little training, can be as productive as the MT
condition.
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Hypothesis 2 postulated that instances of procedural encoding-related edits
would be proportionally more prevalent than edits related to conceptual encod-
ings when considering post-editing tasks; this second hypothesis was corrobo-
rated in the present study.

Hypothesis 3 predicted that the mean and median duration of an eye-fixation
should be shorter in the IMT conditionwhen compared to theMT; a fact observed
in our data analyses. Moreover, we noticed that the values obtained in the IMT
framework are closely related to the ones expected for reading tasks. This may
indicate that participants in the IMT condition tend to perform edits more related
to reading for checking and revising than for writing and editing, the latter being
more frequent in the MT condition.

Finally, hypothesis 4 postulated that the average fixation duration per edit
should be shorter in IMT than MT condition; this hypothesis was also confirmed
by our data.

Based on the four hypotheses, our findings indicate that interactive and non-
interactivemachine translation involve two different types of cognitive processes,
and the facilitating effect found in the interactive condition might be related to
a reduction in cognitive processes related to encoding and inferring, but also re-
lated to a reduction in the mechanical operation of typing. In order to be able
to make a more substantial claim, we need to carry out further studies to ex-
pand some of the discussions presented in this article and check the results from
this study with a thorough description of post-editors’ behaviour which is still
unknown.

This may offer an opportunity to understand with greater accuracy the dif-
ferences in terms of cognitive/processing effort in post-editing tasks carried out
with and without interactivity. These shortcomings, notwithstanding, appear to
contribute to research in the field of post-editing.

Appendix

Text 1

What Protaphane is and what it is used for

Protaphane is human insulin to treat diabetes. Protaphane is a long-acting in-
sulin. This means that it will start to lower your blood sugar about 1½ hours after
you take it, and the effect will last for approximately 24 hours. Protaphane is
often given in combination with fast-acting insulin products.
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If you are allergic hypersensitive to this insulin product, metacresol or any of
the other ingredients (see 7 Further information).

What to do in an emergency for more about hypos.

Take special care with Protaphane

Using other medicines

Many medicines affect the way glucose works in your body and they may influ-
ence your insulin dose. Listed below are the most commonmedicines which may
affect your insulin treatment. Talk to your 102 doctor or pharmacist if you take
or have recently taken any other medicines, even those not prescribed.

Your need for insulin may change if you also take: oral antidiabetic products;
monoamine oxidase inhibitors (MAOI)

Pregnancy and breast-feeding

If you are pregnant, planning a pregnancy or breast-feeding: please contact your
doctor for advice.

Driving and using machines

If you drive or use tools ormachines: watch out for signs of a hypo. Your ability to
concentrate or to react will be less during a hypo. Never drive or use machinery
if you feel a hypo coming on. Discuss with your doctor whether you can drive or
use machines at all, if you have a lot of hypos or if you find it hard to recognise
hypos.

Talk about your insulin needs with your doctor and diabetes nurse.

Text 2

The active substance in Hycamtin, topotecan, is an anticancer medicine that be-
longs to the group‘topoisomerase inhibitors’. It blocks an enzyme called topoiso-
merase I, which is involved in the division of DNA.When the enzyme is blocked,
the DNA strands break. This prevents the cancer cells from dividing and they
eventually die. Hycamtin also affects non-cancer cells, which causes side effects.
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How has Hycamtin been studied?

Hycamtin as an infusion has been studied in more than 480 women with ovar-
ian cancer who had failed one treatment with platinum-containing anticancer
medicines. Three studies were ‘open’, meaning that the medicine was not com-
pared to any other treatment and the patients knew that they were receiving
Hycamtin. The fourth study involved 226 women, and compared Hycamtin with
paclitaxel (another anticancer medicine). The main measure of effectiveness was
the number of patients whose tumours responded to treatment. Hycamtin has
also been studied in three main studies in 656 patients with relapsed small cell
lung cancer. One study compared Hycamtin capsules with symptom control
alone and another compared Hycamtin as an infusion with Cyclophosphamide,
Doxorubicin and Vincristine (a standard combination of chemotherapy). The
third study compared Hycamtin given as an infusion and as capsules. The ef-
fectiveness was measured by looking at survival or response rates. Hycamtin
as an infusion has been studied in 293 women with advanced cervical cancer,
where the effectiveness of a combination of Hycamtin and Cisplatin was com-
pared with that of Cisplatin alone. The effectiveness was measured by looking
at overall survival.

What benefit has Hycamtin shown during the studies?

In ovarian cancer, the studies showed the effectivenes s of Hycamtin, with an
overall response rate of about 16%. In the main study, 21% of the patients who
received Hycamtin (23 out of 112) responded to treatment, compared with 14%
of the paclitaxel patients (16 out of 114). In lung cancer, looking at the results
obtained in all three studies, the response rate was 20% (480 patients received
Hycamtin).
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