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Abstract 

Globally, increasing adoption of machine translation in the language industry has seen post-

editing develop into a mainstream service. In New Zealand it is an emerging practice, likely to 

grow due to heightened awareness of the need for reliable and competitive language services to 

serve diverse needs of immigrant communities and business demands. Locally, though, 

Translation Studies is a maturing discipline with limited availability of formal, research-

informed, translator training. Against this backdrop, a small-scale in-depth empirical study on 

post-editing was conducted, using a frequently machine-translated yet not commonly researched 

text type. It seeks to shed light on how, and to what effect, local Chinese-to-English professional 

translators post-edit, in naturalistic conditions, a Chinese patent text machine translated into 

English.  

Questionnaire and direct observation methods elicit from eight participants process and product-

related data for analyses, employing mainly descriptive statistics. The impact participants’ 

professional attributes, attitude towards machine translation, and dominant language, have on 

post-editing performance is also studied.  

In line with prior research, considerable variation is observed among participants in terms of post-

editing style, productivity and quality. While participants declare no previous post-editing 

experience, the study somewhat surprisingly captures evidence of frequent and conspicuous use 

of free online machine translation among them. Results suggest that participants with a more 

positive attitude towards machine translation tend to spend more effort improving its output and 

achieving better quality. Participants who display higher productivity tend to have in-domain 

translation experience as well as formal translator training. However, there is no evidence of first-

language translators with English as their dominant language performing any differently from 

second-language translators in terms of post-editing productivity or quality. 

This is a participant-centred exploratory study with known limitations, and is a first New 

Zealand-based investigation of its kind conducted in authentic settings with local professional 

translators. Nevertheless, it provides an empirical basis towards developing strategies for future 

post-editor training, including L2 translators. It makes a timely contribution to the body of 

knowledge for advancing the understanding of post-editing as a growing practice and as an 

increasingly important form of human-machine cooperation. 

Keywords: patent post-editing, L2 post-editing, post-editor training, human-machine cooperation  
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Chapter 1. Introduction 

 

 

 

“Chaos is merely order waiting to be deciphered.”  

José Saramago. The Double (2002:98) 

 

 

 

In many ways, the above quotation
1
 from the novelist Saramago, winner of the 1998 Nobel 

Prize for Literature, captures aptly and succinctly the approach taken in the present study, as 

well as the goals the present researcher intends to achieve. This thesis reports on an in-depth 

observational study of a small group of New Zealand-based professional translators 

performing a post-editing task on an English technical text, machine-translated from Chinese. 

Inspired by the underlying methodological philosophy of grounded theory, the study elicits 

both post-editing process and product-related data from its participants, and seeks to discern 

patterns and relationships by triangulating the sources of data to discover new knowledge. 

In the Machine Translation paradigm and its cross-discipline branching fields of study, the 

term
2
 post-editing refers to human translators modifying and correcting the raw output 

obtained through automatic translation (Allen 2003:297, O’Brien 2011a:197). International 

Standard ISO 18587:2017, entitled Translation Services – Post-editing of Machine 

Translation Output – Requirements, defines the concept of “post-edit” as “edit and correct 

machine translation output” (2017:2, emphasis in original).              

In the field of Human-Computer Interaction, the term in the wild refers to the 

methodological approach of taking research from the safety and security of a controlled 

laboratory-based setting to the users’ natural environment in the real world, to properly 

                                                           
1
 The novel The Double was translated from the original Portuguese into English by Margaret Jull Costa in 2004. 

It is a work of fiction and is not related to translation technology. 
2
 In the present thesis, bold type is used to indicate terms, as well as to emphasise specific words in the text. 
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understand the impact of technology in everyday life (Callon and Rabeharisoa 2003:195, 

Rogers and Marshall 2017:1). Research in the real world is hardly ever neat and tidy, as a 

real-life situation where there is only a single clean variable is near impossible to find, and 

“evidence is of various kinds and none of it is perfect” (Gillham 2010:12). In-the-wild 

research is very often unpredictable too, particularly so when working with and eliciting data 

from human participants — hence the ostensible ‘chaos’ in the opening quotation. In 

unravelling and decrypting the data collected, the present researcher aims to decipher some of 

the order waiting within the chaos to gain better insight into the relatively neglected human 

side in the realm of human-machine cooperation in translation.  

For the rest of the current chapter, we present a contextual overview for the study, from a 

global post-editing perspective as well as from a specific New Zealand one. The motivation 

and relevance of the study are also discussed, followed by a statement of its aims and a list of 

the research questions to be addressed. It then concludes with an outline of the structure of 

the thesis.         

1.1. Contextualisation  

The point of departure for the present study is that post-editing is inseparable from machine 

translation. From the time operational machine translation systems first became available, 

post-editing has very much been an integral component of the machine translation workflow 

(Bar-Hillel 1951:230; Hutchins and Somers 1992:9, O’Brien et al. 2014:vii).  

1.1.1. Universal Context 

In the present thesis, post-editing refers to a human (the post-editor) taking on the task to 

revise, modify and/or improve texts that a machine translation system has translated from a 

source language into a target language or languages (Allen 2003:297). Additionally, O’Brien 

elaborates that post-editing is changing and correcting raw machine translated output by a 

human translator “according to specific guidelines and quality criteria” (2011a:197). 

The declaration years ago that “(p)ost-editing is always necessary” with machine translation 

(Laurian 1984:237) is echoed by the more contemporary remark that machine translation and 

post-editing are “lifelong companions”, with one being as old as the other (Carl et al. 

2015:146). This inseparability has also long been embodied in Hutchins’ observation that 

machine translation research has increasingly developed “realistic practical systems where 
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the necessity for human involvement at different stages of the process is fully accepted as an 

integral component of their design architecture” (1995:90). 

To discuss post-editing, it is helpful to take a step back to first consider machine translation, 

at least from a high level. Commonly also known as automatic translation (e.g., Bar-Hillel 

1960, Kingscott 1996), machine translation comprises “computerised systems responsible for 

the production of translations from one natural language into another” (Hutchins and Somers 

1992:3). Machine Translation can speedily convert large volumes of texts which can 

potentially meet some of the burgeoning cross-lingual demand brought about by globalisation 

and by computer-mediated communication supported by the Internet as such demand cannot 

be satisfied by traditional human translation alone.  

The most essential feature of a machine translation system is fully automatic translation, in 

which there is no human intervention during run time (i.e., when the computerized system is 

actually translating). That is not to say that humans are not involved at all in machine 

translation workflows. On the contrary, as we shall see, humans very much play a central and 

pivotal role. In a translation workflow which aims to produce high quality publishable texts, 

machine translation may act as the first step to provide a rough translation which is then 

improved upon, that is, post-edited (Koehn 2010a:23). Under the right conditions, this leads 

to a reduction in translation time and even an improvement in output quality, vis-à-vis 

translation from scratch (Green et al. 2013:439).  

However, machine translation has not always been positioned as a useful tool for translators. 

Initially, machine translation was ambitiously predicted and energetically publicised as being 

capable of quickly replacing human translators. This was unsurprisingly perceived by 

translators as a massive threat, and laid the foundation for some of the lingering negativity 

with which translators view the technology, then and now. The dubious quality of the output 

from some systems has exacerbated the cynicism, reflected in the continued rejection of 

machine translation by some translators.  

Although machine translation quality has improved significantly in recent years, many still 

consider it a distant second from human translation standards (Burchardt, Tscherwinka et al. 

2013:241, Singla et al. 2014:51, Carl et al. 2015:146), so post-editing is a necessary process 

in workflows that deploy machine translation. One point to bear in mind is that quality of 

machine-translated output is very much dependent on the machine translation system, the text 

type as well as the language combination involved. Another point to note is that errors and 
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deficiencies appearing in machine-translated output tend not to be the kind that human 

translators would generally make (Moorkens and O’Brien 2017:109), and by extension, not 

the types of mistakes revisers and editors of human translation would usually encounter.  

In the world of professional human translators, there is a fiercely and widely upheld dictum 

known as the mother tongue principle affecting the vast majority of practitioners in most 

cases. This principle refers to recommendations and guidelines formalised/issued by entities 

such as the United Nations Educational, Scientific and Cultural Organization UNESCO and 

International Federation of Translators FIT, which provide that translators should as far as 

possible translate into their mother tongue or native language (Thelen 2005:242). In practice, 

the industry has interpreted and applied this principle diligently and more than liberally, with 

little consideration of, or leeway given to, the as-far-as-possible provision. 

Consequently, translation service providers promote the into-native language direction as the 

emblem of high quality. Professional organisations write codes of ethics and membership 

criteria incorporating the into-mother tongue requirement. Many academic institutions 

“continue to adhere to the mother-tongue rule” (Kelly 2018:37) placing much more emphasis 

on translation training into the native language, although there are signs that this is changing. 

Despite growing evidence that translation out of one’s native or dominant language happens 

regularly in reality, and that there is a pragmatic need for working into one’s second language 

under certain circumstances, the state of adherence to the mother tongue principle persists. In 

this respect, the present researcher observes that the disapproval surrounding translation into 

a second language is extended by default to post-editing.          

Against this broad universal outlook of post-editing and machine translation, the specific case 

of New Zealand is presented below. It allows an appreciation of the connection of post-

editing and machine translation, and their relevance, to the local situation. 

1.1.2. New Zealand Perspective 

New Zealand is a small but culturally and ethnically diverse country, with a population of 4.8 

million
3
 people. This includes a consistent annual percentage of net inward migration

4
 flow 

over the past ten years or more, with migrants arriving from practically every country in the 
                                                           
3
 As at 01 June 2017, the population of New Zealand is estimated by Statistics New Zealand to be 4,785,100. 

https://www.stats.govt.nz/topics/population (visited 21.01.2018)  
4
 Approximately 445,000 resident visas were approved between 01 July 2007 and 31 July 2017 by Immigration 

New Zealand. https://www.immigration.govt.nz/about-us/research-and-statistics/statistics (visited 
03.09.2017) 

https://www.stats.govt.nz/topics/population
https://www.immigration.govt.nz/about-us/research-and-statistics/statistics
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world. New Zealand is committed to providing all eligible residents with equitable access to 

public services and to supporting new residents who may not read, write or speak English. 

This commitment is evidenced by ongoing initiatives such as the Language Assistance 

Services Project led by the New Zealand government, which we will elaborate on shortly. 

The services offered by translators and interpreters are therefore in constant demand. Due to 

the large number of languages involved, the local translation and interpreting community is 

fragmented into many working language pairs, some of which may have only a very small 

number of qualified practitioners, if at all. This shortage is particularly acute in the case of 

languages of limited diffusion, a scenario typical of CALD (Culturally and Linguistically 

Diverse) communities. 

However, even with widely spoken languages, oftentimes there is unequal availability of 

expertise, in terms of the language direction. An example in New Zealand’s case is seen in 

the Chinese-English pair. According to the New Zealand Society of Translators and 

Interpreters (NZSTI)
5
, English to Chinese (EN-ZH) translator members outnumber Chinese 

to English (ZH-EN) ones three to one. In New Zealand, English and Chinese is considered a 

significant language combination, as resident visa statistics show that some 15% of the 

migrant population in the past decade have originated from China (see Appendix A for 

details).   

After having practised as a Chinese-English freelance translator in New Zealand for a number 

of years, the present researcher has firsthand knowledge that the local translation marketplace 

is largely unregulated at present, a situation not unlike many other countries in the world 

(Drugan 2013:188). Also similar to other countries, the “bedrock of the industry is the 

freelance translator” (ibid.:3). Currently, there is no accreditation body in New Zealand along 

the lines of Australia’s NAATI (National Accreditation Authority for Translators and 

Interpreters Ltd), or formal accrediting tests like the CATTI (China Accreditation Test for 

Translators and Interpreters), or the translator certification program of the ATA (American 

Translators Association). However, there are professional bodies such as NZSTI (New 

Zealand Society of Translators and Interpreters) and SLIANZ (Sign Language Interpreters 

Association of New Zealand) which represent the interests of members, and promote quality 

standards and professional development, but not certification. Having said that, some 

                                                           
5
 A search for translators by language pair and direction on the NZSTI website returned 103 individuals for EN-

ZH versus 34 for ZH-EN. Some names were included in both lists as the membership of the individuals 
concerned covers both language directions. https://www.nzsti.org/ (visited 22.01.2018). 

https://www.nzsti.org/
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professional translators in New Zealand have obtained NAATI certification, which is well-

recognised locally. 

Companies that offer translation services in New Zealand tend not to have a large number of 

in-house translators, although the more established service providers profess to employing 

native-speakers as editors in their quality assurance process (e.g., NZTC International
6
) and 

allude to such practice through testimonials (e.g., Straker Translations
7
). The predominant 

business model for language service providers in New Zealand, large and small, is that they 

solicit and compete for jobs in New Zealand and abroad. These jobs are then contracted out 

to a network of freelance translators who may or may not be physically located in the 

country.  

Due to the imbalance seen earlier of available translators for some language pairs and 

direction, the often-cited golden rule of translating only into one’s mother tongue, also 

referred to as their first language or L1, is sometimes broken (Kelly 2018:36-37) out of 

necessity and for other pragmatic reasons. In other words, professional translators in New 

Zealand do have to work into language(s) other than their first, a reality which also prevails 

in many other countries (Pokorn 2005, Pavlović 2007, Ferreira and Schwieter 2017, Kelly 

2018). Although translation, and by extension post-editing, into a non-native language is not 

sanctioned by professional bodies such as NZSTI, it is a manifestation of supply and demand 

of expertise in the local translation market and therefore a practice that is unlikely to diminish 

or disappear quickly, at least until supply catches up. We will discuss working language 

direction and NZSTI’s membership criteria further in Chapter 3.  

From a practical standpoint, instead of taking the stance to discourage, disallow or deny 

translation and/or post-editing into a non-native language or L2, it would make sense for all 

concerned to take the necessary steps to ensure that there is little or no discernible difference 

in output quality (if indeed such difference exists), regardless of whether the work is carried 

out by L1 or L2 speakers of a language. One key step in this process is appropriate 

translator/post-editor education. The suggestion that training institutions take on the task of 

ensuring graduates possess the competence and confidence to translate into their non-native 

                                                           
6
 The New Zealand Translation Centre Ltd (https://www.nztcinternational.com/quality-assured-translation-

qat-0 visited 25.05.2018) is the formal registered name of the company. 
7
 Straker Translations Ltd (https://www.straker.co.nz/best-overall-translation-service-for-2018/ visited 

25.05.2018) is the formal registered name of the company. 

https://www.nztcinternational.com/quality-assured-translation-qat-0
https://www.nztcinternational.com/quality-assured-translation-qat-0
https://www.straker.co.nz/best-overall-translation-service-for-2018/
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language to meet market demands has already been made years earlier (Kiraly 2000:118). We 

will also revisit post-editor training in Chapter 3.       

A separate but relevant and timely development in New Zealand is the currently ongoing 

Language Assistance Services Project
8
, a cross-government initiative led by the Ministry of 

Business, Innovation and Employment and the Department of Internal Affairs. The three-year 

project is being implemented from 2017 and its purpose is to improve the quality of the 

translation and interpreting services procured by government-funded agencies responsible for 

public sector activities like immigration, justice, law enforcement, transport and healthcare. 

Improvements sought in the project include equitable access to language assistance for 

eligible users, as well as reliable quality and consistency of service providers. One of the 

project’s deliverables is a certification framework intended to uphold professional standards 

among the translators and interpreters who offer their services to such customers. The 

introduction of a formal certification process in New Zealand will more than likely have 

long-term implications for the training of future practitioners and also re-training for existing 

ones. 

Currently, formal tertiary training for translators in New Zealand is available at three local 

universities. Auckland University of Technology offers a Bachelor programme in translation, 

Victoria University offers a Master programme specialising in literary translation, and The 

University of Auckland (UoA) offers two programmes, one leading to a Master of Arts and 

the other a Postgraduate Diploma in translation. NZSTI currently specifies the postgraduate 

diploma from UoA as a prerequisite for full membership.    

In summary, consequent to the increasingly diverse mix of communities speaking different 

languages in New Zealand, the local translation (and interpreting) market is vibrant, dynamic, 

and is moving towards maturity. More recently, in the wake of natural disasters like the 2010 

Canterbury earthquake, the level of awareness for quality in translation and interpreting 

services in a wide range of scenarios is rising. This underscores an urgent need to develop the 

skills and professionalism of future and current language service practitioners, and part of the 

research outlined in this thesis hopes to make a timely contribution towards such effort.        

                                                           
8
 The Project fact sheet is available from https://www.immigration.govt.nz/documents/about-us/project-

information-sheet.pdf (visited 15.02.2018)  

https://www.immigration.govt.nz/documents/about-us/project-information-sheet.pdf
https://www.immigration.govt.nz/documents/about-us/project-information-sheet.pdf
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1.2. Motivation and Relevance 

The present researcher believes that to succeed in the digital age, translators have to be 

proficient with (the use of) translation technology. Implicit in mastering the technology is the 

need to know more about how machine translation impacts professional translators who earn 

a living from the activity. In addition, the researcher feels strongly about the need to increase 

the capacity for Chinese-to-English translation without sacrificing output quality. When the 

opportunity to write a doctoral thesis presented, the part of the machine translation workflow 

the researcher chose to investigate was post-editing. Apart from the essential role post-editing 

plays in improving the quality of machine translation (Thicke 2013:8), the researcher is 

convinced that it helps to future-proof the livelihood of professional translators. 

Following a review of relevant literature on machine translation and post-editing research, the 

highlights of which are presented in Chapters 2 and 3, one observation that stood out was the 

dominance of interest in the ‘hard’ side of the continuum of human-machine cooperation in 

translation. Publications from research areas such as system design and improvement, 

computational linguistics, automatic evaluation, natural language processing, and of late, 

machine learning and even artificial intelligence, totally overshadow those on the ‘soft’ side, 

that is, human aspects such as how translators interact with technology, how technology 

affects them, and how they post-edit. Although research on the soft side of translation 

technology is on the increase, sources such as Kenny (2017:2) maintain that, to date, 

translators have not had much input into or impact on the design of the technological tools 

they are expected to use. Moreover, among the research articles and papers that report on 

post-editing, there has not been equal attention across languages. Alves et al. have noted that 

research in post-editing is “somehow still in its infancy, particularly in scarcely related 

language pairs such as English-Portuguese” (2016:93). In this respect, post-editing research 

featuring the Chinese-English pair appears to be even less represented, despite the 

significance of Chinese in economic terms.  

It is generally acknowledged that Chinese and English is a challenging (Kuhn et al. 2010:46) 

and very difficult (Koehn 2010a:19) language pair for machine translation. One likely 

explanation for this difficulty may be because the two languages, though widely spoken, 

“differ genetically” (Xiao and McEnery 2010:1). Apart from grammar and word order 

differences, Chinese script is logograph-based and does not use white space between words 

while English writing is alphabet-based with words delimited by spaces. Everything else 
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being equal, it is perhaps not unexpected for post-editing researchers to focus (first) on 

language pairs that are more closely related; for example, languages within the Germanic or 

Romanic families, or between European languages. That said, it should be noted that some 

Asian countries have been involved in machine translation research for some time — for 

instance, in China for about two decades (Ping 2009:168) and in Japan since the 1970s 

(Carbonell 1995: 341).  

The literature indicates a dearth in the knowledge and understanding of the human aspect in 

the machine translation workflow, specifically, post-editing and in particular involving 

Chinese and English. The present researcher believes that global demand for translation 

between Chinese and English will continue to increase in time to come, due to the political 

and economic ascendency of China on the international arena. Being an English-speaking 

country with a sizeable population of Chinese immigrants, ethnic Chinese professional 

translators in New Zealand could linguistically be well-positioned to undertake some of the 

Chinese-to-English translation work that will become available. This is also where translation 

and post-editing into a second language becomes a key advantage, and so, an important and 

relevant consideration.  

To the best of the present researcher’s knowledge, this is the first in-depth study to be carried 

out with professional translators located in New Zealand to understand how they would 

proceed and perform in post-editing of machine translation in the Chinese-to-English 

language direction. Such understanding is valuable as post-editing is still an unfamiliar 

activity to most New Zealand-based professional translators, and none of the participants in 

the present study have received any formal post-editing training. Furthermore, in the course 

of this work, an opportunity became available to evaluate the merits of second language post-

editing (i.e., professional translators working out of their mother tongue Chinese into their 

second language English). In addressing the research questions listed in the next section, the 

researcher hopes to contribute towards bridging the current gap in the literature, advance the 

knowledge and understanding in this comparatively under-researched area, and facilitate 

effective post-editor training, including second language (L2) post-editing. 

1.3. Research Questions 

Machine translation post-editing is increasingly being offered globally as part of mainstream 

translation service (Lommel and DePalma 2016). This is an industry assessment and outlook, 
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and one which academia concurs with (Rico et al. 2018:209). In view of the characteristics of 

the New Zealand market, and given the paucity of formal comprehensive post-editor training 

programmes in-country, initial research interests include: How do Chinese-English 

professional translators based in New Zealand post-edit in English? How well do they 

perform in terms of post-editing productivity and quality? How do they view and feel about 

machine translation? Does attitude towards machine translation impact on their post-editing 

performance? How successful are non-native speakers of English in post-editing into English 

when compared to their native-speaking counterparts? What are the implications for post-

editor training in order to prepare translation practitioners to meet the emergent and growing 

demand for post-editing?  

Informed by previous research, these initial research interests were formulated into three 

overarching research questions (RQ) as follows:  

RQ1: How do professional translators in New Zealand who translate from Chinese to 

English post-edit a technical text machine-translated into English? 

RQ2: How do subjective self-reported and objective measured data generated in the 

 study correlate? 

RQ3: How do participants’ attitude towards machine translation, their in-domain 

translation experience and dominant language impact post-editing performance?  

The response to the first question is mainly descriptive in nature. It seeks to obtain an in-

depth understanding of how the participants carry out the post-editing task. All of them are 

professional translators, but not trained post-editors. All of them, except one, have not 

previously offered post-editing service to clients. We look into how much time the 

participants spend on the overall task, and how this time is divided across the activities that 

go towards completing it. In other words, we are interested in the practices of professional 

translators with a range of translation experience when they carry out this largely unfamiliar 

task, including how they prepare for it, the types of changes they make, the types of errors 

they introduce, whether and how they check their own work, and how well they perform, as if 

it were a real job/assignment.      

The second question examines correlations between self-reported and measured data. In 

establishing whether the participants’ perception of effort correlate with the amount of time 

they spent on the task, and with the number of editing changes they actually made to the 
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machine-translated text, we view the participants through Krings’ seminal and well-tested tri-

dimensional model of cognitive, temporal and technical post-editing effort (1994/2001). By 

investigating whether other correlations exist in the data collected, we aim to determine if any 

of such objective measurements may be reliable proxies to quantify post-editing effort. 

Despite substantial research interest shown in this direction in recent years, estimating post-

editing effort remains an open question (Vieira 2017a: 161).      

The third question explores the impact participants’ profiles have on the execution of the 

task. The points of interest are whether their attitude towards machine translation influenced 

how they carried out the task, and what role the personal attributes of in-domain translation 

experience and native or dominant language played in how the task was performed. 

Differentiated based on the three characteristics mentioned, we compare groups of 

individuals to see whether they dealt with the machine translated texts differently, and 

whether post-editing quality and productivity were affected. 

Guided by a grounded theory approach, an exploratory study incorporating questionnaires 

and direct observation, and supplemented to a small extent by a cued post-task interview, was 

designed and carried out to elicit empirical data from the group of professional translators 

based in New Zealand. From these data, the researcher aims to answer the three main 

research questions, each of which is operationalised into component sub-questions as detailed 

in Section 4.1.  

1.4. Structure of Thesis 

This thesis consists of six chapters. In Chapter 1 (the current chapter), we have provided a 

broad context for the present research, introduced salient features relating to the New Zealand 

translation industry, and shared the motivation behind conducting this study. We have also 

discussed the study’s aims and relevance, and provided an outline of the research questions to 

be addressed. 

Given that post-editing is an integral component of machine translation, Chapter 2 provides a 

diachronic overview of machine translation. It first traces a brief history of the use of 

computers to translate natural language, which partially explains the negative attitude among 

translators still surrounding the technology today. It then summarises the principal 

approaches to machine translation system design, which allows an appreciation of the 

resultant types of translation deficiencies that necessitate post-editing. It also discusses the 
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evaluation of machine translation output quality in greater detail, particularly from the angle 

of error classification and analysis, and translators’ attitude towards machine translation.  

Chapter 3 opens with a consideration of automatic and interactive post-editing. This serves to 

frame the focus of the present study, namely, static human post-editing. The chapter then 

reviews related human post-editing research which has informed and shaped the present 

study. It closes by summing up where and how the present research situates within the 

existing body of literature. 

Chapter 4 operationalizes the three main research questions into sub-questions and discusses 

the research design to address those questions. It recounts and justifies the integrated 

methodological approach taken in the study, not only in terms of the data collection (as in 

deploying both observation and survey research methods), but also in terms of the data 

analysis (as in analysing both numeric and textual data). Combining qualitative and 

quantitative approaches, a process referred to as triangulation, “strengthens a study” (Patton 

2002:247).  

Chapter 5 presents and discusses the findings obtained from analysing the data in response to 

the operationalized sub-questions. It interprets these findings within the framework of 

relevant previous research, where these are available and/or applicable.  

Chapter 6 concludes the thesis, where the findings/results are summarized vis-à-vis the 

overarching interests that underpinned the study. It reflects on whether and how much the 

research aims have been achieved, and the limitations as well as contributions of the study. It 

also proposes other areas for future research. 
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Chapter 2. Machine Translation Overview 

Based on the premise that post-editing (PE) is an integral and necessary component of 

machine translation (MT) workflows, a descriptive overview of MT is first included in this 

chapter to trace a historical outline of the use of computer technology to translate natural 

language. A summary of the principal approaches adopted in system architecture with their 

contingent strengths and weaknesses follows. Next, the complex area of MT output quality is 

discussed from the perspectives of evaluation and error classification, both of which are 

relevant to and impact on PE. The chapter then concludes with a consideration of translators’ 

attitude towards MT, which many view as crucial to successful deployment and adoption of 

the technology. 

2.1. Brief History 

Machine Translation systems have existed since the middle of the twentieth century. When 

MT was first introduced to the public in the 1950s, the research community on the whole saw 

it as the innovation that could, in the not-too-distant future, produce translations comparable 

to the work of experienced human translators. The seed for human translators’ antagonism 

and distrust towards MT was thus sown, as they perceived they would soon be displaced and 

replaced by the technology. Some researchers were, however, more sceptical. Among them 

was Yehoshua Bar-Hillel, the first researcher who, from 1951, had worked full-time on MT 

at the Massachusetts Institute of Technology (Hutchins 1999:20). Bar-Hillel eventually 

concluded the ambitious, yet widely pursued, goal of fully automatic high quality translation 

(FAHQT) as unreasonable and unfeasible (1960:94).  

Nevertheless, extensive and intensive MT research towards the grandiose FAHQT objective 

continued for more than a decade, without achieving any significant breakthroughs. Finally, 

the lack of noteworthy achievements led the United States National Research Council’s 

Automatic Language Processing Advisory Committee (ALPAC) to conclude that MT was 

slower, more expensive, and less accurate than human translation, with “no immediate or 

predictable prospect” of useful MT becoming available (Pierce et al. 1966:32). The ALPAC 

report effectively put an end to government funding for MT research and development in the 

United States. This meant that large-scale research activities in MT in the US ceased and 

private-funded MT research receded into the background, even though many researchers at 

the time thought that the conclusions of Pierce et al. were “biased and shortsighted” 
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(Hutchins 1995:599). However, the ALPAC report did recommend diverting resources to 

support research on finding “practical methods for evaluation of translations” (Pierce et al. 

1966:34), among others. This recommendation constituted a positive legacy, despite the 

report’s myopic view with regards to MT research, as it highlighted the need for quality 

evaluation in (machine) translation. Quality of MT output and its evaluation are discussed in 

Section 2.3.   

It was only in the mid-1970s that renewed interest in MT started to take centre stage again, 

mainly as a result of modern globalization and its impact on the ever-increasing demand for 

multilingual communication, which traditional human translation alone is unable to meet 

(ibid., Carl et al. 2015:146). In the 1980s, the resurgent interest in MT is stimulated even 

further by the arrival of more powerful computing speed and memory capacity, the 

increasingly available and affordable personal computer, as well as the rapid growth of the 

Internet and the World Wide Web (Vasconcellos and Miller 1996:1).  

Contrary to the idealistic and unattainable aim of FAHQT of the 1950s, expectations for MT 

in its renaissance are more realistic and pragmatic. The benchmark for both MT users and 

system developers has become FAUT or fully automatic useful translation (van der Meer 

2006:7). The user’s needs ultimately dictate the acceptable level of MT quality (Hutchins 

1986:330, Vasconcellos and Bostad 1992:58, Senez 1998a:291-293, Koby 2001:8). Low MT 

quality may be perfectly acceptable to some users in certain restricted circumstances, 

although high quality is still the normal expectation when the translation is meant for 

general/wider dissemination or publication.  

Furthermore, instead of replacing or rivalling human translators, MT is now positioned as a 

potentially powerful tool to enhance their productivity and efficiency, especially when it is 

used with the appropriate level of human intervention before (pre-editing) and/or after (post-

editing) the automatic translation process (Wagner 1987:72; Lehmann 1989:391; Hutchins 

2001:5; Kelly 2012:2-3). However, despite MT’s repositioning, some translators still resist 

the technology and remain reluctant to post-edit MT output (Daems et al. 2016:112). In fact, 

research has found that PE is consistently the least preferred working method compared to 

translation from scratch, regardless of gains or losses in productivity (Gaspari et al. 2014:70).  
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2.2. Principal Paradigms 

To better appreciate the kinds of deficiencies and errors different types of MT systems 

produce and so need to be post-edited, we summarise key MT system designs. The 

fundamental architecture of MT designs may be broadly grouped into rule-based and corpus-

based (also known as data-driven) approaches. The essential difference between the two 

categories lies in the component within each MT system which primarily drives the automatic 

translation or conversion process (Hutchins 2005:65-66). In the case of rule-based systems, 

the conversion process predominantly follows a hierarchy of linguistic rules and uses 

extensive bilingual dictionaries for any given language pair. In the case of the corpus-based 

approach, the process relies on a corpus (or corpora) of aligned source and target segments 

(strings of words which can be phrases, clauses or sentences). In addition, monolingual data 

also plays a key role in MT systems that work on probabilities. More recently, another data-

driven approach which uses neural networks has been attracting considerable attention within 

the MT community. A typology of the main design paradigms for MT systems is shown in 

Figure 2.1 which is explained in Sections 2.2.1 and 2.2.2. 

 

Figure 2.1. Typology of MT system architecture  

2.2.1. Rule-based Machine Translation 

Rule-based machine translation (RBMT) is considered the traditional or “classical” (Hassan 

and Darwish 2014:200) paradigm in automatic translation, as linguistic rules made up the 

processing framework for the first prototypes in the 1950s which demonstrated the technical 

feasibility of MT (Hutchins 1986:70). The best-known example of the RBMT approach is 

arguably SYSTRAN
9
, the system which the European Commission has used since 1976 

                                                           
9
 Since 2009, SYSTRAN has incorporated statistical techniques into its rule-based linguistic technology and has 

been offering a hybrid RBMT + SMT solution to customers. In December 2010, its longstanding relationship 
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(Senez 1998b, unpaginated). RBMT designs are further sub-classified into direct and indirect 

approaches, with the earliest systems being based on the former.  

In the direct approach, a large set of linguistic rules (specific to each language of the pair in 

question, and which covers morphological, grammatical, syntactical and semantic aspects) 

guides the direct mapping of source language segments practically word-for-word into the 

corresponding items from the target language lexicon (Nirenburg 1989:5). In this manner, the 

direct approach produces a target segment that is a literal translation of the source segment, 

often unsatisfactory in terms of appropriateness and idiomaticity in the target language 

(Hutchins 2005:64). Moreover, the linguistic rules and knowledge for one particular pair of 

languages are not usually extendible to another pair. For each new or additional language, a 

completely new set of rules has to be written. 

Subsequently, linguistically more advanced models using an indirect approach emerged 

(Hutchins 1986:175). MT designs adopting the indirect approach can be further sub-divided 

into transfer and interlingua systems. In transfer systems, the initial step involves varying 

degrees of syntactic and semantic analysis of source sentences, independent of the target 

language. Next, linguistic rules facilitate the substitution of source language lexical units with 

the appropriate target language lexical units, which are then regenerated as target sentences 

conforming to target language norms. Here, with the linguistic knowledge derived from the 

initial source text analysis, the context in which meaning is transferred gets some level of 

consideration. The treatment is therefore more than just a straightforward word-for-word 

substitution as we saw in the direct approach. Consequently, translated texts produced by 

transfer systems tend to be less ‘unnatural’ in the target language than the direct approach. 

Also, it is comparatively easier and less effort-intensive to extend the model to cover more 

language pairs (ibid.), since source text analysis is not associated with a particular target 

language. 

With an interlingua system, the underlying concept is that all languages share a deep-

structure universal representation, despite the many superficial semantic and syntactic 

differences observed among them (ibid.:176). The notion of a shared intermediary among all 

languages has led researchers to develop so-called interlinguas, abstract representations for 

the meanings and communicative intentions of languages (Dorr et al. 2006:384). During 

                                                                                                                                                                                     
with the European Commission ended. In 2016, SYSTRAN launched its Pure Neural MT engine, claiming that it 
revolutionises the MT market (http://www.systransoft.com/systran). 

http://www.systransoft.com/systran
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translation in an interlingua model, the analysis of the source language and the understanding 

of the meaning of source segments is typically the deepest among RBMT approaches. The 

information within a sentence or text is conveyed through the interlingua which, being the 

language-neutral communicative conduit, simultaneously represents both the source and 

target languages. Since an interlingua system is language independent, compiling an 

extensive bilingual dictionary as the primary lexical reference becomes, hypothetically, 

unnecessary. Theoretically, there is also the great potential to easily extend the system across 

multiple languages. To date, however, the interlingua approach has limited applicability in 

practice, as defining and building the system of abstract representations and notations of an 

artificial language (shared by both the source and target languages) are both complex and 

difficult (ibid.:386), with the actual effort required outweighing potential benefits (Isabelle 

and Foster 2006:412). 

2.2.2. Corpus-based Machine Translation 

In comparison, corpus-based (or data-driven) machine translation is a more recent 

phenomenon, with active research starting only from the mid to late 1980s onwards. 

Nevertheless, the basic conceptual platform for data-driven MT has been suggested decades 

earlier. Warren Weaver had proposed, in 1949, that a computer could be used to produce a 

correct translation with a particular probability at a stated confidence level by employing the 

frequencies of letters, words or phrases occurring within a defined vocabulary or corpus 

(1955:16-22).  

Corpus-based designs may be broadly categorized as example-based machine translation 

(EBMT), statistical machine translation (SMT) and, most recently, neural machine translation 

(NMT). The distinction between EBMT and SMT is whether the target segment or translation 

unit is selected from within the bilingual corpus by comparing examples (Nagao 1984:178-

179) or by statistical means (Brown et al. 1990:79-82). In the case of NMT, target segments 

are obtained using a “completely different computational approach” (Forcada 2017:292) — 

through artificial neural networks — although system training is still based on corpora, hence 

the dotted line connection shown in Figure 2.1. 

EBMT systems, which Nagao describes as “machine translation by the analogy principle” 

(1984:179), typically do not involve detailed analysis of source sentences. Instead, they rely 

on databases of existing translation examples. During translation, input segments or 

“fragmental phrases” (ibid.) — short fragments or chunks of the source sentences — are 
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matched against target language segments in the database. Suitable candidate segments are 

then extracted and “recombined in an analogical manner to determine the correct translation” 

(Somers 2003:4). As the EBMT paradigm does not require painstaking compilation of 

extensive linguistic rules, it is considered to be particularly useful for languages that are 

structurally very different from one another, which in Nagao’s case are English and Japanese. 

With regards to SMT (which, like EBMT, does not analyse source sentences), translations are 

generated by applying mathematical principles of probability and statistics. Simply put, a 

standard SMT system consists of three components: a translation model, a language model, 

and a decoding algorithm or decoder (Brown et al. 1990:80; Knight and Koehn 2003:4; 

Bungum and Gambäck 2011:2). The translation model is a bilingual corpus of aligned source 

and target language strings (words or phrases), and the language model comprises a 

monolingual target language corpus. During translation, statistical analyses determine how 

likely a target language string is the translation of a source language string, and how 

frequently words in the target language string occur together in a particular order. The 

decoding algorithm then reiteratively searches the corpora and finds the most likely target 

language candidate for the given source language string, as determined by the combined 

statistical parameters from the translation and language models.  

The other difference between SMT and the rule-based paradigm is that it is designed to 

automatically discover the rules of translation from the translation process and “learn from 

the statistics over the data” (Koehn 2010a:xi). In other words, re-trained SMT is capable of 

self-learning, and improves with usage. The most common examples of SMT systems are the 

free, general-purpose engines Google Translate and Bing Translator
10

. Within the MT 

research community, though, the SMT system that until very recently commanded the highest 

level of awareness is probably the open source toolkit MOSES (Koehn et al. 2007). 

The latest challenger for dominance in the realm of MT is NMT, which by most accounts 

produces output of better quality than those from the more established SMT paradigm. It has 

rapidly gained prominence within the last 2-3 years and is currently considered the state of 

the art by many, both in academia and industry. The keystone of NMT is the neural network, 

a “machine learning technique that takes a number of inputs and predicts outputs” (Koehn 

2017:6) in a sequence model, as opposed to the translation and language models in SMT. In 

                                                           
10

 In 2016, both Google and Microsoft have launched their respective NMT engines to progressively replace 
their SMT technology. 
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other words, it functions like a predictive text completion device (Forcada 2017:296) — for 

each word from the source sentence, the most likely output word is predicted as the target 

sentence is being constructed — predicated upon the NMT system being adequately trained 

beforehand. Since NMT systems are trained on real language data (like those in the bilingual 

translation and monolingual language models in SMT systems), the target language output 

tends to be stylistically natural. However, this fluency simultaneously poses a potential threat 

to output quality as data contamination can more easily go unnoticed.  

Another downside is that massive corpora are required to adequately train NMT systems, no 

less than with SMT ones and even more so in some cases, if NMT were to outperform SMT 

in BLEU scores (Koehn 2017:94). Training time is also longer and specialized high-powered 

hardware, with its associated costs, is required. In addition, pinpointing the exact location of 

the source of translation errors in NMT in order to rectify them is more difficult (Forcada 

2017:301) in the maze of multiple layers of embedded and hidden neural units or neurons that 

are connected and interconnected to form the neural network.        

2.2.3. Towards Hybridization and Beyond 

It may be surmised from the above review on MT system architecture that, currently, no MT 

approach on its own appears to offer a complete solution that fits all situations. The principal 

MT paradigms so far all come with inherent benefits and challenges and, as such, are better 

suited for some applications and languages than others. While the meticulous crafting of 

linguistic rules and compiling bilingual dictionaries in RBMT systems is resource-intensive, 

they do not require ‘big data’ to train the translation engine as do SMT and NMT systems. 

The lack of suitable corpora poses a considerable challenge for MT of many low-resourced 

languages and fields of study, where there are no or little parallel corpora readily available for 

deployment in research or training.  

By the same token, extending a rule-based system to cover new languages is more 

cumbersome than a corpus-based one (provided, of course, a suitable corpus is available); but 

once the linguistic rules and thesauri are in place, aspects like word order, syntax, 

grammatical structure and semantics are not left to probability and frequency. Moreover, 

while corpus-based approaches tend to yield more fluent translations, they also tend to fall 

short when the length of source strings to be translated increases, due to an absence of 

linguistic grounding and knowledge. Another potential pitfall is that the more fluent output 

from corpus-based systems, particularly NMT, may lull post-editors into a ‘false sense of 
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security’ to accept target texts that read so naturally without first checking that they actually 

convey the meaning of the source texts.     

In reality, the separation between the various MT system designs is oftentimes fuzzy, as 

system characteristics do frequently overlap in practice. Moreover, it is becoming 

increasingly difficult to very neatly categorize MT systems under one category or another, as 

researchers and developers continue their efforts to design hybrid MT systems that strive to 

incorporate the features and advantages of both rule-based and corpus-based paradigms (e.g., 

Groves and Way 2005, Dugast et al. 2007, Chen and Eisele 2010, Freitag et al. 2014). The 

interesting question, as Frederking poses, is how best to combine linguistics and statistics 

(2007:18), and now potentially with machine learning and even artificial intelligence too. As 

Koehn writes in one of his blogposts (2016), once the “hype” associated with the exciting and 

promising new technology settles, the realistic approach defaults back to critically assessing 

the respective advantages and disadvantages of different paradigms in the light of each 

different user case, to emerge with the most appropriate form for the application in question.  

One of the ultimate aims of such research and effort is towards raising the quality of raw 

translations derived from MT systems, so that the amount of subsequent post-editing 

improvements needed to bring the computer-generated translation up to users’ quality 

expectations is minimized. In commercial terms, this reduction in post-MT refinement 

potentially means faster turnaround times, higher efficiency and better profitability/earnings 

for the business, be it big or small, enterprise or freelance.       

2.3. Quality in Machine Translation 

The quality of raw MT influences the amount of post-editing required to bring a given text to 

a given final quality level (Fiederer and O’Brien 2009:69, TAUS/CNGL 2010:3, Koehn and 

Germann 2014:45). For the translation industry, the quality of computer-generated 

translations is a particularly significant aspect as it is a prerequisite for the efficient adoption 

of MT in any business model (Aranberri and Choudhury 2012:3). It is widely held that the 

“closer a machine translation is to a professional human translation, the better it is” 

(Papineni et al. 2002:311, emphasis in original). While significant improvements have been 

made in MT quality, achieving high human-like translation quality has been the biggest 

challenge for MT developers and researchers (Font Llitjós and Carbonell 2006:1). “How to 

properly evaluate machine translation quality is still an open problem” (Koehn 2010b:540), 
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with researchers describing it as complex (Banerjee and Lavie 2005:65), difficult (Yu 

1993:117; Avramidis et al. 2012:1127), variable, diverse and with many limitations (Doherty 

2017:131). In fact, it is difficult to define the concept of quality itself (Guerberof 2017:188).  

2.3.1. Quality Evaluation 

The complexity and variability of evaluating quality of MT may be due, in part, to its multi-

faceted nature. When assessing MT quality, numerous aspects may have to be taken into 

consideration (cf. Flanagan 2009:63-64) whether individually or in various combinations, 

depending on the objective(s) of the exercise. These aspects include, but are not necessarily 

limited to: quality by whose standards, for example, the translator’s, the evaluator’s, or the 

user’s; which standards, as there are usually several correct translations of one source 

sentence; what criteria, for instance, completeness, accuracy, adequacy, fluency, readability, 

idiomaticity, usability; how quality is measured, such as assessing the product, the process, 

the fit for intended purpose, the cost-to-benefits considerations; what the purpose of the 

evaluation is, whether to compare performance of different MT systems, to test how a system 

has improved, or to determine how MT quality impacts humans; and the list goes on.  

It was suggested more than three decades ago that the primary motivation in adopting any 

quality evaluation model should be “whether the MT output is satisfactory for its intended 

use (revised or not) and whether the operation is cost-effective” (Hutchins 1986:330). In 

contemporary times, an argument along similar lines has been put forward, calling for 

consideration and comparison of the strengths and weaknesses of translation quality models 

even though each may have its “combination of criticisms” (Drugan 2013:126). This 

comparative and evaluative approach to quality models allows the most appropriate one to be 

selected for a given translation scenario (ibid.).   

2.3.1.1. Human Evaluation 

Since humans are the most likely consumers of the final translated texts, it follows that they 

are ideally the best judges of MT output quality (Sanders et al. 2011:751). The methods 

human evaluators use to assess MT quality include rating the MT sentences on a multi-point 

scale, ranking them against each other from best to worst or vice versa, or counting how 

many errors they contain based on pre-determined error types. The two key criteria most 

commonly used in manual assessment of MT output quality are: accuracy, that is, how 

accurately and completely the message in the source text is transmitted in the target text; and 
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fluency, that is, how grammatically well-formed the output text is and how naturally it reads 

in the target language (Ma and Cieri 2006:862-863, Forcada 2010:221, Aranberri and 

Choudhury 2012:16-17, Burchardt, Lommel and Popović 2013:23-26, Doherty 2017:133). 

Moreover, comments and notes human evaluators make during the manual assessment 

process provide rich and valuable linguistic information about MT errors that may be used to 

improve MT systems.     

Yet, considering the speed at which MT systems are capable of translating and the volume of 

output that can be generated in any given time, it is impractical to expect humans to evaluate 

the same volume of MT output within the same time frame. This represents a serious 

bottleneck that restricts and constricts the rate of progress and development of MT systems. 

Besides, human assessment of MT quality is prone to subjectivity and hence often lacks 

consistency, and usually involves considerable time and money (Papineni et al. 2002:311, 

Aranberri and Choudhury 2012:3). The financial implications of paying a large number of 

bilingual professionals to manually assess raw output generated by MT systems on a large 

scale can be prohibitive, even if it were feasible.  

Of late, the massive online phenomenon of crowdsourcing has been tested in the MT context 

as a low-cost alternative to paying translation professionals to evaluate MT output (e.g., 

Callison-Burch 2009, Bentivogli et al. 2011, Paul et al. 2012, Graham et al. 2013, Goto et al. 

2014). Crowdsourcing works through an open call to ordinary everyday people as potentially 

cheap workers to carry out some specific task (Howe 2006). It is essentially having “open 

tasks distributed among a large number of unspecified Internet users” (O’Hagan 2016:932), 

often for little or no pay. One example of such a diverse online market place related to the 

idea of crowdsourcing, where buyers and providers of web-based labour ‘meet’ and transact 

business, is Amazon’s Mechanical Turk (AMT). 

Overall, research findings with regards to crowdsourced MT evaluation are reportedly 

encouraging (Paul et al. 2012). The financial costs involved were indeed lower, and the 

combined evaluations by a large number of non-experts from crowds on the Internet were 

found to correlate reasonably well with the judgements of experts (i.e., the bilingual 

professionals) (Callison-Burch 2009). In some cases, evaluation by crowdsourced non-

experts correlated better with expert assessment than automatic metrics do (Bentivogli et al. 

2011:528). Automatic evaluation of MT is discussed further in Section 2.3.1.2. Paul et al. 

(2012) report that employing a sizeable crowd-based untrained workforce to carry out MT 
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evaluation tasks at much reduced costs without sacrificing evaluation quality is feasible, 

provided the right control measures are in place. One such measure is locale restriction; in 

other words, only submissions or inputs from workers (i.e., contributors to the crowdsourced 

task) in specific locations where the target language is the official language are accepted in 

order to maximise the involvement of native speakers in the task. Another measure is the 

identification of “trusted workers” (ibid.:232) who, from among the crowds, have passed 

quality tests seeded in the texts to be evaluated, and to accept and pay for submissions from 

only these trusted contributors.  

While such control measures may have helped to ensure quality in the study carried out by 

Paul et al. (ibid.), crowdsourcing poses challenges. Moreover, these measures may not be the 

most efficient, timewise. Depending on language combination and the size of the job, the 

time needed to accumulate sufficient submissions by a large enough number of locale-

specific trusted workers from among crowds of Internet users may not be readily controllable. 

For less common languages or very large tasks, it could in theory take months to complete a 

crowdsourced job. From an operational standpoint, seamlessly managing/coordinating a large 

or large enough number of anonymous workers or contributors can be challenging, and 

instituting and executing effective quality control across a multitude of inputs remains a 

major concern (Aikawa et al. 2012:5), as the “quality of workers in crowdsourcing is 

generally not guaranteed” (Goto et al. 2014:3456).            

Questions about the risks and ethics of crowdsourcing have been raised by some authors. 

There is always the potential for exploiting the faceless workforce, whether by job requesters 

(i.e., parties who post the open tasks on the Internet) who too readily reject submissions, or 

by paying workers at rates which are significantly below minimum wage (Graham et al. 

2013:20-21). Businesses can unethically use this avenue to exploit free or cheap labour to 

increase profits, while qualified professionals are deprived of their source of income because 

they are unable to compete with the low crowd rates (European Commission 2012:5). At the 

same time, job requesters themselves are also at risk of being ‘cheated’ by “aggressive 

optimizers” who, under the cloak of anonymity accorded by the Internet, attempt to earn 

payments without actually doing the work (Graham et al. 2013:21, emphasis in original), for 

example, cheats who submit translations derived from online MT as their own human-

translated work.          
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2.3.1.2. Automatic Evaluation 

In view of the challenges posed by manual evaluation despite its benefits, MT researchers 

have been developing and are continuing to develop faster and cheaper yet consistent means 

to automatically evaluate MT output quality, as well as to improve the means already 

developed, even before the advent of the crowdsourcing phenomenon. In order to be of 

practical relevance, though, automatic evaluation results have to correlate well with human 

judgement of translation quality (Dorr, Snover et al. 2011:746-747). As such, automatic 

evaluation measurements, often referred to as metrics, are themselves subject to being 

assessed for quality, with human judgement used as the benchmark for their goodness 

(Snover et al. 2009:259, Sanders et al. 2011:752).   

Fundamentally, an automatic evaluation metric (AEM) calculates the degree of textual 

similarity between the MT output and another translation acting as reference. The comparison 

may be against one reference or against multiple references. The reference(s) used can be 

human translations from scratch, MT output post-edited by humans, or previous translations 

already stored within a corpus or database such as a translation memory.  

Some metrics evaluate by matching common words existing in the MT output (also referred 

to as hypothesis or candidate translation) and the reference. The basic unit of comparison 

may be one word (unigram), or strings of words of differing lengths (n-grams, where n stands 

for the number two or greater). The most widely used examples of this group of AEMs are 

BLEU or Bilingual Evaluation Understudy (Papineni et al. 2002), and NIST or National 

Institute of Standards and Technology metric (Doddington 2002). BLEU matches n-grams 

from several reference translations and has been shown to correlate well with human 

judgements on the document or corpus level (Duh 2008:191). Although some sources 

question BLEU’s lack of correlation with human evaluation and criticise the MT community 

for its over-reliance on the metric (Callison-Burch et al. 2006:249), it nevertheless remains 

the most popular metric for automatic evaluation of MT quality (Doherty 2017:134, Vashee 

2017). NIST is based on BLEU methodology, but assigns a higher weighting for less 

common or more informative n-grams.        

Other AEMs consider unigrams and also take into account recall, in addition to precision (as 

in the case of AEMs like BLEU and NIST). Recall is the number of correct words in the MT 

output expressed as a percentage of the reference translation length (correct words divided by 

reference length), while precision is the number of correct words in the MT output expressed 
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as a percentage of its own length (correct words divided by output length). Examples of this 

second group of AEMs include METEOR or Metric for Evaluation of Translation with 

Explicit Ordering (Banerjee and Lavie 2005) and GTM or General Text Matcher (Turian et 

al. 2003). In computing the quality score, METEOR rewards unigrams that are “well-

ordered” (Banerjee and Lavie 2005:65). With GTM, the composite harmonic mean (the 

reciprocal of the average of the reciprocals of a set of numbers) of the scores is taken into 

consideration, over and above recall and precision.     

Yet other AEMs compare the similarity between sequences or strings of words by 

determining how many changes (or steps or operations) are needed to transform one sequence 

into an exact match of the other. In other words, this type of metrics measures ‘edit distance’. 

Formally known as the Levenshtein distance, named after the scientist who devised the 

algorithm (1966), it is a character-based metric to determine the minimum number of 

character deletions, insertions and substitutions required to transform one word into an exact 

match of another.  

Closely related to the edit distance concept are metrics that use edit rates (the number of 

substitutions + deletions + insertions needed, divided by the number of words in the string or 

segment) to compute the difference between the hypothesis and the reference translation(s) as 

the measure of goodness, or lack thereof. An example is TER or Translation Edit Rate 

(Snover et al. 2006), which is the minimum number of edits needed to change an MT output 

so that it textually matches the closest reference in the set of references used (i.e., the 

reference needing the least number of edits), normalised by the average length of all the 

references (or the minimum number of edits required divided by the average number of 

words in all the references). Meanwhile, HTER or Human-targeted Translation Edit Rate is a 

TER matched against a new target language reference created by a human annotator from the 

closest reference. This newly created reference, or segment, reads fluently in the target 

language and is a semantically correct translation of the source segment. Therefore, the less 

different the hypothesis translation is from this new reference, the more human-like it is. 

Snover et al. claim that HTER achieves a higher correlation with human judgement of MT 

quality than BLEU (ibid.:223). 
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2.3.1.3. Evaluation Frameworks 

The section discusses MT quality assessment from a more macro perspective. It examines 

MT quality assessment frameworks that are currently applicable within the translation 

industry
11

 and generally adopted by the wider MT research and user community.  

Acknowledging that any static one-size-fits-all model to automatically evaluate or calculate 

MT output quality is not the most useful or applicable, the Translation Automation User 

Society (TAUS
12

) launched a Dynamic Quality Framework (DQF) in 2012. The DQF seeks 

to improve the state-of-the-art for MT evaluation in specific contexts and provides a platform 

to share MT evaluation best practices across the industry. TAUS maintains that the strength 

of the DQF lies in its adaptability — the evaluator or evaluating entity is able to select 

evaluation parameters and assign thresholds and penalties to particular types of errors or 

problems to best suit their own evaluation needs. In other words, the “framework allows users 

to profile their content and receive guidance on best-fit evaluation techniques” (Aranberri and 

Choudhury 2012:3). The main translation-specific evaluation criteria in the DQF error 

typology
13

 are language, terminology, accuracy, and style.  

Meanwhile, the European Union (EU) funded a 2-year project (2012-2014) known as Quality 

Translation LaunchPad (QTLaunchPad) to assemble resources, in terms of data and tools, in 

preparation for a large-scale collaborative research effort in “breaking the quality barriers in 

MT” (European Commission 2014). Some of the expressed aims of the QTLaunchPad 

project, such as the sharing of data among stakeholders and development of a flexible 

translation quality evaluation framework, appear similar to those of TAUS and their DQF.  

One of the deliverables of QTLaunchPad is the Multidimensional Quality Metrics (MQM), 

an evaluation system based on a hierarchy of types of errors and problems (collectively 

refered to as “issues”) one might encounter when assessing quality of translated texts 

produced by MT as well as human translation (Lommel, Uszkoreit and Burchardt 2014:458). 

                                                           
11

 The American Translators Association (ATA) uses a comprehensive error classification framework to assess 
the translation quality of professional translators sitting for the ATA’s certification examinations. As the ATA 
Framework for Standardized Error Marking covers human translation, not MT, it is not included for discussion 
in this thesis. (https://www.atanet.org/certification/aboutexams_error.php)  
12

 TAUS, an organisation based in the Netherlands, positions itself as the translation industry’s innovation think 
tank and shared platform for community collaboration, data pooling and quality evaluation. At the time of 
writing, its members include Amazon, Google, Microsoft, Dublin City University, Carnegie Mellon University, 
Johns Hopkins University, WeLocalize, Lionbridge, KantanMT. (https://www.taus.net/) 
13

 The TAUS DQF error typology is available from https://www.taus.net/knowledgebase/index.php?title=Error-
typology_based_evaluation#Error_typology_in_DQF (visited 29.03.2018) 

https://www.atanet.org/certification/aboutexams_error.php
https://www.taus.net/
https://www.taus.net/knowledgebase/index.php?title=Error-typology_based_evaluation%23Error_typology_in_DQF%20
https://www.taus.net/knowledgebase/index.php?title=Error-typology_based_evaluation%23Error_typology_in_DQF%20
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The core types of issues defined in the overall MQM model are accuracy, fluency, 

terminology, style, design, verity, and locale convention. In fact, for translation quality 

assessment tasks, it is recommended that the two core issue types of accuracy and fluency be 

assessed, even if none of the others are included or required (Lommel, Burchardt and 

Uszkoreit 2015). This recommendation brings to mind the earlier effort by the University of 

Pennsylvania’s Linguistic Data Consortium (Huang et al. 2003) evaluating Chinese-English 

translation of news reports using just these two criteria. It is further reminiscent of a prescient 

comment made almost seven decades ago about the main purpose of post-editing in MT by 

Bar-Hillel, who stated: “The main business of the post-editor would be elimination of 

semantical ambiguities, in addition, of course, to stylistic smoothing” (1951:230).   

Potentially, the two separately developed evaluation frameworks DQF and MQM are 

complementary and synergistic. As such, one of the first activities of the EU’s Quality 

Translation 21 project (QT21)
14

 in 2015 was to unify and harmonise the two. Reportedly, the 

MQM-DQF unified error annotation framework produced from QT21 has gained traction in 

the translation industry, with some large language service providers integrating the 

harmonised paradigm into their evaluation platform (European Commission 2016). Figure 2.2 

depicts the MQM-DQF compatible metric for MT evaluation (Lommel, Burchardt, Görög et 

al. 2015:16). The four top-level issue types listed are accuracy, fluency, locale convention 

and terminology, with more granular issue types also defined for accuracy (e.g., addition, 

mistranslation) and fluency (e.g., grammar, spelling).  

 

Figure 2.2. QT21 metric for MT evaluation (MQM-DQF compatible) 

                                                           
14

 Following on from QTLaunchPad, QT21 is a currently ongoing project (2015-2018) also funded by the EU. Its 
objective is to achieve a European Digital Single Market, free of (language) barriers, as part of the Horizon 
2020 initiative. (http://www.qt21.eu/) 

http://www.qt21.eu/
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2.3.2. Error Analysis 

In the early years of the revival of MT research, an error in a machine-translated text was 

defined as “any feature of the translation which causes the posteditor to put pen to paper” 

(Green 1982:101), as post-editors worked on hard copies of machine-translated texts, and 

their annotations and changes were subsequently keyed in on a word processor. In a more 

contemporary sense, an error is any issue in a (machine-) translated text that “either does not 

correspond to the source or is considered incorrect in the target language” (Burchardt, 

Lommel and Popović 2013:19). Some authors have labelled the identification and 

classification of individual errors in a machine translated text as “error analysis” (Stymne and 

Ahrenberg 2012:1785). An appreciation of how, and what types of, errors arise during 

automatic translation has been provided in the introduction to MT system architecture in 

Section 2.2. It shows that target language candidates of source language input derived from 

real language data in corpus-based MT tend to be more stylistically natural than those 

generated by rule-based systems. However, there are occasions when the most frequent 

translation may not be the most appropriate or correct one, leading to problems (i.e., 

translation errors) of incomplete and/or incorrect transfer of meaning.  

The translation community places considerable importance on annotation and classification 

of errors in evaluating MT quality, given the profound effect MT quality has on the viability 

of machine translation itself. One predominant stimulus for research in this area comes from 

the need to meet strategic requirements of the European Union (EU), as the multilingual 

policy of that institution provides that all legislative texts are available to all EU citizens in all 

official EU languages
15

. The sheer volume of required translation has driven the use of and 

research into MT for many years. Apart from the joint MQM-DQF effort (Figure 2.2), other 

typologies have been proposed for MT error analysis (e.g., Flanagan 1994, Font Llitjós et al. 

2005, Dugast et al. 2007, Farrús et al. 2010, Mesa-Lao 2013, Daems et al. 2014, Costa et al. 

2015). Much of the research effort on MT error analysis research is directed towards system 

performance and improvement, though it has also been used as an avenue to investigate post-

editing and PE effort, an area we will return to later in Chapter 3.    

In view of the abovementioned Euro-centric motivation, it is not entirely unexpected that the 

vast majority of published research on MT error analysis to date has focused mainly on 

European language pairs, with English featuring prominently as one in the pair in most cases 

                                                           
15

 The number of official EU languages currently stands at 24. (http://ec.europa.eu/education/official-
languages-eu_en visited 09.06.2018)  

http://ec.europa.eu/education/official-languages-eu_en%20visited%2009.06.2018
http://ec.europa.eu/education/official-languages-eu_en%20visited%2009.06.2018


 

29 
 

(Vieira 2016a:193). In comparison, similar research between grammatically distant and 

typographically unrelated languages such as Chinese and English, have been few and far 

between. Among the relatively sparse MT error analysis studies where the Chinese-English 

pair (the language combination of direct relevance for the present study) has been included, 

or featured, are those conducted by Vilar et al. (2006), Chang-Meadows (2008), Hsu (2014), 

and Tsai (2017). Among these, the studies of Hsu and Tsai are based on machine-translated 

abstracts and titles of patents, a genre considered as relatively MT-friendly and also the text 

type used in the present study. The motivation for its choice is provided in Section 4.4.1. A 

comparison of the error categories specified in the typologies adopted by a sample of both 

groups of researchers (i.e., those who have included Chinese as one of the investigated 

languages and those who have not) is shown in Table 2.1 with entries arranged by year of 

publication. 

 

Table 2.1. Comparison of MT error typologies from previous studies 

Vilar et al. Farrús et al. Mesa-Lao Hsu Costa et al. Tsai

2006* 2010 2013 2014* 2015 2017*

Semantically oriented

missing word P

extra word P

lexical P P P P

additions & omissions P

incorrect word P

semantic P P P P

Syntactically oriented

wrong word order P

syntactic P P P P

Grammatically & 

orthographically oriented

morphological P P P

grammar P

grammar & spelling P

orthographic P P P P

punctuation & style P

Others

named entity P

terminological P

discourse P

Note: *study which includes Chinese as a/the source language

Researcher(s) / Year

MT error categories 

specified
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The MT error categories defined in the previous studies and listed in the table are all at a 

coarse level of granularity. In spite of that, considerable diversity can still be seen in the way 

categories are named, presumably in keeping with the investigative purpose(s) and the 

research question(s) to be answered in each study. Nevertheless, in many cases, when one 

drills down to the actual errors each category encompasses, there is a general level of 

uniformity as regards what are included. 

For example, MT error categories which previous studies have specified such as missing 

word, extra word, lexical, and so on may be seen as semantically oriented, in other words, 

errors concerned with the correspondence of meaning between source and target. For 

syntactically oriented error categories, all studies apart from one have specified them as either 

wrong word order or syntactic issues. The exception is Costa et al., working from English 

to European Portuguese, who do not specify a word-order error category, but actually 

combine “misordering” errors under their grammar category (2015:139). With spelling 

errors, four studies have placed them under the orthographic category, while Vilar et al. do 

not provide for spelling errors in their typology, and Mesa-Lao has named spelling errors as 

such but group them together with grammar errors under the joint category of grammar & 

spelling. The unique error categories in the table are named entity (Vilar et al. 2006) to cater 

for proper nouns in Chinese, Mesa-Lao’s (2013) terminological category (a holdall for 

wrong word forms and mistranslations), and discourse (Costa et al. 2015) which includes 

issues where text should not have been translated, language or dialectal variations, and style. 

Mesa-Lao (2013) is the other paper here which takes style errors into consideration, grouping 

such errors together with punctuation problems under the category punctuation & style. 

Overall, it may be said that despite the need to create a few truly unique labels to categorize 

some language-specific MT errors, the most common errors MT researchers have classified 

by and large fall under either the semantics-related branch focusing on accuracy and concerns 

correspondence between source and target languages, or syntax-related branch stressing 

fluency and concerns target language usage and grammar. This apparent dichotomy has 

prompted sources like Pal et al. to state, perhaps somewhat over-simplistically, that “MT 

systems primarily make two types of errors – lexical and reordering errors” (2016:281). 

However, there is some evidence to suggest that frequency of certain types of MT errors are 

more language-pair dependent, for example, word order for Chinese and English (Vilar et al. 

2006:702) or syntax and phrasal order differences for English and German (Mitchell 

2015a:69-70). In the present thesis, therefore, our discussion will emphasize PE studies 
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which have been carried out in the Chinese-to-English (ZH-EN) direction, insofar as such 

literature is available and relevant. 

2.4. Attitude towards Machine Translation 

Before leaving the overview on MT, we elaborate on a key point mentioned earlier: the 

attitude of translators/post-editors to MT. Numerous authors have acknowledged, in more 

ways than one, the impact a positive attitude towards machine translation has on its 

successful deployment or adoption, which implicitly includes high quality post-editing. Some 

have mentioned this impact as a part of their reflections on a wider or different, but related, 

topic (e.g., de Almeida 2013, Mitchell 2015b). Others have provided relatively more 

commentary; but one who has dedicated the entire (albeit short) article to the attitudes of 

translators, trainers and industry towards MT is Meijer (1993).  

Reporting on a survey conducted as part of the preparations to write an introductory book on 

MT over two decades ago, Meijer (1993) offers insights into the history of the distrust and 

disdain many translators (still) have for MT, the awareness and understanding of the 

technology (at the time), the user-experience of and reactions from those who have 

adopted/used it, and the aspirations of those who have yet to. From the respondents’ mixed 

responses to most of the items in Meijer’s questionnaire, she concludes that MT may be 

looked upon both as an enemy and a friend depending on the circumstances (e.g., the system 

used, the output quality) in which MT is introduced in the workflow.  

The historical basis for much of the antagonism professional translators felt and feel towards 

MT stems, in part, from fear over the loss of their means of livelihood (Hutchins 1995:90) or 

at least a curtailment of their income, given that MT was positioned with such sweeping 

‘vision’ at the beginning as a technological breakthrough to replace human translators 

entirely (Marshman 2014:383). This anxiety over technological advance being a “threat for 

the profession” lingers even nowadays with some translators (Zaretskaya et al. 2018:38). 

Coupled with such misgivings, many translators dislike revising poor quality MT output, as 

they loathe feeling subservient to a machine (Hutchins 1995:91). Green even introduces the 

phrase “coefficient of annoyance” (1982:103) to refer to the irritation translators/post-editors 

feel in having to correct unhuman-like, and often repetitive, MT errors.  

Moreover, improvements in output quality from data-driven statistical MT systems may well 

have reinforced the sense of unease and alienation among practitioners, as encapsulated in 
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what Austermühl calls the fight-or-flight dilemma confronting some of them (2011:13). To 

add insult to injury, the role of human translators in the “creation of parallel data [to feed 

such SMT systems] is often obscured” (Kenny 2010/2011:130), leaving them feeling more 

dehumanized and marginalized than ever. A similar frustration about being “devalued” as 

professionals is expressed by translators participating in a focus group study conducted by 

Cadwell et al. (2018:313) which investigates their adoption, or otherwise, of MT. Finally, 

with the most recent developments in the form of neural MT and its scope for greater success 

(in terms of better output quality) than all previous MT approaches, the sense of trepidation in 

those translators who fear being displaced by the machine is likely to be amplified. In 

contrast, adopters of MT are likely to welcome the new developments and the potential for 

improving quality with anticipation.         

Articles that have touched on the impact of negativity towards MT include Starlander and 

Estrella (2011), and Lange and Bennett (2000), both of which report on real user-case 

experience. The former case discusses, in part, the evaluation of output from a RBMT system 

customized for a specific medical domain using both human evaluators and automatic 

metrics. The authors observe that, among the evaluators, translators exhibit a tendency to rate 

the MT output more severely than non-linguists, as translators had difficulties in taking “a 

certain distance with grammar and style issues in order to focus solely on the meaning” 

(Starlander and Estrella 2011:86).  

The latter case relates to the adoption of MT in an enterprise, where traditional translators are 

transitioned to post-editors. Managers of the company find that, in general, a translator’s PE 

productivity can be predicted “by gauging his or her attitude towards MT” (Lange and 

Bennett 2000:209). A very negative attitude can result in the post-editing of MT output 

taking longer than manual translation and, not surprisingly, those translators who remain 

resistant to the technology being introduced gained nothing from it. This underscores the 

importance of a positive attitude on the part of the translators to the success of the MT 

project. 

That being said, Lange and Bennett also point out in their paper that, with proper individual 

training on the translation technology, translators’ motivation (and presumably their 

productivity) increased dramatically. The key (or at least one of them), then, is whether 

translators are willing to see and use MT as a tool to assist them in their work. In fact, years 

earlier, having a positive attitude towards the capabilities of MT has already been mentioned 
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in another user case as a prerequisite to the successful enlisting of human translators as post-

editors (Vasconcellos and León 1985:135). A positive attitude to MT is also highlighted as 

one of the essential attributes required of a post-editor that is not usually demanded of a 

translator (O’Brien 2002:102).       

Two of the most recent pieces of published research which include a consideration of 

translators’ attitude towards MT are Läubli and Orrega-Carmona (2017) and Cadwell et al. 

(2018).  Läubli and Orrega-Carmona analyse some 13,000 posts and tweets on social media 

to understand what translators think about MT, and conclude that “negative perceptions 

outweigh positive ones” (2017:59). That notwithstanding, their results simultaneously 

provide some evidence that some translators do appreciate the benefits MT can bring. 

Meanwhile, the findings of Cadwell et al. from focus group studies investigating 90 

professional translators drawn from institutional and commercial settings (as will be 

discussed in Section 3.1.3.3) affirm that MT has almost as many supporters as detractors 

among the participants (2018:312). The study further indicates that while two-thirds of the 

institutional translators use MT willingly and frequently in their daily work, less than a 

quarter of the commercial translators adopt the technology, and more sparingly and with a 

sense of resignation. In fact, all participants from the commercial setting are of the view that 

“greater MT adoption is inevitable” (ibid.:310) in the industry.  

In sum, the ambivalent attitude towards MT appears not to have changed drastically among 

professional translators nearly a quarter of a century on from the publication of Meijer’s 

findings (1993). Many continue to harbour mixed feelings towards machine-translated output 

and post-editing, “due to their previous experience with various degrees of output quality” 

(Guerberof 2013:75). With the background information on MT provided in this overview, we 

continue with a review of relevant PE literature in Chapter 3.   
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Chapter 3. Post-editing 

This chapter concentrates on post-editing (PE) — the revising and improving of raw 

translation produced by the computer. It begins with a consideration of three types of PE, 

namely automatic, interactive and static PE, distinguished by the degree of human 

intervention in the process. This is followed by a review of recent PE research which has 

directly informed the present study. The review is broadly presented by themes and includes 

discussions on PE effort and its component dimensions, external factors in the machine 

translation (MT) workflow which impact post-editing, PE training and experience, PE 

productivity and quality, and post-editor attributes of attitude towards MT and dominant 

language. The chapter closes with a brief reflection on how the literature has particularly 

shaped the present study.  

Except for some earlier publications of particular relevance or significance, an attempt is 

made to focus mainly on PE research published within the last three to five years, whenever 

available. This approach is taken in the interest of currency, as the field of MT as a whole is 

evolving and developing rapidly. In two areas, namely professional experience (Section 

3.4.2) and directionality (Section 3.6), where previous literature specifically and directly 

addressing background aspects for PE is not available, or very limited, the discussion draws 

on similar knowledge in closely associated research to provide context. Literature and 

previous works relating to considerations that have guided research design and choice of 

methods are discussed separately in Chapter 4. 

3.1. Types of Post-editing 

In this section, we consider PE which is carried out (i) automatically, without human 

involvement; (ii) interactively, with real-time human-machine interaction, in other words the 

human and the computer are mutually influencing and acting on each other while the editing 

is in progress; and (iii) statically, by humans only on static raw MT output even though the 

editing actions are taking place on-screen. While the focus of the present study is on the third 

type of post-editing — static, fully human PE — the discussion about which takes up the 

major portion of this chapter, the other two types of PE are first introduced in view of their 

potential economic and practical implications. At the same time, including automatic and 
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interactive PE in the discussion provides a more holistic and balanced perspective on this 

important component of the MT workflow.  

A distinction has traditionally been made between full and light PE, where the former is 

synonymous with producing target texts of publishable quality indistinguishable from high-

quality human translation, while the latter is seen as producing comprehensible and accurate 

but not stylistically compelling translation (TAUS/CNGL 2010:3). Some earlier literature 

also mentions rapid PE (Senez 1998a), the purpose of which is for information only, and 

minimal PE (Allen 2003), the expectations and interpretation of which are determined on a 

user-by-user basis. More recently, however, an international survey of language service 

providers conducted by Common Sense Advisory (CSA) indicates that many of the 

respondents offer their clients only one level of PE, suggesting that the distinction between 

light PE (including its various terminological guises) and full PE appears to be “collapsing” 

(Lommel and DePalma 2016:17-18). An earlier benchmarking exercise of global industry 

practices carried out by Joscelyne and Brace on behalf of TAUS also reports that in most 

production settings, there is “little evidence of any rigorous application of light postediting of 

MT output to deliver a distinct quality of translation...apart from a few special applications of 

gisting or near real-time delivery” (2010:9). Whether this is indeed, or will be, the case is 

arguable, as (some) translation service providers are still marketing light versus full PE 

services on their websites
16

.      

The potentially contentious claim aside, in the present thesis PE is not viewed along the 

light/full dichotomy. Instead, we regard PE not from the marketing or client-facing outlook, 

but how PE is carried out; that is, automatic, interactive and static. 

3.1.1. Automatic Post-editing 

During PE, some corrections resolve problems that are ‘one-offs’, that is, they are not likely 

to recur, but it is estimated “at least 50% concern [recurrent] errors that should be fixed once 

and for all in the engine” (Thicke 2013:16). Fixing the MT engine to eliminate some of the 

errors at source will help to reduce the human effort, effort which would otherwise be needed 

to repeatedly rectify the same MT errors in a machine-translated text, or across several 

similar or related texts in the same translation project. Besides being counterproductive, 

correcting identical MT errors over and over frustrates translators (Kuhn et al. 2010:43, 

                                                           
16

 Aspect Translations (https://www.aspect-translations.com/services/post-editing/ visited 27.11.2018) and 
Lexcelera (https://www.lexcelera.com/translation-services/post-editing/ visited 27.11.2018) 

https://www.aspect-translations.com/services/post-editing/
https://www.lexcelera.com/translation-services/post-editing/
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Mesa-Lao 2012, unpaginated). Alleviating such frustration and enhancing the ergonomics of 

the PE task may bring about greater job satisfaction for post-editors (Povlsen and Bech 

2001:286).  

From an industry perspective, “improving a machine-generated translation with a minimum 

of manual labor” (Joscelyne and Brace 2010:7) is also essential in commercial settings, as it 

impacts cost effectiveness and profitability. One way to achieve manual workload reduction 

(i.e., increase productivity) in the MT process is to automate some of the PE required to 

improve raw MT output. To this end, there is and has been research interest in developing 

automatic post-editing (APE) systems, which typically target the most repetitive and 

mundane errors human translators encounter in MT output. Machine translation, in its 

revival, is intended to be a tool to help relieve translators of the “monotony of much technical 

translation and spare them from the wasteful expenditure of much tedious effort” (Hutchins 

1986:18). As such, APE may be seen as one actualization of this idea of reducing translator 

boredom and wastage of resources (both time and effort) so as to enhance and optimize 

productivity in a MT workflow. 

Automatic post-editing is by no means a new concept. Research papers relating to the topic 

have been published since at least the mid-1990s. Interestingly, but not surprisingly, the 

direction and timeline of the development of APE systems appear to shadow fairly closely 

that of MT progress. One of the earliest APE modules reported works on an extensive set of 

rules to automatically extract and correct wrong articles (a/an/the) in Japanese to English MT 

(Knight and Chander 1994). Other systems followed, including a prototype for the English 

and French language pair which automatically deduces PE principles and rules from the 

‘triplets’ made up of the source, machine-translated and post-edited texts, and self-propagates 

the necessary changes to rectify errors (Allen and Hogan 2000). An APE module for Spanish-

English was also reported where search-and-replace programming instructions can be written 

for text editors to identify different categories of frequent errors in the raw MT output. When 

deployed in conjunction with a translation memory, it can automatically replace mistranslated 

segments with correct ones (Guzmán 2008). 

Deviating from exploiting linguistic information in texts, another research strand develops 

APE systems which leverage the MT engines themselves. Rule-based and statistical MT 

systems are used in tandem such that one translates and the other post-edits, so the final post-

edited product benefits from the best of both paradigms: the former’s deep knowledge of 
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syntax plus the latter’s extensive knowledge of surface forms (Kuhn et al. 2010:46). Working 

with French and English (Simard et al. 2007, Kuhn et al. 2010), and Spanish and English 

(Lagarda et al. 2009), these researchers’ APE systems first translate the source text using 

RBMT, then carry out monolingual PE on the raw MT output with SMT. Their layered 

system produces results superior to either MT system on their own. In contrast, Mohaghegh 

et al. (2012), working with English to Persian MT, approached the issue from the opposite 

direction, translating with SMT then followed by PE with a rule-based APE component. The 

resultant outcome also shows overall improvement in translation quality, as indicated by both 

BLEU scores and human evaluators.     

Following the recent advent of NMT, some APE researchers have very quickly begun to 

harness the capabilities of this latest technology. Pal et al. (2016) designed an APE model 

which uses neural networks as encoder to accept the raw MT (input) and as decoder to 

provide the final post-edited text (output). Working with English to Italian MT, they 

demonstrate that their neural APE model is capable of producing significantly better quality 

output than earlier models which leverage RBMT and SMT. Currently, other new 

possibilities are also being explored, such as amalgamating NMT models and tuning them for 

both APE and quality estimation functions within one and the same framework (Hokamp 

2017), training neural APE architecture to predict edit operations like delete and insert 

(Bérard et al. 2017:623), and extending the success of NMT-based automatic MT error 

correction from controlled laboratory conditions to real-world real-time applications 

(Chatterjee et al. 2017:525). 

In sum, different approaches have been, and are being, adopted to develop APE systems, 

functions and capabilities. Regardless of the approach, or the level of success attained, all 

these efforts aim to contribute towards achieving better MT output quality, increasing 

productivity, saving cost, and reducing manual PE effort and tedium for post-editors, by 

automatically rectifying recurrent and peripheral or trivial MT errors before the machine-

translated text goes to the professional translator for post-editing (ibid.). In some ways, APE 

may be seen to help improve the ergonomics of the PE task. Ergonomics is an area which PE 

researchers are beginning to pay attention to, as factors related to the “human translator’s 

needs, abilities, limitations, and overall well-being” are believed to have a heavy impact on 

their decision to use MT or otherwise (Cadwell et al. 2016:222). We revisit the question of 

human factors in post-editing in Section 3.1.3.3.   
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3.1.2. Interactive Post-editing 

Given that the task and the business of translation nowadays are heavily facilitated by and 

more often than not carried out on computers, the “field of professional translation is, without 

a doubt, a form of human-computer interaction” (O’Brien 2012:101). Human-Computer 

Interaction (HCI) is the field of study of how users interact with computer technology (Smith-

Atakan 2006:4) and is concerned with the design and development of devices and computer 

systems which enhance human performance, experience and quality of life. It also concerns 

the understanding of how humans utilise devices and systems which incorporate computation 

(Caroll 2003:426), and the corresponding impact of such use. 

The characterisation of translation as HCI is reinforced by the abundance of computer-based 

tools and aids available nowadays to the translator in practising their profession. Apart from a 

plethora of electronic and online thesauri and the entire World Wide Web being accessible as 

an enormous repository to facilitate task-related information search for the translation job at 

hand (Carl et al. 2015:145), translation-specific resources include computer-aided translation 

(CAT) tools like translation memory (TM) systems and terminology management tools, MT 

systems, integrated TM/MT/PE environments, interactive platforms for translation, and so on. 

From all indications, the integrated and interactive deployment of technology is set to become 

increasingly more prevalent and ‘invasive’ for translation practitioners and the translation 

industry going forward (KantanMT 2017). As Bowker and Fisher predicted nearly a decade 

ago: “CAT is here to stay, and translators will continue to adapt to its presence and its 

increasing importance” (2010:63). “Electronic tools are an indispensable part of the translator 

profession today” (Zaretskaya et al. 2018:37), so much so that the term translator-computer 

interaction (TCI) has been proposed for the phenomenon (O’Brien 2012:102). 

Moreover, in view of the inseparability of MT and PE mentioned earlier, PE itself well 

qualifies to be characterised as an HCI activity too, or a TCI activity if a translator is carrying 

out the post-editing. In this particular case of human-machine cooperation, the degree of 

interactivity and collaboration in real time between humans and machines is none more 

obvious or more pronounced than in interactive PE. Interactive PE is an area in MT research 

which has been gaining momentum and is positioned as having the potential to revolutionize 

PE. Post-editing in an interactive environment is also labelled interactive and adaptive MT, 

with interactive MT being used to indicate the scenario where PE changes improve a segment 

(i.e., sentence), and adaptive MT for when improvements from PE apply across segments 
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(DeNero and Green 2016, unpaginated). Among the prominent interactive MT tools available 

commercially at present are MateCat
17

 and Lilt
18

 (Green 2015:20-22). 

During interactive MT, the system predicts text completion in real time as the translator/post-

editor keys in their corrections; hence interactive MT is referred to as interactive text 

prediction (ITP) in some literature (e.g., Sanchis-Trilles et al. 2014, Alves et al. 2016). The 

text predictions presented to the translator may be accepted, ignored, or over-written 

(partially or completely), but all such human validations and edits are immediately fed back 

to allow online machine learning (i.e., the MT system learns incrementally from the PE 

changes made in real time) so as to improve further predictions as PE progresses. This 

prediction-feedback process loops iteratively, “dynamically adapting the system to the 

changing environment” (Héctor Toselli et al. 2011:135), effectively “combining the 

efficiency of an MT engine with the knowledge [and skills] of a human translator” (Peris et 

al. 2017:203). 

The PE field test conducted by Bentivogli et al. (2016) is a recent publication which reports 

positive results when interactive MT is compared to conventional PE. Their experiment, 

involving 16 professional translators post-editing two technical texts (legal and information 

technology) in two language directions (English to Italian and English to French), finds a 

significant reduction in PE effort for the interactive PE mode. An overall improvement of 9% 

is observed in the HTER scores, which act as the proxy for quantifying PE effort.  

Meanwhile, a more extensive analysis of the impact of interactive MT on PE effort is carried 

out by Alves et al. (2016), but their findings are less straightforward than that observed by 

Bentivogli’s group. Using data from sixteen out of twenty-one participants (the rest did not 

produce usable data) working from English to Brazilian Portuguese, their experiment 

investigates all three dimensions of Krings’ PE effort model (2001), which is discussed more 

extensively in Section 3.2. For now, Alves et al. take the total time spent to complete the task 

as temporal PE effort, while technical PE effort is measured by number of keystrokes and 

mouse events. Cognitive effort is quantified using eye-tracking technology with the proxies 

                                                           
17

 MateCat is free open-source software, but the organisation offers paid plans for dedicated support and 
customisation services, as well as an optional paid translation service. (https://www.matecat.com/faq/free/ 
visited 17.03.2018)  
18

 Lilt is an interactive and adaptive CAT tool, integrating MT, TM and term bases, that learns and improves in 
real time as the translator edits and provides corrections. Incorporating NMT technology, the tool reportedly 
increases both productivity and translation quality. It is available on a three-tiered subscription basis, aimed at 
professional translators, language service providers and enterprises (https://www.lilt.com/ visited 18.03.2018) 

https://www.matecat.com/faq/free/
https://www.lilt.com/
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being eye fixation count and duration. In eye movement analysis, fixations are “pauses over 

informative regions of interest” onscreen (Salvucci and Goldberg 2000:71). The findings 

show that participants working with the interactive-predictive MT condition took 

significantly longer as well as clocked significantly more keystrokes than traditional PE, 

indicating that the traditional PE mode requires less temporal and technical effort. In contrast, 

fixation duration was significantly lower for interactive PE, indicating that interactive PE is 

less cognitively effortful than traditional PE (Alves et al. 2016:88-89).                     

It is evident that research on technologising translation and its related activities is making 

steady progress (O’Hagan 2013:507), not least in areas such as interactive text prediction and 

interactive machine learning, which points to a possible PE revolution looming on the 

horizon. Yet, the human element is almost always recognised as an integral feature in such 

research. In fact, the development of MT systems nowadays “makes heavy use of human 

knowledge and judgments” (Lommel, Popović and Burchardt 2014:31) to improve translation 

quality. Interaction with, and intervention from, humans are sought in nearly all cases. As 

such, interactive MT includes humans in-the-loop to “enable what neither a human nor a 

computer could do on their own” (Holzinger 2016:120), firmly underscoring the ongoing 

significance of human involvement in the technologisation process. It has even been argued 

that in spite of being constantly “restrained and aided” (Bundgaard et al. 2016:107) when 

using technology in translation, the human remains in charge of the process (ibid.:126). 

Therefore, “the human portion of the workflow remains the key value in translation” (Rico et 

al. 2018:205). On this note, we now turn our attention to human PE.     

3.1.3. Static Post-editing 

Post-editing of raw MT output is an HCI task where “humans and machines work in concert” 

(Green et al. 2013:439). In practice, PE is possibly the most prevalent type of human 

involvement in the MT process (Specia and Farzindar 2010:33). It is particularly vital for 

ensuring translation quality when the final translated product is meant for dissemination or 

publication (Schütz 2008:448). Apart from limited conditions under which raw MT output 

may be deemed good enough as is — such as for internal assimilation, or for gisting 

(obtaining a rough idea of content presented in an unfamiliar language), or for use within 

very restricted domain and linguistic parameters — some form of PE is needed to improve 

the MT output (Newton 1992:4; Koby 2001:4; Fiederer and O’Brien 2009:52; Alabau et al. 

2012:20).  
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In this section, our discussion focuses on PE carried out by humans on raw MT output in a 

static form. In other words, when MT output is edited after it is produced (Dorr, Przybocki et 

al. 2011:748), not interactively in real time. Human PE may be performed by different groups 

of individuals. These individuals, whom we will refer to as post-editors in the present thesis, 

may range from professional translators to lay persons (i.e., individuals not trained and 

earning a living from post-editing and/or translation), from being proficient in both source 

and target languages to knowing only the target language. In this context, we first discuss 

monolingual PE, carried out without the source text and/or by post-editors who speak only 

the target language; and collaborative PE, carried out by Internet ‘crowds’ or by lay members 

of a community involved in a project or to further/support a common cause. These two 

aspects provide a broader view of the other ways humans are involved in PE. The remainder 

of the thesis then proceeds to consider, at length, conventional or traditional PE carried out 

bilingually by professional translators in the conventional manner. 

3.1.3.1. Monolingual Post-editing 

When machine-translated output is edited without the source text, it is referred to as 

monolingual post-editing (Nitzke 2016:83), an activity most commonly carried out by post-

editors who have no knowledge of the source language. Everything else being equal, 

language-related services provided by monolingual speakers of a (target) language are 

thought to be much more readily available than bilingual translators, and usually cost less 

(Lin et al. 2010:500). Monolingual PE has been characterised by some as representing “a 

middle ground between professional translation and raw use of machine translation” 

(Schwartz 2014:41).  

The findings from part of a study conducted by Koehn (2010b), exploring Arabic and 

Chinese as source and English as target languages with ten students working on four short 

texts of ten sentences each from different domains, demonstrate that PE by monolingual 

speakers of English is feasible. This is particularly so when participants are assisted by a 

display of translation options and interactive sentence completion predictions. For the ZH-EN 

portion of the results, monolingual post-editors with good English language skills and sound 

knowledge of subject matter can, on average, produce correct translations approximately 40% 
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as often as professional bilingual translators
19

. Translation correctness in Koehn’s study is 

judged by human evaluators, who assess if the final post-edited sentence reads fluently in the 

target language and whether it contains the same meaning as a professionally translated gold 

standard reference. A sentence is marked as correct only if both these criteria are met.  

An investigation along similar lines is reported by Koponen and Salmi (2015) as part of a 

wider project. Forty-eight native speaker Finnish students post-edited, without access to the 

source text, general news articles machine-translated from English. In their case, human 

judges evaluate translation quality in terms of meaning and language separately, resulting in 

four possible categories: correct meaning and correct language; correct meaning but incorrect 

language; incorrect meaning but correct language; and incorrect meaning and incorrect 

language. Their findings show that, after monolingual PE, the overall proportion of translated 

sentences with correct meaning (regardless of language correctness) increased from 25% for 

MT before PE to 50% after PE. These results once again underscore the feasibility and 

benefit of monolingual PE, this time with a different language pair, and different 

methodological and analytical approaches from Koehn (2010b).  

The impact of domain expertise on monolingual PE success argued for in Koehn (2010b) is 

affirmed in a subsequent study by Schwartz (2014). Using a scientific text in French 

containing 241 sentences, a monolingual English domain expert successfully post-edited 

more than 95% of the sentences in the machine-translated text. Success in post-editing a 

target sentence is when a bilingual speaker adjudges it as having adequately conveyed the 

meaning of the source sentence. One possible effect of this observed high success rate is that 

only the balance 5% of the sentences requires the intervention of a bilingual post-editor or 

translator, potentially saving substantial PE effort and cost, as opposed to post-editing the 

entire machine-translated text by bilingual translators/post-editors.        

However, Nitzke (2016) expresses scepticism about cost-saving claims made in studies such 

as Schwartz (2014), as domain experts are unlikely to be much “cheaper than an actual 

bilingual translator who is familiar with the domain” (Nitzke 2016:87). While Nitzke 

acknowledges that oftentimes having a machine translation is better than no translation at all, 

she nonetheless urges that translation products derived from monolingual PE be treated with 

caution. Among the reasons offered are: 1) Blind PE without source language knowledge 
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 For the ZH-EN portion of Koehn’s study, 28% of post-edited sentences (10 each from 4 different texts by 10 
post-editors) produced by the monolingual participants were judged as correct, against 66% of the sentences 
translated beforehand by professional bilingual translators (2010b:544). 
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and/or source text access cannot detect content errors in the raw MT output. Completeness of 

meaning transfer is not readily ascertained unless a bilingual is involved, whether post-

editing or translating. 2) To translate or post-edit properly, context is always necessary. It is 

overly simplistic to suggest that a bilingual translator, even a highly skilled one, can just take 

over any job working on only a small percentage of random and most difficult sentences, and 

produce a seamless final translation on the bulk of the monolingually post-edited text.       

Approaching monolingual PE from a slightly different perspective, Morita and Ishida (2011) 

propose collaborative translation protocols where the linguistic abilities of two monolingual 

individuals, proficient in different languages, are harnessed to collaboratively improve MT 

output for that particular language pair. Their protocol begins with the raw MT output of a 

source sentence being presented to the target language speaker. If this initial MT output does 

not make sense, the target language speaker requests for a revision from the source language 

speaker, repeatedly if necessary, until an understandable version is provided. Once the target 

language speaker understands the MT output, it is posted-edited for fluency and fed through 

the MT system again for back translation into the source language. This back translation is 

then presented to the source language speaker who verifies that it contains the same meaning 

as the original message. If the meaning is incomplete or inaccurate, the source language 

sentence is paraphrased and put through the protocol again. The process is repeated, until a 

version which satisfies both source and target language speakers is obtained (successful 

termination), or self-terminates (unsuccessful termination) after a pre-set number of 

iterations, normally four or five turns each side (ibid.:221).  

To test the effectiveness of their prototype, Morita and Ishida enlisted three pairs of 

monolingual speakers each for Japanese-English and Japanese-Chinese to execute the 

protocol. The output from these monolingual post-editors is subsequently evaluated for 

adequacy (i.e., adequate transmission of source text meaning in the target text) by three 

bilinguals. Results from the adequacy evaluation confirm that monolingual speakers, with 

collaborative translation, can produce translations which completely capture the source 

sentence meaning more frequently than either MT or back translation on its own. For the 

sentences that terminated successfully in the protocol, the improvement observed in the 

Japanese-English pair is from 53% for MT to 83% for collaborative translation. The increase 

in the number of final sentences rated as having conveyed complete meaning of the source 

sentences in the Japanese-Chinese pair is even more striking — from 37% for MT to 91% for 

collaborative translation (ibid.:226).           
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Going beyond deploying just two individuals post-editing in collaboration, Hu et al. (2014) 

report on leveraging two monolingual crowds (one each for the source and target languages) 

to bridge the language gap using free online MT as the mediating conduit. This means that 

each step in their crowdsourced monolingual translation protocol can be carried out by a 

different member from either crowd during their turn. Although conceptually similar to that 

of Morita and Ishida, the protocol of Hu’s group incorporates a reiterative feedback loop 

allowing a dialogue between the two sides, where issues can be highlighted or otherwise 

annotated, and clarifications and/or additional information sought and provided when needed. 

This purportedly makes identification and correction of MT errors easier. Once again, the 

protocol terminates when both sides are satisfied that a translation of high quality has been 

achieved.  

To compare translation quality with and without deploying the monolingual translation 

protocol of Hu et al. (2014), the final translations obtained through their web-based 

MonoTrans Widgets system and the baseline MT versions are evaluated by two bilingual 

native speakers of both the source and target languages. The evaluation criteria are fluency 

(indicating how natural the sentence is in the target language) and accuracy (indicating how 

much of the meaning of the source sentence is included in the target sentence). Translated 

sentences are deemed high quality if and only if they received the highest possible score for 

both assessment criteria. In all, 739 monolingual members contributed to the translation of 54 

sentences (30 English-Spanish and 24 Spanish-English). Evaluation results show that 31% of 

sentences from the baseline MT meet both the fluency and accuracy criteria, compared to 

52% of those from their MonoTrans Widgets protocol (ibid.:19), indicating that substantial 

improvement in translation quality of online MT is achievable with just the involvement of 

monolingual crowds. 

3.1.3.2. Collaborative Post-editing 

As mentioned, PE is another activity where the collective power of web-based mass 

participation can be mobilised and/or utilised, similar to crowdsourced MT evaluation we 

saw earlier in Section 2.3.1.1. When considering the term crowdsourcing in the context of 

crowdsourced PE of MT and similar translation-related activities, conceptual overlap 

(Jiménez-Crespo 2017a:104) and terminological ambiguity (O’Hagan 2011:11) are among 

recognised issues. This is where several terms are used synonymously to refer to the same 

activity, for example, translation crowdsourcing is also variously known as collaborative 
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translation, user-generated translation and community translation. For clarity, therefore, the 

present discussion defines two categories of mass collaborative PE as follows, guided by the 

distinction proposed for collaborative translation in Jiménez-Crespo (2017a:110): 

 crowdsourced PE – when an open call is made, over the Internet, to anonymous 

crowds to participate in a PE task 

 online collaborative PE – collaborative participation in PE takes place in a web-based 

or web-mediated environment, without the classic open call to Internet crowds 

In either category, contributors to the mass effort may or may not be recompensed 

monetarily. Scenarios where there are no open calls and no payment may be seen as volunteer 

online collaborative PE. A common example, which many everyday users of free online MT 

engines like Google Translate may or may not even be aware of, is when they input an 

alternative translation to the one suggested by the system. Essentially and effectively, such 

alternatives (which the contributing user usually believes to be a better or more suitable 

translation for the context in question) are online post-edits of MT output, carried out 

voluntarily without a classic open call on the Internet for workers, and without being paid.  

In a broader sense (i.e., not just strictly confined to collaborative PE), volunteer collaboration 

in web-based and/or mobile device-mediated translation is most visible in humanitarian 

efforts during times of emergencies, as demonstrated in the aftermath of major natural 

disasters in recent times like the Haiti earthquake in 2010 (Munro 2013), and perhaps to a 

less formally published extent, the 2011 Great East Japan Earthquake and tsunami, and the 

Canterbury and Christchurch earthquakes in 2010 and 2011. Another not-for-profit initiative 

is the ongoing Translators without Borders
20

, where a global network of volunteer 

professional translators and other specialists donate their time and effort collaborating in 

translation and PE in support of worthwhile causes (cf. Bowker and Fisher 2010:64).     

Among the academic publications reporting on studies that employ crowdsourcing of 

untrained workers, known as Turkers, from Amazon’s Mechanical Turk (AMT) service to 

carry out PE are Zaidan and Callison-Burch (2010, 2011). The underlying motivation for 

both these studies is the relatively quick and inexpensive creation of data to build and train 
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 Translators without Borders (TWB), a non-profit organisation based in the United States, offers worldwide 
language and translation support for humanitarian and developments agencies in crisis response and health 
and education programmes. In 2017, TWB merged with the Ireland-based Rosetta Foundation project. TWB 
uses Kató, its dedicated in-house translation technology platform. (https://translatorswithoutborders.org/ 
visited 14.04.2018)  

https://translatorswithoutborders.org/
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SMT systems. The 2010 study, conducted in the Arabic-to-English direction, explores 

crowdsourced PE as a less costly yet effective alternative than using professional translators 

to generate post-edited versions of MT sentences to facilitate prediction of HTER-ranking. 

Acknowledging that, by crowdsourcing through AMT, “a non-trivial portion of the collected 

data is of poor quality” (2010:371), Zaidan and Callison-Burch collect multiple edits for each 

MT segment from a large number of Turkers to increase the likelihood of obtaining 

competent output from them. In all, 500 Turkers provided 10,765 edited segments in the 

study. Their analysis finds that very high HTER rank correlations are achievable in the data 

collected from untrained Turkers, in some cases significantly better than their baseline TER 

rank. Zaidan and Callison-Burch demonstrate that it is possible to achieve significantly better 

HTER ranking predictions by using the significantly cheaper route of soliciting edits for MT 

output through AMT.     

The 2011 study reported by Zaidan and Callison-Burch explores how the quality of 

crowdsourced translations by anonymous low-cost Turkers may be ‘elevated’ by means of 

several control mechanisms. The quality assurance mechanisms tested in their Urdu-English 

study include collecting ten post-edited versions or “redundant annotations” (2011:1222) for 

each raw MT sentence, restricting the crowdsourced task to only workers based in the United 

States thereby increasing the likelihood that they are English native speakers, and confining 

the focus of the crowdsourced PE task to fluency aspects only in the target language. In all, 

350 Turkers are involved in the crowdsourced PE portion of the overall study at a cost of 

under 500 US dollars, producing in excess of 17,000 post-edited sentences (ibid.:1223). From 

these, the best final crowdsourced translation for each sentence is identified using a weighted 

mathematical model which takes into consideration 21 features including sentence length, 

edit rate against other translations, match against the Google Ngram database
21

, the worker’s 

abilities in both the source and target languages, worker’s location, sentence ranking by 

crowdsourced evaluators, and so on. The average BLEU score for the best crowdsourced 

translations, referred to as oracles, is comparable to that of professionally translated human 

references, allowing Zaidan and Callison-Burch to conclude that it is also possible to obtain 

professional-quality translations from non-professional crowdsourced workers.       

Meanwhile, another team of researchers (Aikawa et al. 2012) have published their 

preliminary report on a project to translate the English website of a Japanese university into 

                                                           
21

 Google Ngram is a corpus of n-grams, compiled from data from Google Books, which may be searched to 
show the frequency of specific words or phrases (https://books.google.com/ngrams/ visited 16.04.2018) 

https://books.google.com/ngrams/
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nine other languages through online collaborative PE. The task is undertaken by 21 

international students
22

 of the university, some languages with just one post-editor while 

others with two, four or six. The reason for this absence of uniformity is not elucidated, but is 

presumably dependent on the availability of native-speaking students of the languages 

concerned. The MT engine is Microsoft Translator and the PE platform is the Collaborative 

Translation Framework developed by Microsoft Research. To verify that the students’ 

collaborative effort is of acceptable quality, the final output for the four target languages with 

the highest number of edits, namely, Chinese, Indonesian, Spanish and Vietnamese, are 

evaluated by professional translators. Using accuracy of transfer of source text meaning as 

the sole criterion for quality, 71% to 83% of the post-edited sentences, depending on the 

target language, are found to be acceptable translations (Tatsumi et al. 2012:73).  The project 

to collaboratively localise a significant portion of the university’s English website into 

multiple languages was deemed a success, as it was not only completed within two months at 

minimal cost to the university concerned, it also fostered a positive sense of community 

among its collaborators (Aikawa et al. 2012:9). 

Community-based PE is the focus of a trio of related academic papers authored by Mitchell et 

al. (2013), Mitchell et al. (2014) and Mitchell (2015a). These articles investigate the 

feasibility of using members of an online information technology (IT) support forum as post-

editors and translation quality evaluators. In other words, the group is an already existing 

well-defined community, as opposed to anonymous mass online crowds. The individuals 

concerned are not trained translators, but some are (more) knowledgeable about the products 

in question. They voluntarily post answers in the forum in response to requests for assistance 

from others who are less familiar with, or who encounter problems using, the products.  

Mitchell et al. (2013) report on a small scale pilot study which aims to establish the PE 

quality of machine-translated content from the forum, comparing the difference in quality 

between post-edited and raw machine-translated outputs. Post-editing is carried out first 

without (monolingually) and then with the source text, for two language pairs — English to 

French and English to German. Four native speakers of each target language participated in 

both PE scenarios, although their self-reported levels of English proficiency as well as 

domain expertise are varied. The post-edited output is evaluated by two of the three authors 
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 As the project did not involve an open call over the Internet to workers from the ‘crowds’, the exercise 
reported by Aikawa et al. (2012) and Tatsumi et al. (2012) is considered as online collaborative PE in this thesis 
instead of crowdsourcing, in spite of the terminology used in the titles of the papers.  
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of the paper, based on three criteria: fluency (degree of well-formedness in English), fidelity 

(degree to which original meaning is communicated, synonymous with adequacy) and 

comprehensibility (extent to which the text as a whole is easy to understand). The evaluation 

scores comparing segments before and after PE show that, overall, PE by forum members 

(whether with or without access to source text) improves translation quality more often than 

degrades it, for both target languages and for all three assessment criteria. For German, 

segments with improved quality (better than MT) range from 43 to 70% while those with 

degraded quality (worse than MT) range from 13 to 28%. The comparable figures for French 

are 49 to 67% improved versus 10 to 26% degraded. When the scores comparing PE with and 

without source text are considered, the percentage of German segments with improved 

quality are higher with source text than without, for fluency (70% vs 67%), fidelity (56% vs 

43%) and comprehensibility (64% vs 57%). The results for quality degradation is mixed, with 

comprehensibility unchanged in either scenario, while fidelity is better (i.e., fewer post-edited 

segments scored worse than MT) with the source text than without at 20% vs 28%, but 

fluency is worse (i.e., more post-edited segments scored worse than MT) with source text at 

14% vs 12%. A somewhat different picture emerges for French — quality degradation is less 

for all three criteria when PE is done with the source text. There is no difference in quality 

improvement for fluency (both 63%), but comprehensibility is scored lower for PE without 

source text (49%) than with (63%), while fidelity is scored lower for PE with source text 

(64%) than without (67%). Although the reported pilot study indicates that PE by untrained 

translators may be feasible, the sample sizes were, not unexpectedly, too small to perform 

meaningful tests for statistical significance on the results. Neither was it possible to 

investigate likely explanations for (some of) the differences recorded, for instance, the 

influence of language proficiencies and domain expertise. 

To follow on, the paper by Mitchell et al. (2014) is a more extensive account of their research 

which evaluates the PE quality produced by another 18 members of the same community of 

lay post-editors from the online IT support forum, but working only with the English-German 

language direction. Using an error annotation approach to facilitate the comparison, two 

methods of evaluating PE quality are compared: namely, seven bilingual domain specialists 

evaluating on the dual-criteria of fluency (synonymous with language) and fidelity 

(synonymous with accuracy), and 171 lay forum users evaluating on only the fluency 

criterion. Fluency and fidelity are evaluated using 5-point Likert scales. Their error 

annotation exercise shows that on average the lay post-editors corrected 66% of the errors in 
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the raw MT output, with the remaining uncorrected balance consisting of both MT errors 

missed and new PE errors introduced. While this error threshold may not be acceptable for 

PE by professional translators, Mitchell et al. conclude that such a level of PE performance 

from the untrained lay post-editors represent an encouraging starting point. Moreover, highly 

significant inverse correlations are found between the number of remaining errors in the post-

edited output and the evaluation scores, which confirm that the PE quality ratings drop as the 

presence of errors rises. The two sets of evaluations by the domain specialists and the lay 

users are themselves strongly and significantly correlated, with a Spearman’s coefficient of 

0.93 (Mitchell et al. 2014:255). These observations indicate that the lay evaluators in the 

community view and treat translation/PE quality as stringently as the domain experts, and 

may therefore be seen as equally worthy.                         

Mitchell (2015a) examines in greater detail the MT errors left uncorrected and the PE errors 

introduced during the process to delve deeper into the potential of lay forum members as 

post-editors. By annotating all the errors in the post-edited output from 15 participants
23

, 

Mitchell (2015a:71) determines that the most prevalent errors by far are mistranslations and 

missing information (each at 26% of total errors of the top eight categories), both relating to 

accuracy. The third most frequent error category of the top eight is phrasal ordering (at 16%), 

which relates to fluency. The presence of phrasal ordering errors is not altogether unexpected, 

given the English-German language pair. The very high incidence of the accuracy-related 

categories is attributed to a combination of factors including insufficient knowledge of 

English and/or the domain, the task guidelines specifying just good-enough quality, and lack 

of care and motivation when post-editing. To maximise the potential of lay post-editors, the 

suggested solution for the lack of knowledge is to allow them the option of passing on 

complicated segments to more competent post-editors. To improve motivation and therefore 

the care taken during editing, Mitchell proposes tuning the PE guidelines and tips for better 

clarity and suitability for German. Implicit in one of the more tailored guidelines Mitchell 

proposes, however, is the need for source language proficiency, as post-editors are asked to 

ensure no information is added or deleted from the original text. Thus, bilinguality is still the 

cornerstone of post-editing, innovative ways of carrying out as well as investigating the 

activity notwithstanding.               
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 Mitchell (2015a) is not explicit as to whether these 15 post-editors were part of the 18 covered in Mitchell et 
al. (2014). It is more than likely they were, as an extensive account of the study detailed in Mitchell (2015b) 
states unequivocally that a total of 18 lay post-editors were recruited for her project (ibid.:78). 



 

50 
 

3.1.3.3. (Conventional) Post-editing 

In this thesis, conventional or traditional or just plain post-editing is the revision and 

improvement of machine-translated texts to publishable quality by bilingual professional 

translators. Post-editing becomes necessary when the quality of raw MT output is not good 

enough for its intended purpose. Although quality of MT output can be improved by 

addressing the MT systems that produced the translation in the first place, system 

improvement and enhancement is beyond the scope of the present study. Likewise, pre-

editing and/or applying controlled language is yet another way of improving MT results. 

However, the research focus here is on post-processing after MT has occurred, so pre-editing 

is not discussed. 

To frame the present study firmly in the context of human-machine cooperation, we first 

reflect in detail on some of the human factors in the complex relationship between 

professional translators and MT (Cadwell et al. 2016:226) which influence the adoption, or 

otherwise, of the technology. To restate the obvious, only when MT is deployed does PE 

come into existence and assume relevance. Many possible reasons, both personal and work-

related, may underlie a professional translator’s acceptance or rejection of using MT. Focus 

group studies involving professional translators carried out by Cadwell et al. (2016) and 

Cadwell et al. (2018) have strongly highlighted some of the most salient reasons for and 

against MT adoption.  

The 90 participants in the series of focus groups described by Cadwell et al. (2018) have been 

drawn from staff translators employed by the European Commission’s Directorate General 

for Translation — the world’s single largest public translation service with 1,600 full-time 

translators on its payroll (Directorate General for Interpretation 2016:11) — and by an 

England-based language service provider and localisation consultancy with 400 full-time 

employees operating 17 offices in 13 countries across the globe
24

. While the powerful 

European institution (DGT) and the global commercial establishment (LSP) may not share 

the same objectives, and modes as well as scales of operation, which may yet again be 

different from the prevalent local business model in New Zealand, it is likely that on a 

fundamental level most professional translators, whoever their employer (including the self-

employed), share common needs, expectations and concerns with regards to using MT to 

assist them in their daily work. Indeed, Cadwell et al. suggest this to be the case for their 
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 http://www.thisisalpha.com/the-localisation-company/ (visited 22.04.2018) 
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focus group participants (2018:318). A clearer understanding of these commonalities may 

provide useful insights into our professional translators, not only about what they do as 

practitioners but also who they are as people. 

Among the factors most frequently mentioned by the professional translators participating in 

the focus groups which investigate their use or non-use of MT in their daily work (Cadwell et 

al. 2018:310-311) are ones related to:  

 Productivity – all seventeen focus groups consisting of a total of 70 DGT participants 

and three of the four groups of a total of 20 LSP participants agree that they use MT 

because the technology helps them increase their speed and productivity. 

Paradoxically, a similar proportion (75%) among the LSP focus groups indicates that 

they do not use MT because PE is slower than other methods. Time taken is seen as 

temporal PE effort in this thesis. The majority (71%) of DGT groups also specify that 

MT reduces keyboarding actions, which represent technical PE effort in our context. 

In addition, a substantial percentage from both cohorts (41% of DGT groups and 75% 

of LSP ones) cite non-use of MT due to PE requiring more concentration than other 

methods. This mental demand is taken to be synonymous with cognitive PE effort in 

our case. Such input from the focus group participants suggest that there is possibly a 

lack of clarity or some degree of confusion in how PE effort, in its different 

dimensions, is perceived among some professional translators. 

 Quality – this factor is the most deliberated during the focus group discussions, which 

is perhaps to be expected in view of its complex and variable nature, as we have seen 

in Section 2.3. Participants generally agree that they tend to use MT for some text 

types and certain language pairs where the output quality is good, but not for others 

for which MT quality is poor. Apart from MT output quality, quality of source 

materials and that expected of target texts are also highlighted by the focus groups; in 

particular, how authors of the source materials respond to questions from the 

participants and what the briefs to the participants specify.    

Over and above the impact the two practical extrinsic factors of productivity and quality have 

on post-editors and post-editing, which we will discuss further in Section 3.5, some 

psychological or intrinsic issues are also frequently mentioned in the 21 focus groups 

comprising a total of 90 participants. These include:   
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 Professional recognition – in connection with quality of source materials and target 

texts, the DGT translators in general feel that their contribution to the quality 

assurance process is recognised and appreciated. They feel empowered that they are 

part of the overall team effort within the DGT to produce target texts of high quality 

and to improve their MT system. As a result they are keen to adopt the technology. In 

contrast, the LSP translators’ brief is more often than not to aim for fit-for-purpose or 

good-enough quality and their efforts to clarify source text problems are sometimes 

ignored. They feel disempowered and not well-supported to do their best, and their 

professionalism is neither valued nor appreciated (Cadwell et al. 2018:313). This lack 

of human interaction and understanding is cited as a reason for not adopting MT by 

75% of the LSP focus groups.  

 Fear and anxiety – fear, for example, of how technology will develop and affect their 

livelihood and of being replaced by the machine, is mentioned by half of the DGT as 

well as the LSP groups as a reason for resisting the use of MT. Many, 65% of DGT 

and 75% of LSP groups, also express concern about the potential negative impact MT 

has on translators’ abilities, such as blocking translators’ creativity and influencing 

them to make certain types of errors which they do not normally make.   

 Attitude – All but one of the 90 participants report that they currently use MT in their 

work, but usage frequency and their outlook towards such use differ. More than 65% 

of the DGT participants use MT daily against only 25% of the LSP ones. Almost 90% 

of the DGT translators agree that MT is useful for their work while just 25% of LSP 

translators think so. While there is an overwhelming sense of resignation among the 

LSP translators about MT’s inevitability and its use being required of them, a majority 

of the DGT groups say using MT provide them with a source of inspiration, 

comparing it to a “wonderful springboard” (anon., cited in Cadwell et al. 2018:312). 

Machine translation, on occasion, gives them new ideas they would not have had and 

expressions they would not have used on their own. The issue of attitude towards MT 

has been covered in Section 2.4.  

One more point worth highlighting is that of the 21 focus groups in the study, only one group 

from the LSP cohort mentions unfair compensation for PE work as a barrier to MT adoption. 

Cadwell et al. (2018:312) speculate that this low level of concern voiced by the participants 

most probably stem from the fact they all largely enjoy job security and income stability in 

being full-time salaried employees, as opposed to the financial fluidity being self-employed 
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in a contracting or freelance arrangement often entails. Financial factors, over and above 

practical and psychological ones, may have featured more prominently had freelance 

translators been investigated in a similar study.  

With the understanding derived from the above findings into some of the factors professional 

translators are most concerned about regarding the use of MT in their daily work, we next 

consider the PE process and its product. The first aspect discussed is PE effort: the 

dimensions that comprise effort, some of the means and methods devised to measure them 

and the relationships between them.      

3.2. Post-editing Effort 

The amount of ‘work’ a post-editor does on a machine-translated text to bring it to a specified 

quality level and render it fit for purpose to fulfil the demands and objectives of a translation 

assignment has been referred to as post-editing effort in Krings’ influential publication
25

 on 

post-editing of machine translation (1994/2001:51). Krings further positions PE effort as the 

“primary determinant of whether machine translation is worthwhile” (ibid.:178). He asserts 

that to study PE effort completely, three inter-related dimensions have to be taken into 

account: namely, temporal, technical and cognitive PE effort (ibid.:178-179). 

Notwithstanding its introduction more than two decades ago, Krings’ tri-dimensional 

typology of PE effort continues to have relevance in PE research (e.g., O’Brien 2004, 2005, 

2006a, 2006b, 2011a; Tatsumi and Roturier 2010, Koponen et al. 2012, Popović et al. 2014, 

Mellinger 2014, Moorkens et al. 2015, Alves et al. 2016, Toral et al. 2018). 

Temporal PE effort refers to the time a human post-editor takes to render the raw computer-

generated output to a product that meets the specified quality requirement. Of the three 

dimensions, temporal effort is the most unequivocally manifested, and therefore the most 

easily measured. It is often considered by the translation industry as the proxy for total PE 

effort. From a commercial perspective, it is also among the most important, as the time for 

completing any given PE job impacts on the monetary cost, and therefore the economic 

viability of a MT project (Krings 2001:182). From a research perspective, however, the 

academic community is often interested in more than immediate financial implications, and 

therefore looks beyond the temporal dimension of PE effort (O’Brien 2011a:204). 
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 Krings wrote his post-doctoral thesis on PE process and PE effort in German in 1994; it was later translated 
and published in English in 2001. 
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Technical PE effort covers the technical and manual operations the post-editor performs to 

implement the changes deemed necessary to improve the raw MT output. It is portrayed by 

the actions taken when post-editors edit, an activity which is almost exclusively carried out 

on-screen nowadays. Examples of such actions include deletions, insertions, copy or cut and 

paste actions, consulting resources, carrying out task-related information search, and so on. 

These actions may, to a large extent, be accurately tracked and monitored directly with the 

appropriate observation tool(s), such as purpose-built post-editing/tracking platforms, generic 

keystroke logging and screen recording software, and even video recording devices. 

In contrast, cognitive PE effort, which Krings argues is “the decisive determining variable 

underlying temporal post-editing effort” (2001:179), encompasses the mental processes the 

post-editor activates during post-editing. It comprises the thoughts and deliberations that take 

place in the post-editor’s mind to identify errors and/or deficiencies in the MT output being 

post-edited. It also includes the decisions and plans for the actions required to correct and/or 

address (or not) the problems so identified. Cognitive processing, as with all other mental 

activities, is not readily visible and therefore cannot be easily measured. As such, evidence 

for cognitive processing is usually indirect; inferred, by and large, from the participant’s 

outwardly observable behaviour. Empirical data relating to cognitive processing in PE and 

translation are commonly gathered through process-based research techniques (e.g., Krings 

2001, Lacruz et al. 2012, O’Brien et al. 2014, Bundgaard et al. 2016).  

Research on human PE effort is often conducted with limited language pairs and text types, 

and involves relatively small numbers of research participants. A recurrent common 

denominator is the tri-dimensional approach, based on temporal, technical and cognitive PE 

effort postulated by Krings (2001), as illustrated by some recently published papers on PE 

effort research (see Table 3.1). This list in no way purports to be a rigorous literature survey, 

but rather is compiled to exemplify elements of the research design of recent PE effort 

studies. Among the examples cited, European language pairs appear to dominate. English, 

most frequently as the source language, an observation which Vieira also makes regarding 

previous PE research in general (2016a:193), is included in all except the Portuguese-Chinese 

case (da Silva et al. 2015). The combination of a Latin-script alphabet-based language with a 

logographic non-alphabet one is relatively uncommon in PE research.  
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Table 3.1. Comparison of language pair, text type and participant number in recent PE studies   

All participants in the studies cited are native speakers of the respective target languages and 

most work into their L1 (native language). An exceptional few are included in Bundgaard’s 

study (2017), who indicated that they either typically translate into their L2 (three of eight 

participants) or they work in both language directions (another three of the same group of 

eight). Text types tend to be non-specialised, with the technical and marketing texts in the 

Bundgaard study once again being the exception. The news genre is often used, presumably 

because it does not require deep domain knowledge and expertise. However, the present 

researcher believes that because news covers such a wide range of topics, the post-editor 

needs to have sound general knowledge to be able to deliver a satisfactory job. Apart from da 

Author / Year Research focus Languages Text type Participants

Koponen et al. 

2012

Association of PE time with 

error types; keystroke analysis 

to quantify cognitive PE effort

EN->ES News

8 native speakers of TL (6 

professional translators & 2 

post-editors)

Koehn & 

Germann        

2014

Impact of 4 different MT 

systems on PE effort & 

efficiency 

EN->DE News

4 fluent bilingual native 

speakers of TL (without 

professional translation or 

PE experience)

Moorkens et al. 

2015

Correlations between predicted 

& actual PE effort

EN->PT 

(Brazilian)

General texts 

on Paraguay 

& Bolivia 

5 native speakers of TL & 1 

long-term resident in Brazil 

(all experienced translators 

& post-editors)*

   * Two of the six translators subsequently did not participate in the study. 

da Silva et al. 

2015

Comparison of technical, 

temporal & cognitive effort 

between PE & translation

PT->ZH News

15 native speakers of TL (all 

with formal translation 

qualification & experience, 

but no PE experience)

Vieira 2016b

Comparison of seven measures 

of cognitive PE effort in 

professional & non-professional 

translators

FR->EN News

10 native speakers of TL (5 

professional translators vs 5 

without professional 

experience)

Bundgaard 

2017

Interaction with MT-assisted TM 

tool; participants' attitude to 

such interaction

EN->DA

Technical & 

marketing 

texts

8 native speakers of TL (all 

experienced translators; 6 

of them also translate into 

L2 while 3 of them have little 

or no MT experience)

Daems et al. 

2017

Comparison of impact of MT 

errors on PE effort between 

professional & novice 

translators

EN->NL News

23 native speakers of TL 

(13 professional translators 

vs 10 novice translators with 

Master degree)
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Silva et al. (2015) and Daems et al. (2017) where the numbers of translators involved as 

participants are around a dozen, the other studies all feature fewer than ten participants per 

study or per construct being investigated. Even the total cohort of twenty-three (made up of 

13 and 10 for two different constructs of interest) who participated in the 2017 research 

conducted by Daems et al. is not generally considered a big enough sample in classic 

quantitative research designs, if participants constitute unit(s) of analysis. 

To date, investigations have focused mainly on searching for and testing methods to reliably 

quantify PE effort, and to understand, often by way of establishing correlations, the impact 

selected factors in the MT workflow, such as machine translatability
26

 (O’Brien 2004), 

controlled language
27

 (Aikawa et al. 2007) and MT errors (Zaretskaya et al. 2016, Daems et 

al. 2017) have on PE effort. At present, the “understanding of post-editing effort is still far 

from complete, although there is a growing body of research on its nature” (Lacruz et al. 

2012:1). The effort involved in PE remains a central (Koponen 2016:131) and an open 

(Vieira 2017a:161) issue for researchers. Theorists maintain that in order to advance a field of 

study, there needs to be “gradual accumulation of discrete pieces of knowledge” (Toury 

2012:4) from many individual or specific cases before generalities can be sought and theories 

formulated (Chesterman 2004:33). The field of PE and its associated effort looks to be no 

exception. 

3.2.1. Quantifying Post-editing Effort 

We now consider previous research devoted to the use, evaluation and development of some 

of the methods and tools for investigating and quantifying PE effort. Broadly speaking, such 

tools and methods are applied either during the PE process — based on an examination of 

what transpired when the post-editor carried out the task, or on the PE product — based on an 

examination of the final output in the target language after the post-editor completed the job. 

That being said, some sources claim that relatively less research focus and emphasis has 

hitherto been placed on the product-related aspect in previous PE studies (Nitzke 2016:84, 

Vieira 2017a:161). 

                                                           
26

 Machine translatability refers to the possibility of translating from one natural language to another by 
means of a computer (Chan 2017:250) 
27

 A controlled language is a restricted version of a natural language developed for a specific domain or 
purpose, which typically uses a clearly defined subset of grammar and lexicon and may include the 
terminology of a technical domain (Kittredge 2005:441). 
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Process-based methods include verbal protocols, eye tracking, keystroke logging, and screen 

recording. One of the earliest process-based methods used to study cognitive PE effort is 

verbal, or think-aloud, protocols (Krings 2001). Verbal protocols may take the form of 

concurrent and retrospective verbalization. Research participants ‘speak’ their thoughts 

as/after they perform the PE task, explaining the thinking behind what they are doing/have 

done and the decisions they are making/have made. The articulation about their thoughts and 

actions is recorded and transcribed for analysis. Although data elicited through verbal 

protocols can provide a useful window into the mental processes of post-editors, the 

technique has been criticized for its inherent drawbacks, including a substantial slow-down 

effect on the actual PE process and the potential incompleteness or inaccuracy of the 

participants’ verbalization (ibid.:278-279). For a more detailed discussion on the suitability of 

deploying think-aloud protocols in PE research, see O’Brien (2005:40-43). Such limitation 

notwithstanding, Vieira (2017b) has used verbal protocols recently in conjunction with eye 

tracking to compare different measures of cognitive PE effort. 

Eye tracking is a comparatively recent, technologically more advanced, and arguably more 

objective process-based method of estimating cognitive PE effort, borrowed from translation 

process research (O’Brien 2011b) and reading studies (Just and Carpenter 1980). The 

fundamental premise is that eye fixations (in terms of both frequency and duration) are 

indicators of cognitive processing, and longer fixations on particular items or words signify 

greater cognitive load associated with processing that item or word (e.g., Carl et al. 

2011:138). Among researchers who have used this method in their PE studies are O’Brien 

(2011a), Elming et al. (2014), Daems et al. (2015), Lacruz et al. (2016), and Vieira (2016b). 

Despite its increasing adoption in cognitive PE research, the eye-tracking method is not 

without its critics. Among the concerns are that eye-tracking data “are still relatively difficult 

to generate, and they do not provide insight into exactly what mental processes are engaged 

during eye fixations” (Lacruz et al. 2016:2). From a research design standpoint, one trade-off 

for using eye tracking is that backtracking through the text during PE (e.g., O’Brien 

2011a:211) and consultation of external resources is usually not allowed. These restrictive 

operating conditions are “necessary for a more reliable collection of gaze data” (Vieira 

2016b:46-47). Moreover, controlled lighting is needed when eye-trackers are deployed 

(Daems et al. 2017:6). Even though the lighting requirement can be readily fulfilled, not 

being able to scroll through a working document, whether up or down, is something which 

runs contrary to considerations for ecological validity.    
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Keystroke logging is an objective yet comparatively non-intrusive method for recording user 

data during the PE process, which researchers sometimes deploy together with eye tracking to 

estimate PE effort (e.g., Daems et al. 2016, Schmaltz et al. 2016). Keystroke logging 

programs such as Translog (Jakobsen 1999:9-20) and InputLog (Leijten and Van Waes 

2006), tools which were originally developed for translation and other writing process 

research, generate time-stamped logs of all keystrokes, cursor movements, and pauses which 

are breaks in keyboarding activities lasting longer than some user-specified durations. They 

provide an accurate stroke-by-stroke record of the logged PE session to facilitate quantitative 

investigations into PE effort, particularly pause-related microdata for the cognitive 

dimension. High level summaries as well as detailed data files can be obtained for 

comparison and analyses. One key difference between Translog (including its subsequent 

versions) and Inputlog is that the former comes with its own user interface, while the latter 

deploys in any standard Windows environment. Among others, O’Brien (2005, 2006a, 2006b, 

2007) uses Translog to generate user data to investigate all three dimensions of PE effort: 

temporal effort is represented by processing speed (words processed per minute), technical 

effort by keyboard actions (deletion, insertion, cut and paste), and cognitive effort by pause 

ratio (total pause time ÷ total PE time in segment). Subsequently, Lacruz et al. (2012) use 

InputLog to obtain pause data to extend O’Brien’s pause ratio as an indicator of cognitive PE 

effort by proposing their own metric — average pause ratio (average time per pause ÷ 

average time per word of segment) — which accounts for number and duration of pauses 

(Lacruz et al. 2012:1).   

Another method conceptually similar to keystroke logging for tracking and capturing a play-

by-play chronicle of the PE process is screen recording, with Camtasia, Flashback, and OBS 

Studio being some examples of generic ready-to-use programs. The main difference between 

keystroke logging and screen recording is the type of log files each method produces. The 

output from the former is primarily based on data — practically ready-made for numerical 

analysis — although limited playback of the logged process is available, whereas that from 

the latter is video-based and presented visually much like a movie. Unlike the more linear 

production of an emerging text when writing or translating, a post-editor often does not 

produce complete sentences or even words (unless retranslating from scratch), but makes 

disjunct changes in different parts (e.g., within a sentence, within a word) of an existing text. 

Therefore, it is extremely helpful to have a complete visual record of the entire PE process 

which provides unequivocal spatial reference to readily pinpoint the exact location of every 
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on-screen change the post-editor makes to the working text, including insertion or deletion of 

an isolated character or word here and there. For research designs that do not restrict post-

editors to only one pass through the working text in a strictly linear or sequential manner 

from one segment to the next, thereby allowing backtracking or revision by default, a video 

log has a distinct advantage over a data log for following post-editors’ recursive movements 

between as well as within segments. The drawback of a screen recording is that the log file 

still needs to be replayed and manually coded (e.g., for durations and edit types, which are 

deemed to be proxies for temporal and technical PE effort) for subsequent analysis, a step 

which is time-consuming.  

Moving on to product-based methods, Choice Network Analysis (Campbell 2000:29-42) and 

automatic MT evaluation metrics have been investigated as potential candidates to reliably 

and accurately quantify PE effort. Borrowed from translation process research, Choice 

Network Analysis (CNA) is presented as a method to model the mental processing 

underlying translation (ibid.:29). The theoretical basis for CNA is that the more ways there 

are to correctly translate a source segment by many translators, the wider its possible network 

of choices is deemed to be, and thus the greater its complexity and the more cognitive effort it 

requires to process. Conversely, if many translators render an identical target text for a source 

segment, then that source segment is seen as cognitively unchallenging and so requires 

minimal processing. Extrapolated into the PE scenario, the segment (or part thereof) which 

exhibits the greatest degree of variation after post-editing by multiple post-editors is assumed 

to pose the highest level of processing difficulty, as the problem associated with that segment 

(or part thereof) is cognitively more complex to fix. Triangulating CNA with Translog 

keystroke logging, O’Brien (2005) shows that evidence from CNA on difficulty of source 

text correlates with Translog’s extended pause data for cognitive processing. However, one 

significant concern with CNA as a method to quantify PE effort is that post-edited versions 

produced by small (i.e., not infinitely large) groups of post-editors may very likely represent 

only a portion, not the entire network or complexity, of choices available (ibid.:46-47).  

Also being investigated as potential quantifiers of PE effort in product-based approaches are 

the scores obtained from the automatic evaluation of MT quality. As seen in Section 2.3.1.2, 

automatic evaluation metrics (AEM) determine the textual similarity between raw MT output 

and reference translations to evaluate MT quality. Based on the premise that MT quality has 

an inverse relationship with PE effort (i.e., the higher the MT quality, the lower the PE 

effort), studies have been carried out to determine if AEM can be used as a quick and cheap, 
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yet reasonably accurate, means to quantify PE effort. Among the researchers who have 

worked in this area are Tatsumi (2009), who compares the correlations of the metrics BLEU, 

NIST, TER and GTM with human PE speed, taken as the proxy for overall PE effort. Her 

results indicate that, among the metrics tested, GTM scores show the highest overall 

correlation with PE speed, particularly for simple sentences containing a single clause. 

Subsequently, when examining the relationship between PE effort and four source text 

characteristics, namely complexity, ambiguity, grammar and style, Tatsumi and Roturier 

(2010) use GTM as the surrogate for technical PE effort.   

In 2011, O’Brien reports using GTM and TER in her exploratory research seeking to predict 

PE productivity of professional translators. She observes that GTM and TER score bands for 

groups of segments (not individual segment scores) correlate significantly with average 

processing speed, taken as the measure of temporal PE effort and calculated as words 

processed per second). Based on the assumption that PE effort is inversely related to PE 

productivity, O’Brien concludes that bands of GTM and TER scores may be “fair predictors 

of post-editing productivity” (2011a:210).  

Lately, TER appears to have featured more frequently as an indicator of effort in PE research, 

although this may simply be a reflection of more such research being carried out and 

published. For example, Gaspari et al. (2014) use TER as one of the objective metrics to 

scrutinize effort in their study that compares the perception of effort and speed with actual 

measurements of productivity differences for post-editing versus translating. In a study 

comparing conventional and interactive PE, García Martínez et al. (2015) attempt to see the  

correlation between TER with production time and duration of spans of keystrokes as proxies 

for temporal effort, as well as the number of deletions and insertions as measures of technical 

effort. Likewise, Alves et al. (2016) report about their experiment which correlates TER with 

editing time, eye fixations, and number of keystrokes as proxy for temporal, cognitive, and 

technical PE effort respectively, under the two different PE environments (i.e., conventional 

vs interactive). Adopting a slightly different emphasis, Moorkens et al. (2015) take TER as 

the measure of technical effort in investigating the correlation between perceived and actual 

PE effort. Having said that, critics have argued that automatic metrics do not accurately 

capture actual PE effort, despite their being used frequently to estimate MT quality (Daems et 

al. 2017:1).  
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To combine some of the different methods for quantifying PE effort discussed so far into a 

single PE environment, special platforms have been developed to capture the PE process and 

incorporate/customise built-in functionalities to yield selected PE effort indicators. We 

include here three examples, representing one each of a standalone, server-based and web-

based platform. The standalone device-based Post-Editing Tool PET (Aziz et al. 2012) is 

used by Koponen et al. (2012) for investigating the usefulness of keystroke patterns as a 

means to estimate cognitive PE effort. The effort indicators PET generates, by default, 

include time spent in editing, time spent in assessing, HTER scores and keystroke summary 

by the types of keys pressed. It further provides the facility for the post-editor to rate the 

perceived level of difficulty after each segment is post-edited. The server-based TransCenter 

(Denkowski and Lavie 2012) is used by Mellinger (2014) to log participants’ PE sessions in 

his study on cognitive PE effort. TransCenter also allows participants to rate their perception 

of PE effort for each segment of text they post-edit, and generate effort indicator data like 

keystroke types as well as count and type of edits.  

The web-based CASMACAT
28

 workbench, the bespoke suite of translation/PE tools 

developed primarily for the European localisation industry, offers users advanced computer-

aided translation functionality like interactive PE, intelligent auto-completion and word 

alignment information. It is also designed to facilitate translation and PE process research by 

incorporating capabilities to log user activity data like keystrokes and mouse clicks, and to 

integrate with eye-tracking technology to provide fixation and gaze data for investigating 

cognitive PE effort. Some recent studies using the CASMACAT workbench as the PE 

platform includes Alabau et al. (2016), Alves et al. (2016), and Daems et al. (2017). While 

these purpose-built PE tools may also be made available for use by researchers not affiliated 

to the institutions where they were developed, it is reasonable to assume that some form of 

familiarisation and training may be needed before an ‘outsider’ (whether it is a researcher or 

a participating translator) can use such tools effectively.          

Before leaving the topic of quantifying PE effort, we take a closer look at an easily deployed 

method that has been alluded to above — human assessment — which cannot be readily 

classified as either process or product-oriented. Here, humans, most often the research 

                                                           
28

 CASMACAT (Cognitive Analysis and Statistical Methods for Advanced Computer Aided Translation) was a 
research project co-funded by the European Union and carried out jointly by academia and industry. Its goal 
was to build the next generation translator’s workbench, tailored to the expressed requirements of translators 
and post-editors, to assist them to work more effectively and efficiently by improving productivity, quality and 
work practices in the translation industry (Ortiz-Martínez et al. 2012:326).  
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participants themselves, rate on an ordinal scale the amount of post-editing a raw MT 

segment needs to fix, or the level of difficulty entailed to do so. Occasionally, the assessment 

of the segment’s perceived quality is also taken as a measure of PE effort. However, while 

subjective human assessment is used frequently in PE studies, there does not appear to be a 

uniform or standard scale when deploying the method.  

To illustrate, a 3-category colour-coded scale is applied by Moorkens et al. (2015) in a study 

which compares predicted and actual PE effort of six professional translators. Some years 

earlier, in an investigation seeking to measure effort in terms of the time taken to post-edit 

machine-translated subtitles, de Sousa et al. (2011) use a 4-point scale to capture eleven 

participants’ assessment of PE effort. Koponen (2012) uses ‘ready-made’ ratings obtained on 

a 5-point scale to facilitate her study on the relationship between cognitive and technical PE 

effort. The ready-made manual scores, assessing a set of MT segments for perceived PE 

difficulty which Koponen takes as the predictor of cognitive effort, are generated from 

previous unrelated work carried out by other researchers. Popović et al. (2014) use two scales 

(4-point and 5-point) simultaneously, although the reason for this duality is not immediately 

apparent from their article. Two translators rate perceived quality of MT sentences as the 

proxy for cognitive PE effort in the study which explores the relationship between edit 

operations and PE effort. Meanwhile, Vieira (2014) adopts a 9-point scale, borrowed from the 

field of Educational Psychology, in his attempt to predict cognitive PE effort based on 

characteristics in the source text and the MT output, and participant attributes of source 

language proficiency and working memory capacity.  

From these examples, it is evident there is considerable variation when researchers use the 

human assessment method in PE effort investigations. Not only does the actual effort scale 

vary (from 3 categories to 9 points in our examples), the rating scores themselves are either 

generated by participants of the study being conducted or borrowed from other studies. 

Moreover, the scale may be applied before or after the PE task is carried out. The final 

choice, perhaps not unexpectedly, depends largely on the requirements and the design of the 

research project in question (Göpferich and Jääskeläinen 2009:171) and, no doubt, on the 

resources available at the material time as well.  

A major criticism of the method is its inherent subjectivity, which is perhaps unavoidable 

since human perception and judgement are involved. A consequent concern raised by some in 

the research community is the difficulty in obtaining inter-assessor agreement or reliability 
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when there is more than one human rater (e.g., Miller and Vanni 2005:125-132; Lommel, 

Popović and Burchardt 2014; Moorkens et al. 2015). Nevertheless, despite its drawbacks, it is 

likely that subjective human assessment will continue to be used in PE research, until some 

other reliable, objective and easy-to-use means of quantifying cognitive PE effort becomes 

available. Even in the wider field of translation research, there is still “no real substitute for 

human judgments of translations” (Sanders et al. 2011:752).      

3.2.2. Correlating Dimensions of Post-editing Effort 

Notwithstanding the range of methods and tools that has been evaluated and is available to 

quantify human PE effort, it is “still largely unclear how post-editing effort should be defined 

and measured” (Daems et al. 2017:1). Published literature indicates that research into 

characterising PE effort is biased towards examining and establishing relationships, both 

intrinsic and extrinsic ones. In other words, research has been carried out to determine, by 

means of various proxy indicators, how the three PE effort dimensions correlate internally 

among themselves, as the relationships between them are “far from straightforward” (Lacruz 

2017:387). Research has also focused, perhaps much more so, on how temporal, technical 

and cognitive PE effort and their various surrogates relate to and/or are impacted by external 

factors forming part of the MT workflow, as well as during and at the end of the PE process. 

Some of these external relationships are discussed in Section 3.3. One of the underlying goals 

of most, if not all, such correlational research is to ascertain whether any of the variables 

examined may be taken as reliable estimators of the effort needed to post-edit MT output. 

Understanding and quantifying this key component of effort in a machine translation 

workflow is not only important in a financial sense, it can also influence the manner and 

direction in which future machine translation systems are developed, and contribute to the 

training of post-editors.    

Some of the studies seeking to correlate the three dimensions of PE effort internally (i.e., 

among themselves) are listed in a chronological order in Table 3.2. Worth noting first of all is 

the comparative variation in the measures taken as proxies for cognitive PE effort in these 

studies. They include subjective perception of effort assessed after the PE exercise or 

predicted before that, ranked levels of difficulty of MT errors, MT quality as evaluated by 

humans, and lately, eye-tracking data, pause metrics and even a measure based on PE time. 

The range of surrogates used as cognitive PE effort indicators perhaps suggests that the 

process for investigating this dimension of PE effort is making considerable progress towards 
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maturity. In contrast, the indicators for temporal and technical effort have remained 

practically unchanged in the last few years, indicating that a state of relative stability 

probably already exists. The process and methods by which each study is carried out and the 

key findings with regards to correlating the dimensions of PE effort are considered below, in 

the order they appear in the table.  

 

Table 3.2. Comparison of inter-dimensional post-editing effort studies 

In the study carried out by de Sousa et al. (2011), the time taken by human volunteers (i.e., 

non-professionals) to post-edit each segment of English to Brazilian Portuguese machine-

translated subtitles is compared with the amount of effort they subjectively rated on a 4-point 

scale. These measures are taken to represent temporal and overall PE effort respectively. 

They report finding a strong correlation between the subjective PE effort scores and the 

Temporal Technical Cognitive Overall

de Sousa et al. 

2011
x x

Temporal - PE time 

Overall - perception

Compare PE time taken for 

each segment with amount of 

effort required as assessed 

after PE

Koponen 2012 x x
Technical - edit actions 

Cognitive - perception

Compare distribution of edit 

actions (PE changes) for 

segments predicted to 

require more or less PE 

effort 

Koponen et al. 

2012
x x

Temporal - PE time 

Cognitive - difficulty

Compare distribution of 

errors of different difficulty 

levels in segments needing 

more or less PE time

Popović et al. 

2014
x x x

Temporal - PE time 

Technical - edit actions 

Cognitive - MT quality

Compare edit rates for five 

types of edit actions with PE 

time & perceived MT quality; 

compare PE time for 

different levels of MT quality

Zaretskaya et 

al. 2016
x x

Temporal - PE time 

Technical - edit actions

Compare PE time taken and 

number of edit operations 

performed for different types 

of MT errors in segments 

manipulated to display only 

one error each

Vieira 2016b x
Cognitive - eye fixation, 

pauses, PE time, 

perception

Compare seven measures of 

cognitive effort using 

multivariate (principal 

component) analysis

Author / Year
PE effort dimension investigated

PE effort proxy Mechanism used
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actual time the volunteers took to post-edit the MT output. This result suggests that, in their 

study, task time may be a valid indicator of temporal PE effort, and has the added positive of 

being well-correlated with human judgement. It remains to be seen whether this extends to 

professional translators. 

To probe the relationship between technical and cognitive PE effort, Koponen (2012), 

analyses edit operations to identify the actual PE changes made in post-edited sentences that 

are rated by humans as requiring high, as well as low, PE effort (i.e., on either end of the 

scale). The sentences, and the associated effort ratings, have been ‘borrowed’ from an 

existing English-Spanish corpus of news texts used in the shared quality estimation task at the 

2012 Workshop on Statistical Machine Translation. Koponen’s findings indicate that the 

amount of PE changes in a segment (synonymous with sentence) does not always correlate 

with its perceived effort rating. Segment length, however, has a strong influence on the 

perception of how much effort is needed, regardless of the number of edit operations actually 

performed. Also, moving chunks of words (phrase reordering) is more frequently associated 

with higher perceived effort, while editing the wrong forms of correct words (morphological 

errors) appear to be cognitively easier. In other words, in Koponen’s study, edit operations do 

not reliably indicate cognitive PE effort, but segment length and some edit categories 

correlate more closely with the perception of effort. 

In a related study, Koponen et al. (2012) examine the relationship between cognitive and 

temporal PE effort. They seek to determine if MT errors of varying difficulty levels, as the 

surrogate for cognitive effort, is correlated with PE time and its normalised version of 

seconds per word (SPW), defined as PE time divided by the length of the post-edited 

sentence. The error typology adopted is the ranked error list proposed by Temnikova (2010), 

which is itself based on the error classification typology developed by Vilar et al. (2006). The 

occurrence and distribution of error types in segments with long PE times are compared 

against those with short PE times. Their findings suggest that, in general, errors ranked in 

Temnikova’s error model as more difficult to post-edit (e.g., reordering of phrases, missing 

words) tend to occur more frequently in segments needing a longer time to edit. Errors ranked 

as less difficult (e.g., errors of word morphology) are more commonly associated with 

segments with shorter PE times. Hence, there appears to be a correlation between the 

temporal and cognitive effort associated with these error types. However, there are also 

exceptions where errors ranked as difficult are not associated with segments which took a 

longer time to post-edit (e.g., punctuation errors). These anomalies have prompted Koponen 



 

66 
 

et al. to suggest that, when used by other researchers, the arbitrary ranking of the level of 

difficulty for the error types in Temnikova (2010) may need to be modified to suit the 

assumptions made in those other studies (Koponen et al. 2012:19). 

Another study which investigates the intrinsic correlations of PE effort dimensions by means 

of MT errors is reported by Popović et al. (2014). However, the Popović study uses a 

somewhat different approach from that of Koponen et al. (2012). Instead of identifying errors 

per se in the MT text, Popović et al. analyse the PE operations performed, a procedure which 

is an “implicit error markup” exercise (Lommel, Popović and Burchardt 2014:31), as opposed 

to an explicit one which looks directly at errors. To illustrate, the edit operation of deleting an 

addition implies that there is an extraneous translation in the MT output, while correcting a 

work order problem points to the(those) word(s) being in the wrong place within the segment. 

Moreover, MT errors are not viewed through the lens of cognitive effort. Instead, the edit rate 

for MT errors (calculated as the number of edited words ÷ number of words in the segment) 

is taken as an indicator of technical effort, and explored for possible correlations with MT 

output quality as the measure for cognitive effort. The working assumption of Popović et al. 

is that MT output ranked highest in terms of quality requires the least post-editing, and hence 

the least PE effort. After each of the MT sentences (2,525 French to English and 3,254 

English to Spanish extracted from training data for shared tasks in previous Machine 

Translation Workshops) is rated for quality and post-edited by two human post-editors (one 

for French to English and the other for English to Spanish), the post-edited sentences are then 

analysed automatically for five types of edit operations: namely, correcting errors of word 

form, word order and word choice; adding omissions; and deleting additions. The edit rates 

for all five types of edit operations are found to increase as the level of perceived MT quality 

falls — more editing is needed to fix poorer MT quality — suggesting that a direct 

correlation exists between technical and cognitive PE effort.  

In the same study, Popović et al. also seek to relate PE time with the distribution of the five 

edit types; in other words, correlate temporal and technical PE effort. They find that the five 

edit types vary in the amount of time required to perform, with the correction of word choice 

errors taking the longest time, for both language pairs investigated. This observation suggests 

that rectifying word choice errors may be technically more effortful than the other types of 

errors. Additionally, by examining edit rates, Popović et al. attempt to establish whether a 

relationship exists between cognitive and temporal PE effort. Indeed, PE time increases as 

MT output quality decreases, but this is observed only in some cases, not all. After further 
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analysis, they conclude that PE time is most impacted by correction of lexical choice and 

word order errors, as well as sentence length. 

Yet another recent study that leverages MT errors to examine inter-dimensional correlations 

in PE effort is that of Zaretskaya et al. (2016), which involve 19 translation students post-

editing German sentences machine-translated from English. The unusual features in their 

study are that the test data set consists of 200 disjointed sentences, every one of which only 

contains one error each, and the errors are explicitly highlighted in the working text for 

participants to post-edit. While these control measures may enhance construct validity, 

ecological validity of the study is problematic in that such working conditions hardly ever 

exist in the real world of translation or post-editing, professional or non-professional. While 

Zaretskaya et al. acknowledge this limitation (ibid.:70), a further point of concern they do not 

address is that by overtly indicating to participants the sole error in each sentence, the PE 

effort captured from these participants may actually be incomplete. Implicit in Mossop’s 

argument “you cannot correct a mistake until you have found it” (2014:165, emphasis in 

original) is that the (post-)editing process rightly includes the identification of textual 

problems. Therefore, by default, the study carried out by Zaretskaya et al. excludes the effort 

their post-editors would have had to expend to detect the errors in the sentences to be post-

edited.  

That being said, the temporal effort indicator in their study is PE time, while that for technical 

effort is the number of edit operations which Zaretskaya et al. refer to as PEE (post-editing 

effort). The PE sessions are carried out and logged in a web-based PE environment. After 

adjusting for technical issues encountered during remote logging, for sentences which are not 

edited or where PE is incomplete, and so on, some 860 target language sentences yielded 

usable data. The Pearson coefficient (r = 0.10) at a very significant level (p = .0026) obtained 

between PE time and PEE indicates there is negligible correlation between the temporal and 

technical dimensions of PE effort. This means that, in the Zaretskaya study, the number of 

edit operations needed to post-edit a sentence has little or no bearing on the time taken. 

Moreover, an examination of the relationship between PE time and post-edited sentence 

length shows a weak but highly significant correlation (r = 0.26 and p = .0002). This finding 

contradicts the strong, almost linear influence of sentence length on PE time reported by 

Popović et al. (2014), possibly because the time needed to identify errors has been excluded 

in the study of Zaretskaya et al. However, their observation that word order errors associate 

most frequently with the highest edit rates suggests such errors require more technical effort 
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to post-edit than the other error types investigated. This appears to corroborate, at least in 

part, earlier findings that phrase re-ordering is more effortful to post-edit cognitively 

(Koponen 2012) as well as timewise (Koponen et al. 2012).   

Meanwhile, Vieira (2016b) conducts an experiment, focusing solely on cognitive PE effort, 

to explore how different measures of this one dimension associate with one another, and how 

reliable these measures are as indicators of cognitive effort relative to each other. Ten 

participants (5 professional translators and 5 student translators with no professional 

experience), all native speakers of English with above average proficiency in French, post-

edit the English MT of 41 French sentences (consisting 844 words) randomly selected from 

news texts used in the 2013 Statistical Machine Translation Workshop. The seven proxies of 

cognitive PE effort Vieira looks into are fixations per word, average fixation duration, pause 

ratio (O’Brien 2006b), average pause ratio (Lacruz et al. 2012), pause-to-word ratio, seconds 

per word and subjective ratings. The user data (PE time, output length, effort rating, gaze data 

and pause data) needed to facilitate analyses are collected during PE sessions performed on 

and logged by the post-editing tool PET (Aziz et al. 2012) which was fitted with eye-tracking 

equipment. In order not to jeopardise the collection and the quality of eye fixation data, the 

post-editors are not allowed to back track through the working text. For the same reason, 

neither is consultation of external resources permitted.  

Just as with the study of Zaretskaya et al. (2016) discussed earlier, Vieira’s study (2016b) 

likewise prioritises the emphasis on construct validity rather than ecological validity. That 

notwithstanding, a multivariate principal component analysis reveals that the seven indicators 

of cognitive PE effort being investigated tend to gravitate into two clusters, differentiated by 

how sensitive each of them is to the influence of total PE time. Measures like seconds per 

word and fixations per word ‘belong’ in one group, while subjective ratings and average 

fixation duration the other. Between the two clusters of cognitive effort measures, those in the 

former appear to be more highly correlated among themselves and more reliable than those in 

the latter, particularly for small sample sizes (i.e., when the number of participants is limited).            

3.3. External Factors Impacting Post-editing 

Moving on from inter- and intra-dimensional correlations to the influence and impact of 

‘outside’ factors, published literature includes studies and reflections on the relationships 
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between post-editing and various elements in the text production
29

 part of a machine 

translation post-editing workflow. The areas of interest include, but are not limited to, the 

following
30

:      

 the source text – machine translatability and negative translatability indicators, or 

linguistic features such as passive voice which are known to be problematic for MT 

(e.g., O’Brien 2004, 2007); controlled language (e.g., Aikawa et al. 2007, Temnikova 

2010); source text characteristics such as complexity (e.g., Tatsumi and Roturier 

2010) and sentence length (e.g., Koponen 2012, Popović et al. 2014) 

 the MT output – its quality and how measures of MT quality relate to PE effort (e.g., 

García Martínez et al. 2015, Sturgeon and Lee 2015); the effect of using different MT 

systems on the output produced (e.g. Koehn and Germann 2014); the number and 

types of errors it contains, and how PE effort is impacted (e.g., Daems et al. 2015, 

2017) 

 the post-editor – their perception of PE effort and how that correlates with actual PE 

effort (e.g., Mellinger 2014, Moorkens et al. 2015); their attitude towards MT (e.g., 

Mitchell 2015b, Cadwell et al. 2018); their level of experience in translation and PE, 

domain expertise and subject knowledge, and whether they received formal 

translation training (e.g., de Almeida and O’Brien 2010, Temizöz 2013); post-editor 

training and how to teach PE (e.g., O’Brien 2002, Koponen 2015, Rico et al. 2018); 

their working language proficiency and directionality (e.g., Pokorn 2005, Sánchez-

Gijón and Torres-Hostench 2014); their productivity and/or throughput (e.g., 

Guerberof 2009, Plitt and Masselot 2010, Aranberri et al. 2014) 

 the PE task – availability of post-editing guidelines and how post-editors apply them 

(e.g., Flanagan and Christensen 2014), the impact of integrating translation memories 

with MT (e.g., Guerberof 2009, Bundgaard 2017), interactive PE environments (e.g., 

Alves et al. 2016), predicting PE productivity (e.g., O’Brien 2011a, Marg 2016), 

consulting resources (e.g., O’Brien 2007, Daems et al. 2016), revision (e.g., Temizöz 

2013, Carl et al. 2015,  Mellinger 2018)     

                                                           
29

 A consideration of the other entities involved in the workflow, like the client, the user, the target audience, 
the project manager, the translation company, pricing, and so on, is not within the scope of the present thesis.   
30

 Some of the papers listed have already been reviewed in more detail in Sections 3.2 and 3.2.2 in the context 
of PE effort and its inter-dimensional correlations, but are mentioned again for completeness and not 
discussion. 
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 the post-edited text – its quality (e.g., O’Curran 2014, Vieira 2017a), the correctness 

and necessity of edit actions taken (e.g., Koponen and Salmi 2017)     

It can be seen from this summary that many factors impacting on PE effort and PE process 

have been and are being investigated. In line with the research focus of the present study, a 

more detailed discussion is directed in this sub-section at perceived versus measured PE 

effort, self-revision during post-editing, and consultation of external resources during the PE 

task. The review of relevant literature related to training and experience, productivity and 

quality, attitude towards MT and directionality are undertaken separately in subsequent sub-

sections. 

3.3.1. Perception of Post-editing Effort 

With regards to comparing perceived and measured PE effort, Mellinger (2014) reports on 

the relationships between perception and all three dimensions of PE effort, as part of a wider 

empirical study which investigates primarily cognitive effort at three levels of translation 

memory matches: no match, fuzzy match (75-99%), and 100% match. In Mellinger’s case, 

the Spanish source text is an excerpt from a newspaper article, and nine translators with 

similar level of experience and all native speakers of English edited in English. Perceived 

difficulty level (the surrogate for perceived effort) for each segment is rated by the 

participants on a 5-point Likert scale after they have completed the segment. The actual effort 

exerted during (post-)editing, represented by processing time for temporal effort, number of 

keystrokes and mouse clicks for technical effort, and pause data (to calculate average pause 

ratio) for cognitive effort, are captured using TransCenter (Denkowski and Lavie 2012), the 

web-based platform on which participants performed the research task remotely. The average 

pause ratio, defined as the average time per pause in the segment divided by the average time 

per word (Lacruz et al. 2012), is calculated from pause and processing times.  

Mellinger finds statistically significant correlations, some positive and some negative, 

between perceived effort and all four measures of actual effort among some of the 

participants (2014:73-78). A summary of the significant correlations
31

 observed between 

perceived difficulty and the other PE effort indicators for each participant is provided in 

Table 3.3. Perceived PE effort rated by three of the nine participants, namely participant 2, 4, 

and 7 (highlighted in grey) correlate with their measured effort for all three technical, 

                                                           
31

 Mellinger calculates both Pearson and Spearman correlation coefficients for his PE effort data. In Table 3.3, a 
participant is included (i.e., marked ‘x’) if at least one of the two coefficients is statistically significant.    
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temporal and cognitive dimensions. Mellinger suggests that this sub-group of three may be 

much more aware of the effort required to carry out the task than the others, and so they 

consciously assess the effort exerted as they worked. We note that Mellinger’s thesis does not 

elucidate whether any test for inter-rater reliability has been carried out on the perception 

scores provided by the participants. The simple statistic could have provided useful insight as 

to how consistent, or otherwise, the participants’ perceived effort ratings are.   

 

Table 3.3. Inter-dimensional correlations observed in PE effort (Mellinger 2014:73-78) 

Moorkens et al. (2015) also test for correlations between perceived and measured PE effort. 

However, instead of rating perceived effort expended after editing each segment, six 

participants estimate/predict the effort they perceive will be needed for each segment, weeks 

before performing the English-to-Brazilian Portuguese PE task. Post-editing sessions for only 

four of the original six participants, all experienced translators and post-editors, are 

subsequently carried out on and logged using a beta version of an open source CAT tool 

(Hokamp and Liu 2015) being developed at the time. An eye-tracker is simultaneously 

deployed to capture participants’ gaze patterns in terms of fixation counts and duration. The 

actual temporal effort expended for each segment, extracted from the time-stamped logs, is 

taken as the time difference between the first edit action the post-editor takes in the segment 

and when they complete that segment, denoted by the tag ‘segment-finished’ in the log. 

Actual cognitive effort is measured by the number and duration of eye fixations recorded, 

while actual technical effort is obtained by computing TER (Snover et al. 2006) scores for 

edit distance between post-edited versions and the corresponding machine translated output.  

The overall results obtained by Moorkens et al. (2015:13) show that average perceived effort 

ratings are moderately correlated with PE time (rs = 0.492, p = .000) and fixation count (rs = 

0.411, p = .000), while a stronger correlation is observed between perceived effort and TER 

Temporal PE effort Cognitive PE effort

(Keystrokes) (MouseClicks) (Processing time) (Average pause ratio)

1 x x

2 x x x

3 x x

4 x x x

5 x x x

6 x x x

7 x x x

8

9 x

Perceived PE effort (difficulty rating) signficantly correlated with

Participant Technical PE effort
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scores (rs = 0.652, p = .000). Moreover, inter-rater agreement for prediction of PE effort is 

low and therefore not a very reliable indicator. As such, Moorkens et al. conclude that, in 

their study, predicted effort assessed subjectively by human participants may not be an 

efficient basis for quantifying PE effort. It is unclear from their article how self-revisions by 

the post-editors are dealt with, or indeed if self-revisions are performed or even permitted. It 

is more than likely that if this factor had been taken into consideration, the measurements of 

all three dimensions of PE effort would have been impacted, at least to some extent.   

Yet another study which includes a comparison between the perception and reality in PE 

effort is reported by Gaspari et al. (2014). Here, we confine our discussion to parts of their 

article which pertain to the correlation between perceived speed and measured PE time. The 

participating translators have varying levels of relevant translation experience, but all have no 

PE experience or training. Gaspari et al. look at perceived versus actual temporal PE effort 

through the lens of productivity gain or loss when the 20 participants (4 groups of five 

participants, one group per language direction) post-edit and translate bi-directionally for 

German and English, and also Dutch and English. Four wiki texts, one for each language 

direction, of around 6000 words apiece are used. Participants’ perception of speed in 

completing the task is assessed by means of a 5-point Likert scale after they have finished, 

while processing time (in seconds per source word) is obtained from default time stamps 

from the PE/translation tool. Their findings with regards to perceived speed against actual PE 

time are provided in Table 3.4.  

 

Table 3.4. Perceived vs measured temporal PE effort (Gaspari et al. 2014:63-67) 

Participants’ perception of processing speed accurately reflects actual processing time in 

three of the four language directions investigated. The exception is the English-to-German 

(EN->DE) direction (highlighted in yellow), where the participants’ perception of translation 

Language 

direction
Perceived speed Actual PE time

Productivity 

change with PE

DE->EN
Translation faster 

than post-editing

Translation faster 

than post-editing
-19%

EN->DE
Translation faster 

than post-editing

Post-editing faster 

than translation
+4%

NL->EN
Post-editing faster 

than translation

Post-editing faster 

than translation
+14%

EN->NL
Translation faster 

than post-editing

Translation faster 

than post-editing
-8%
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being faster than post-editing does not align with measured PE time as the proxy for temporal 

PE effort. Of the four language directions, post-editing of MT output has led to a gain in 

productivity for Dutch-to-English (NL->EN) by 14% and for English-to-German (EN->DE) 

by 4% (highlighted in grey). For the other two directions, post-editing is slower than 

translation and productivity level drops. From these observations, it may be said that 

perception and reality do not always coincide, and language direction may play a part in this 

non-congruence. It also underscores, yet again, that post-editing in and by itself does not 

always lead to an increase in productivity over translation from scratch. What other factors 

come into play, what role they play and how much influence or cross-influence they exert are 

areas that await elucidation from more research.   

3.3.2. Self-revision in Post-editing 

International Standard ISO 18587:2017 provides that a process needs to be in place to verify 

the “final product against specifications before the release of the post-editing output for 

delivery to the client” (2017:7). The Standard is, however, silent about what these 

specifications are or should be, leaving that aspect instead to the service providers and the 

clients to reach a commercial arrangement. In the absence of specifics for revision or self-

revision in PE in the ISO 18587, the researcher has referred to ISO 17100 instead. 

International Standard ISO 17100:2015 “specifies requirements for all aspects of the 

translation process directly affecting the quality and delivery of translation services” 

(2015:vi). It includes a provision in its Section 5.3.3 that makes revision of a translation by a 

second, equally qualified (if not more so) translator a mandatory step in the quality assurance 

process. While this provision is a prudent move towards safeguarding quality of translated 

products, self-employed freelance translators working individually and on their own are 

especially likely to find it unrealistic or unaffordable to bear the cost of implementing the 

two-pairs-of-eyes quality check principle. 

In such cases, the only fall-back position is “self-revision” (ibid.:10, Mossop 2014:187), 

where the translator revises their own translation to their own satisfaction before delivering 

the job to the client, whether it is the end-user or the next step up the translation production 

chain. Having said that, even freelance translators who contract with translation service 

providers where other-revision is standard practice, and therefore know that someone else 

will revise their translation, can hardly afford to submit work “without some form of 

checking or modifying” first on their own (Shih 2006:295). In most cases, not carrying out 
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self-revision may negatively impact the quality of target segments (Bundgaard 2017:57). 

From another perspective, including a consideration of self-revision in PE research is 

important, particularly in productivity studies. It has been shown that failing to take 

translators’ self-revision into account risks substantially overstating throughput increase for 

MT over human translation (Moran et al. 2014:144). In the present study, self-revision is 

taken into consideration. It encompasses the reviewing/revising activities after the main post-

editing of the MT output (referred to as ‘first pass’) has been done. Data coding for the self-

revision activities will be further explained in Section 4.8.2.  

Despite revision and editing being positioned as the “bastion of quality” (Mellinger 

2018:311), there is at present a relative dearth in published empirical research on revision 

behaviour and performance (ibid.:322). This is probably due, in part, to the fact that research 

design of previous studies often disregard (self-)reviews or discourage/disallow backtracking 

through segments, focussing instead on just one or the first pass through the working text 

(e.g., Federico et al. 2012, Green et al. 2013, Guerberof 2014a, Vieira 2016b). That 

notwithstanding, among recent literature that includes a consideration of the (self-)revision 

activity during post-editing are Temizöz (2013), Carl et al. (2015), and Bundgaard (2017). 

As part of her doctoral research, Temizöz (2013) touches on self-revision (i.e., revising one’s 

own work) in two groups of participants, consisting of ten professional translators without 

engineering expertise and ten engineers without any professional translation experience as 

subject matter experts. The participants are all native speakers of Turkish and they are 

required to post-edit a 482-word automotive text which has been machine-translated into 

Turkish from English using Google Translate. The PE process for each participant is captured 

using the screen-recorder BB Flashback. The duration for all instances of self-revision seen in 

the screen logs during playback are noted and summed, by participant. Temizöz finds that six 

out of ten translators self-revised, against only three out of ten engineers. This is likely due to 

the effect of translator training which stresses the importance of self-revision as part of 

quality control. On average, each translator spends just over eight minutes on self-revision 

(total task time is 62.7 minutes) while the corresponding mean self-revision time for an 

engineer is just under five minutes (total task time is 55.7 minutes), although the difference in 

self-revision time is not found to be statistically significant (ibid.:126).           

The greater part of Temizöz’s research focus, though, is on other-revision (i.e., revising 

someone else’s post-edited output, as opposed to one’s own). She compares relative speed 



 

75 
 

and final quality of two opposing work cycles: translators revising the post-edited texts 

derived from engineers against engineers revising the post-edited output produced by 

translators. The measure for speed is words processed per minute, and the measure for quality 

is facilitated by error analysis based on a quality assurance model of the now defunct LISA 

(Localization Industry Standards Association). The revised versions are evaluated against a 

reference translation of the source text obtained from a separate collaborative effort by an 

independent engineer-professional translator team. A percentage score to indicate quality is 

automatically calculated by the LISA model once all identified errors are entered by category 

and severity into the system. Overall, no significant difference for the two different work 

cycles is observed with regards to speed. In terms of overall final quality, engineers revising 

translators’ post-editing lead to significantly higher quality improvement than the other way 

around, particularly when recurrent errors are penalised. However, as considerable variation 

is also observed on the individual engineer-translator pair basis, Temizöz cautions that both 

subject matter expertise and translation experience are important considerations when aiming 

for high PE output quality. We will revisit the role of experience in Section 3.4.2. 

Meanwhile, Carl et al. (2015) report on an English-to-German PE study, which is part of a 

larger multilingual project comparing the efficiency, and self-revision strategies and 

processes, of professional translators and student translators under three scenarios: translating 

from scratch, conventional PE, and monolingual PE. Six English source texts between 110-

161 words long are extracted from encyclopedias and news articles, and four of them are 

translated by Google Translate into German for the PE tasks. The tasks are carried out by 24 

native German speakers (12 translators and 12 students), and their sessions are tracked with 

keystroke logging and eye tracking. From progression graphs plotted with the keystroke and 

gaze data obtained in the conventional PE sessions, a self-revision phase may be clearly 

identified in many cases. During the self-revision phase, which occurs after a much longer PE 

phase when most of the changes are made, the post-editor mainly re-reads the post-edited text 

with minimal consultation of the source text. Although a parallel is not overtly drawn by Carl 

et al. in their paper, the self-revision phase observed towards the latter part of the PE process 

may be seen as “end revision” behaviour, and not “constant revision” behaviour (Carl et al. 

2011, unpaginated, emphasis in original) among their group of post-editors. Constant revision 

behaviour is when the translator, over and above an end revision phase (equivalent to the self-

revision phase), also makes a large number of online revisions to revise/edit the text during 

the main drafting phase itself (equivalent to the main PE phase).  
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The research focus of Bundgaard’s doctoral thesis (2017) is translators’ interaction with MT-

assisted TM translation, where an MT engine is integrated into a TM environment. When no 

match (defined as less than 70% fuzzy match) for a source segment is available from the 

memory, the MT automatically suggests a hypothesis for post-editing. Bundgaard 

investigates the revision behavior (consisting of revising/editing TM matches and post-

editing MT hypotheses) of eight native Danish professional translators. Data is collected 

principally by means of screen-recording and keystroke logging in a naturalistic setting at the 

participants’ usual place of work, using equipment and two English technical texts from 

genres they are familiar with. Supplementary data is also collected through participant 

observation and cued retrospection. Bundgaard’s findings with respect to her participants’ 

self-revision behaviour broadly corresponds to the “checking” phase of her study (ibid.:200-

210), or “end revision” in Carl’s nomenclature (2011, unpaginated). 

From the screen-recording logs, six of the seven participants
32

 are seen to self-revise the 

target texts they have produced. On average, 11.7% of the total processing time (i.e., for 

editing + checking) is spent on self-revising one text, and 15.4% on the other text. Bundgaard 

also observes a pattern where translators who spend a higher percentage of total time in self-

revising do so for both the texts they worked on. Likewise, translators who spend a lower 

percentage of total time on self-revising do so for both texts. One of the participants does not 

even self-revise at all, again for both texts. She further observes that “some translators make 

many changes during checking, whereas others are very thorough during editing and then 

make few changes” afterwards (ibid.:204). These observed patterns suggest that Bundgaard’s 

cohort of translators may have their individual way of dividing their time between the main 

PE and self-revising phases, as well as their own self-revision styles.  

3.3.3. Consulting External Resources 

To conclude the discussion on PE effort and the PE process, we now consider post-editors’ 

consultation of external resources, an aspect which plays an important yet often under-

emphasized and under-researched role in (machine) translation. Gough estimates that 

professional translators can spend up to one third of total translation time on consulting 

external resources (2018:9). External resources are distinguished as those which translators 

access when they switch from the environment of the emerging text currently being worked 

on to an external one, as the result of additional information being needed to complete or 
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 The screen recording file of one of the eight participants was accidentally deleted (Bundgaard 2017:85).  
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resolve a problem in the task at hand. Gough’s definition of external resources is observed 

and adopted in this thesis. In the heavily technologised translation environment of today, 

support from web-based resources such as online thesauri, knowledge-based resources, 

parallel texts, discussion forums, search engines and so on, is the “norm in everyday 

translation practice” (ibid.:13).  

A pilot study, carried out by Zapata (2016), observes the interaction between seven 

professional English-to-Spanish translators and external resources during a PE task. By 

means of screen recordings, Zapata compares, among other goals, how participants make use 

of informational resources during traditional and interactive post-editing of medical texts; 

that is, the way they access external resources, including a bilingual concordancer prototype 

(BiConc) integrated into the CASMACAT workbench where the tasks are carried out. Only 

three of the seven translators are observed to have used BiConc during the task. This level of 

uptake may be attributed to force of habit — translators default to the resources they are most 

comfortable with despite circumstances and/or instructions to the contrary, in this case the 

availability of a new bilingual concordancer in the workbench. In addition to accessing the 

concordancer provided in the workbench, the same three participants
33

 also consulted 

Linguee, another bilingual concordance, on the Internet. This online concordance is the most 

visited web-based resource by the trio, which shows that the resource is necessary and goes 

towards the familiarity explanation. During the PE task, other Internet resources the three 

participants accessed are terminology databases (IATE and TermCat), Google searches, and a 

bilingual dictionary (WordReference). However, exact figures on the use of these external 

resources are not available from Zapata’s study, as screen recordings do not yield quantitative 

information automatically or readily.                

Daems et al. (2016) examine the impact making use of external resources has on overall 

productivity and final quality, two key considerations in any commercial (machine) 

translation workflow, by comparing translation from scratch with conventional PE. The 

English source texts for the experiment are news articles, all containing 150-160 words made 

up of 7-10 sentences each 15-20 words in length, and have been specially selected for similar 

complexity (as determined by Lexile measures). Likewise, the machine-translated Dutch 

texts, derived from Google Translate, are also chosen based on a similar number and type of 

problems each contains. Ten Master-level Dutch translation students each post-edited four 
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 The web search behaviour of the other four participants was not reported, as Zapata (2016) only focused on 
the three participants who accessed BiConc. 
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articles and translated a further four on CASMACAT, producing 80 target texts in total. 

Concurrently, a key-logging program records the sessions and an eye-tracker (used with a 

chinrest to restrict the participants’ head movements) captures gaze data.  

The three most visited external resources are found to be dictionaries, concordancers and 

search queries via the Google Chrome browser for both post-editing (making up ~85% of 

total search time) and translation from scratch (making up ~75% of total search time). 

Interestingly, these resources are also three of the four most frequently accessed external 

resources in Zapata’s cohort of professional translators (2016:146). It might be worthwhile to 

investigate whether this seeming commonality is observed for other language pairs and text 

types to see the extent to which it applies, or not. Meanwhile, analysing the keylogging data 

further using linear mixed effects modelling, Daems et al. show that spending time on 

consulting external resources tends to increase overall task time (2016:123). In other words, 

and to be expected, productivity is negatively impacted by the added time spent on consulting 

external resources.  

To further explore whether this loss in productivity is counterbalanced by any gain in final 

quality, Daems et al. examine error scores. Their data shows that, for post-editing, spending 

more time on external resources is associated with a higher overall error score indicating 

deterioration in overall quality. This observation is somewhat surprising, as it suggests that 

the participants’ searches for information to perform the PE tasks are not always as successful 

as they should or could have been. Overall, however, Daems et al. conclude that despite the 

less effective use of external resources by their student translators, post-editing is still a more 

productive activity than translation from scratch, without any significant adverse effects on 

final quality.                   

3.4. Training and Experience 

In recent years, post-editing is increasingly being offered as a mainstream product by 

translation service providers. “By all indications, more translation professionals than ever are 

involved in post-editing raw MT” (Muegge 2014:23), although Drugan raises the concern 

that there is still a “dearth of linguists with experience of post-editing MT” (2013:110). 

Meanwhile, Aranberri observes that “professional translators are often faced with this 

unknown task [of post-editing] with little training and support” (2017:89). In this section, we 

examine PE training and the role of experience. 
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3.4.1. Post-editing Training 

Existing translation practitioners tend to be seen and targeted as obvious post-editors 

(O’Brien 2011a:197), since many of the skills needed to carry out the two jobs are thought, 

rightly or wrongly, to be common. Yet, “untrained translators do not necessarily make good 

post-editors” (Aranberri 2017:89), and even “the best human translators are not necessarily 

the best post-editors” (Gaspari et al. 2014:64). Training, it appears, is a key ingredient needed 

to transition translators successfully into post-editors, a necessity which O’Brien already 

pointed out some fifteen years ago (2002:100). However, International Standard ISO 

18587:2017 includes only a rather superficial treatment of PE training. It lists, in the form of 

an informative annex, some of the likely benefits of providing PE training, and suggests that 

trainees can be acquainted with advanced use of translation technology like TM and MT, and 

tools for managing terminology and checking quality (2017:9). Furthermore, “(p)apers or 

studies on teaching post-editing are sparse” (Carl et al. 2015:150). These observations not 

only indicate a crucial need for adequate post-editor training, but also for knowledge and 

information about such training to be gathered and shared.  

Of late, a small number of papers have emerged, providing some insight into the teaching of 

post-editing in translation pedagogy programmes at institutions of higher learning. Among 

these, Doherty and Kenny (2014:300) have explicitly included critical appreciation and 

hands-on practice of post-editing in the syllabus of a translation technology module taught to 

Master level translation students at Dublin City University (DCU). In another paper, 

Koponen (2015) describes a post-editing course she has designed and taught at the University 

of Helsinki (UH). The UH course is noteworthy in that it is dedicated to MT and PE, as 

opposed to MT/PE being embedded as part of a translation technology module. In addition to 

a theoretical treatment of MT and PE, and hands-on practical post-editing, the syllabus 

includes content related to aspects like PE process research, PE effort, PE competences and 

monolingual post-editing.  

Rico et al. (2018) summarise the outcome of a PE seminar held at Universitat Autònoma de 

Barcelona as part of a specialised translation course for 30 final (fourth) year undergraduate 

students without any PE experience. Their premise is that universities need to stop ignoring 

post-editing but instead rise to the challenge to actively prepare students for the inevitable 

(ibid.:214). It is unclear from their paper when the seminar was delivered, or indeed, what its 

longevity was (i.e., whether it was a one-off event), but 25% of the content delivered at the 
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seminar consists of theory (on the evolution and types of MT systems, basic criteria for pre-

editing and post-editing) and practice components (a small PE task of 20 sentences the main 

focus of which is to analyse productivity and quality). The other 75% is devoted to group 

work where students gain first-hand experience in comparing and contrasting three different 

online MT systems, post-editing their output, as well as appreciating the potential effect of 

pre-editing on MT output quality. Overall, Rico et al. report that students at the PE seminar 

are able to follow all instructions without difficulty, complete the tasks successfully, and 

grasp concepts and learn techniques of pre-editing and post-editing readily. In addition, the 

students acquire a new perspective on MT with the self-realisation that their earlier less-than-

positive preconceptions are perhaps unfounded.     

Besides PE training as part of a formal semester-long academic module, also available 

occasionally are shorter PE workshops which offer dedicated training for specific language 

pairs. One example is a seven-week part-time PE workshop organised by IXA Group
34

 at 

University of Basque Country for ten very experienced professional translators, as reported 

by Aranberri (2017). Apart from its didactic purpose, one research goal of the said workshop 

is to obtain initial insight into what professional translators intuitively do when they perform 

a Spanish-to-Basque PE task for the first time. Aranberri focuses on the post-edits her 

participants made to the MT output, to determine whether the changes are essential or 

preferential ones (i.e., whether the edits are necessary to fix grammatical and semantic issues 

in the MT output, or otherwise). The data elicited from her trainee post-editors indicates that 

essential changes outnumber preferential ones by a factor of more than five to one. Moreover, 

among Aranberri’s group of professional translators, replacement edits (at 64% of total) are 

the most frequent type of changes made to the MT output, followed by reordering edits at 

18%, while deletions and additions constitute 11% and 7% of total edits respectively.   

In addition, some translation industry stakeholders have also contributed towards post-editor 

training by running targeted, self-paced online certification courses. For instance, SDL, a 

global provider of language and content management services, has since mid-2014 offered a 

language-independent e-training course for post-editing
35

, available to its customers on a paid 

basis. At around the same time, TAUS also launched its user-paid post-editing course
36

, 

which incorporates PE exercises tailored to specific language pairs and directions. According 

                                                           
34

 http://ixa.si.ehu.es/?language=en 
35

 https://www.sdltrados.com/learning/training/post-editing-machine-translation.html 
36

 https://www.taus.net/academy/taus-post-editing-course 

http://ixa.si.ehu.es/?language=en
https://www.sdltrados.com/learning/training/post-editing-machine-translation.html
https://www.taus.net/academy/taus-post-editing-course
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to information on its website as at the end of May 2018, exercises from Asian languages into 

English are not yet available, although exercises from English into Chinese, Japanese and 

Korean are listed in the course’s language direction menu.  

Moving away from a European focus and European language pairs
37

, we now consider the PE 

training landscape elsewhere; in particular, for the Chinese-English pair taking the case of 

Hong Kong as an example. Due to its British colonial legacy and its unique historical position 

as the English-speaking world’s gateway into China, Hong Kong is often seen as the earliest 

and most active centres of translator education for the Chinese-English language pair. This de 

facto ‘leadership’ status pre-dates China’s economic reform and open door policy in the latter 

part of the 20
th

 century. An earlier review of translation technology courses taught in Hong 

Kong universities reveals that two of the courses
38

, one each from two of nine officially 

recognised tertiary institutions in the territory, have explicitly included PE use and practice as 

intended learning outcomes in their course descriptions (Fung 2011:32). However, a search 

for similar information in May 2018 indicates that the said courses with specific PE content 

are no longer available.                                                                          

Returning momentarily to the New Zealand context, there does not appear to be much 

specific or dedicated PE training to speak of either in translation technology courses taught at 

university level. Among the local institutions that offer translation or translation-related 

qualifications, only one advertises a technology-related course in its programme of study. It is 

understood that, currently, the emphasis of the course is more on providing students with 

hands-on experience in terminology management and translation memory systems, covering 

machine translation and post-editing briefly. This situation may change, going forward. 

Therefore, a gap certainly exists with regards to PE training. The question is, “if the 

translation industry already considers post-editing as a viable service for almost any 

translation area, how should the academic world respond to the challenge?” (Rico et al. 

2018:204, emphasis in original). This underscores yet again the need for (proactive) post-

editor training, in particular for those languages that are not just Eurocentric pairs, that are 

under-represented in translation technology research, but that are increasingly assuming 

economic and political importance on the global scene, such as Chinese.      
                                                           
37

 The present researcher is aware that English  Japanese machine translation is an actively researched area. 
However, publications in Japanese are not accessible due to language limitations, so pertinent information 
(such as whether PE is also actively investigated) from these sources cannot be included in the present thesis.  
38

 The two courses were TRAN6602 Editing Skills for Computer Translation offered by The Chinese University of 
Hong Kong and CBS560 Computer Assisted Translation at The Hong Kong Polytechnic University.  
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3.4.2. Role of Professional Experience 

One of the research interests of the present study is whether in-domain translation experience 

impacts PE performance. Literature specifically about the topic appears scarce. This sub-

section therefore considers prior studies that investigate professional translation experience in 

general, including the comparison between professionals and novices, to provide a frame of 

reference. We have included recent research which seeks to identify/understand salient 

characteristics that differentiate trainee or novice translators from experienced or seasoned 

ones, compares post-editors who are experienced professional translators with those who are 

subject matter experts, and investigates translators with different levels of PE experience. The 

emphasis here is on aspects other than those concerning productivity and quality which are 

covered separately in Section 3.5. 

With regards to translation students graduating from university, Jiménez-Crespo (2017b:228) 

points out that the “transition from institutionalized structured learning to actual professional 

practice tends to be a complex process” which entails a “knowledge and performance gap 

between the exit point for university programs and the professional market”. Temizöz further 

argues that having a “degree in translation does not directly correlate with postediting quality, 

unless it is combined with subject-matter knowledge and professional experience” 

(2016:646). These viewpoints ostensibly highlight the significance and effect of gaining real-

world experience in the profession. 

Moorkens and O’Brien (2015) explore the implications and suitability of using students and 

professional translators as participants in PE research. In their paper, nine professional 

translators with an average of more than eleven years’ translation experience and four years’ 

PE experience are compared against thirteen undergraduate translation students with minimal 

professional translation experience, if at all. The English-to-German PE task performed on 

information technology-related texts is part of a user evaluation test for new features added 

into a web-based PE interface. Apart from PE speed (productivity) and MT errors 

uncorrected (quality), the other variables are edit distance as measured by TER, attitude to 

post-editing as measured by a three-point Likert scale, and engagement with the new features 

of the interface as measured by clicks on any of those newly added features during the task.  

Their results indicate that, overall, the professionals are more efficient and edited the texts 

more comprehensively than the students, are less positive towards post-editing, and show a 

lower level of engagement with the new features on the interface. Moorkens and O’Brien 
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conclude that some degree of compromise is unavoidable when choosing between students or 

professionals as research participants, especially for MT and PE user interaction studies. 

While students are generally more enthusiastic and more eager to engage with the research, 

any conclusions drawn from students may not be generalised across to professionals. With 

seasoned professionals, however, their established routines and set attitudes may impede full 

engagement with research objectives. This trade-off needs to be taken into account when 

designing research and sampling participants for evaluation studies. 

Daems et al. (2017) is another recent study which compares professional and student 

translators. Their research question of relevance in this sub-section is whether MT error types 

impact PE effort differently for the two groups of participants. Errors are annotated into two 

main categories. The first is acceptability errors, such as grammar, syntax, and spelling, 

identified by reading the target texts. The second is adequacy errors, such as deletions, 

additions, and mistranslations, identified by comparing the source and target texts. Weights 

are assigned to the annotated errors depending on how seriously meaning is affected, and a 

total error weight is calculated. English news articles, especially selected for length, 

complexity and MT error types, are translated into German on Google Translate and post-

edited using the CASMACAT workbench with an eye-tracker installed. The data collected is 

analysed using linear mixed effects statistical models. 

Guided by findings from previous translation process research, Daems et al. expect student 

translators to focus more on grammatical and lexical issues during post-editing, and so PE 

effort increases when more of such errors are present in the texts. By the same token, 

professional translators are expected to pay more attention to coherence, meaning and 

structural issues, and if such errors are more prevalent PE effort increases. The PE effort 

indicators scrutinised are: duration per word, eye fixation duration, pause ratio, HTER, 

number of fixations, average pause ratio, and number of production units
39

. Contrary to 

expectations, results indicate that only four of seven PE effort indicators (the first four listed) 

are sensitive to and affected by the post-editors’ level of experience, while the others are not. 

As not all the effort indicators behaved in the expected manner, Daems et al. speculate that 

the impact of prior translation experience on post-editing may be “smaller than often 

thought” (2017:14).        

                                                           
39

 Production units are sequences of coherent typing activity, separated by a pause of one second or more 
without keyboard activity (Carl et al. 2016:35) 



 

84 
 

Next, we consider the impact of professional translation experience and subject matter 

expertise on post-editing, Apart from investigating how professional translators and 

automotive engineers cross-revise each other’s post-edited texts (discussed in Section 3.3.2), 

Temizöz (2013) also compares the PE of the two groups in terms of speed, quality, amount of 

corrections (i.e., number of editing changes) made to the MT output, and time spent on 

documentation (i.e., consulting online dictionaries and searching the Internet for information 

to perform the task). Here, a closer look is taken at the two groups’ correction pattern and 

documentation behaviour. As before, data for analysis is derived from the screen-recording 

logs. In terms of the number of corrections, each change the post-editor makes to the MT 

output is noted and categorised into one of five groups: content changes, formal changes, 

omissions, additions, reorganisation. From the descriptive statistics, the mean number of 

changes is found to be very similar for the translators and the engineers across all error types. 

The small differences are all not statistically significant, prompting Temizöz to infer that both 

groups made only those changes necessary to improve the MT output to near-human quality 

(ibid.:131). 

Temizöz’s data also shows that all 20 participants carried out documentation during the task, 

but the time individual participants spend on consulting online resources varied from 0.3 to 

28.0 minutes (ibid.:129). The average documentation time for the translator group is 10.75 

minutes while that for the engineer group is 2.71 minutes, and the difference observed is 

statistically very significant (p-value = 0.0078). In line with the time spent, the actual number 

of look-ups and the number of items searched are also significantly fewer for the subject 

matter experts. However, no statistical significance is found for the type of online resources 

the two groups consulted. These observations indicate that, when post-editing an automotive 

text, the automotive engineers sought less help from external documentary resources than the 

professional translators to carry out the task, and spent less time consulting such resources; 

but both groups used a limited number of similar sources when they needed extra information 

to help them complete the job (ibid).      

Before moving on to the next topic of productivity and quality, the final piece of literature 

included on the role of professional experience in post-editing is de Almeida (2013). As part 

of her doctoral research, de Almeida compares professional translators with different levels 

of PE experience in terms of the changes they made to the MT output, their self-revision and 

consultation of online resources, among others, during post-editing. The eighteen 
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participants
40

, ten of whom are native speakers of Brazilian Portuguese and eight of French, 

consist of one student and 17 translators. Among them, six have not carried out any post-

editing while the others have between three and 36 months of PE experience (the median is 

nine months). The PE task is performed on a dedicated proprietary webpage on de Almeida’s 

computer which individual participants access remotely from their normal place of work, and 

each session is simultaneously captured by keylogging and screen-recording programs. Based 

on the 2009 LISA QA model and the 2007 GALE
41

 post-editing guidelines, de Almeida 

(ibid.:100-101) develops a typology to classify the PE changes into four high-level 

categories: essential changes and preferential changes (cf. Aranberri 2017), and essential 

changes not implemented and introduced errors (which were not present originally but 

introduced instead by the post-editor). Instances of self-revision after post-editing and 

Internet searches are also recorded for all participants.   

In her data analysis, de Almeida attempts to establish linear relationships between the 

participants’ level of PE experience with the variables mentioned above. The Pearson 

coefficients for correlation with types of editing changes are extracted and presented in Table 

3.5. It can be seen that there is no association between PE experience and essential changes 

made (r = 0.039) or the number of errors introduced (r = -0.035), but it is moderately and 

inversely correlated with preferential changes (r = -0.309), and weakly correlated with 

essential changes not implemented (r = 0.186). These values suggest that as the post-editor 

gains more PE experience, they tend to implement less preferential changes (which is viewed 

as a positive trait for light post-editing), but also overlook more essential changes that should 

have been made (which is negative as this generally has adverse and material impact on the 

quality of the final post-edited output). We note that de Almeida does not provide any 

information regarding statistical significance for these Pearson coefficients, although the 

reason for this exclusion is unclear. The corresponding p-values would have given the 

interpretation of r an added layer of confidence. 

                                                           
40

 The 18 participants are part of an original complement of 20; two had to be excluded due to connectivity 
and logging issues during their PE sessions (de Almeida 2013:115).  
41

 GALE (Global Autonomous Language Exploitation) was a program supported by DARPA (Defense Advanced 
Research Projects Agency) of the United States of America. Its focus was automatic translation of Chinese and 
Arabic speech and texts into English (Glenn et al. 2008).  
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Table 3.5. Correlation of edit type with level of PE experience (de Almeida 2013:142) 

With regards to revision, eleven of the 18 participants are seen to self-revise their work at the 

end of the PE task. Apart from that, the decision on whether to revise does not seem to be 

linked to their level of experience. In terms of Internet searches, half the participants have 

accessed online assistance, and the most frequently visited website is www.google.com. 

Another trend de Almeida observes is that, among the participants, the least experienced ones 

perform the highest number of searches to clarify meaning of words and to resolve doubts 

about grammar. In contrast, the most experienced participants perform one search only, just 

to clarify meaning. This difference suggests that, with increasing professional experience, 

translators also gain a level of confidence in their own knowledge on the norms of target 

language usage, so they can wean themselves from over-dependence on external resources to 

verify points of grammar.  

3.5. Productivity and Quality 

In the commercial context, productivity is one of the foremost criteria when post-editing of 

machine translation is considered or adopted (Koehn and Germann 2014:45), with another 

being the cost associated with MT implementation. As a result, how long a PE job takes to 

complete or how quickly a job can be done, expressed sometimes as how many pages can be 

translated in an hour or a day, is one aspect of post-editing that has attracted substantial 

interest, especially in industry-led research (O’Brien 2011a:204). 

Although defining translation productivity may not be straightforward (Drugan 2013:19-20), 

a more simplistic stance is adopted for the purpose of the present study. In some post-editing 

literature (e.g., Temizöz 2013:81), PE productivity is taken as the speed at which MT output 

is processed by post-editors/translators per minute, oftentimes expressed as the average 

number of source words processed per hour (van der Meer et al. 2017:11). Processing speed 

is often extrapolated to words per day. Others have viewed PE productivity in terms of 

output, quoted as the number of words translated or produced a day (Joscelyne and Brace 

2010:6). This view is more in line with the general definition of productivity as an economic 

measure of output per unit of input (e.g., OECD 2001:11, Linna et al. 2010:301), but the 

Edit type Pearson correlation coefficient r

Essential change 0.039

Preferential change -0.309

Essential change not implemented 0.186

Introduced error -0.035

http://www.google.com/
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notion is used less commonly in the MT context than processing speed. Yet, “speed is not 

meaningful unless it is combined with quality” (Temizöz 2013:123), but the need to work “on 

a very tight deadline is often a reality” (Bowker 2016:23) in the professional world of 

translation and post-editing. Therefore, this section addresses productivity and quality 

together, first discussing PE productivity in conjunction with post-edited output quality, 

before closing with two very recent papers which focus solely on PE quality.  

It must be stressed that, in this section, the emphasis is on productivity and quality of post-

editing, as opposed to quality of MT output per se. Machine Translation quality is a heavily 

researched topic in itself, especially in relation to system development, testing and 

improvement. In comparison, research activities into PE quality, although undertaken, seem 

rather insubstantial, as encapsulated by Nitzke’s observation that “scientific papers on post-

editing often do not take the quality of the target text into consideration” (2016:84). That 

being said, MT output quality does have a relationship with PE productivity, and here, that 

association is looked at briefly before we proceed to examine PE productivity and quality at 

greater length.   

The impact of MT quality and MT errors on post-editing effort has been mentioned earlier. 

To reiterate, fixing poorer quality MT needs more PE effort (Popović et al. 2014). Other 

research have also found that less editing is associated with better quality MT output 

(Matusov 2012:1, Lacruz et al. 2014:80-81, Koglin 2015:126). Moreover, PE effort is 

understood to be inversely related to PE productivity (O’Brien 2011a:198); that is to say, the 

higher the PE effort, the lower the productivity. It then follows logically that low MT quality, 

apart from being tedious and frustrating to post-edit (Carl et al. 2015:149), also depresses PE 

productivity, while improvement in MT quality raises the post-editor’s output rate. Sanchez-

Torron and Koehn have quantified this correlation between MT output quality and PE 

productivity in their comparison of the output from nine different MT systems: “for every 1-

point increase in BLEU, there is a decrease in PE time of approximately 0.16 seconds per 

word” (2016:16). Since the present study is based on the output from one MT system only, 

the focus is instead on comparing PE productivity and PE quality among the individual 

participants, not among MT systems. We return to this in Section 5.1.5.    

Meanwhile, various figures for PE productivity have been quoted by different sources, some 

of which are anecdotal while others are derived from scholarly research and in-house field 

tests. To cite some examples: 
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 “Publication quality postediting should be able to output at least 5,000 translated 

words a day, whereas lighter editing for gisting (assimilation) can double this rate” 

(Joscelyne and Brace 2010:6). However, there are also language service providers 

contributing productivity information to the report authored by Joscelyne and Brace 

who have quoted PE productivity figures barely higher than 2,500 words a day, which 

is incidentally the industry’s benchmark for manual translation (ibid.:31).  

 A pilot study exploring correlations between PE performance and previous translation 

experience of six professional translators (three native speakers each for French and 

Spanish) post-editing a 350-word English text from the information technology field 

shows their extrapolated productivity to be in the range of 540-1,200 post-edited 

words per hour. This equals to 4,320-9,600 post-edited words per 8-hour day (de 

Almeida and O’Brien 2010, unpaginated).  

 A productivity test over two days involving eleven professional translators (three 

native speakers each for Spanish, Italian and French, and two for German) processing 

(i.e., both translating and post-editing) a total of 144,648 English source words shows 

that PE throughput of the individuals range from 700 to 1,850 words per hour (Plitt 

and Masselot 2010:11). The processed words are made up by numerous jobs of 

authentic production materials which required translation. When the processing speed 

for PE jobs is compared to traditional human translation, the average throughput gain 

is 74%. If extrapolated to an 8-hour day for direct comparison with the other sources 

cited here, PE productivity in this case is 5,600-14,800 words. 

 In a field test of a commercial CAT tool that integrates MT and TM, the PE process of 

twelve professional translators post-editing texts from the information technology and 

legal domains in the English-to-Italian and English-to-German directions are 

recorded. Their processing speed is found to range from 740 to 960 words per hour 

(Federico et al. 2012, unpaginated), extrapolating as 5,920-7,680 words per day. 

 In another field test of a different CAT tool which incorporates the functionality to 

capture instances of user self-revision (i.e., where non-sequential PE patterns, 

multiple PE passes, or segment revisits are not disallowed by default in the research 

design), 22 professional translators (two for each of 11 target languages) processed a 

total of 25,300 segments from the information technology domain. Each translator’s 

progress is tracked over 2 working days. Reporting specifically on the four target 

languages of German, Spanish, French and Italian, the average PE productivity is 
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1,231 words per hour for the first pass alone. This drops to 960 words per hour when 

data from self-review sessions are included (Moran et al. 2014:142). The 8-hour 

extrapolated equivalents are 9,848 and 7,680 words respectively.  

Although the quoted productivity figures are all of the same approximate order of magnitude, 

the elasticity (i.e., the spread of the ranges) and apparent inconsistencies are indicative of PE 

productivity not being just a simple arithmetic case of volume produced divided by unit time, 

but is the outcome of an interplay among several factors in the workflow like MT quality, 

text types and language pairs. Likewise, other influencing factors may be the characteristics 

of post-editors themselves such as their attitude, work habits, language proficiency and 

experience. Some of these external factors have been discussed in Sections 2.4, 3.3 and 3.4 

while language directionality will be covered shortly. 

Of the five sources cited above providing the PE productivity figures, three include a 

consideration of the quality of the final texts. In de Almeida and O’Brien (2010, 

unpaginated), their two fastest participants are found to have corrected the most errors in the 

MT output in what are termed as essential changes, but they have also tended to ignore 

guidelines and introduced many preferential changes (i.e., stylistic changes) that are not 

needed. With Plitt and Masselot (2010:14), completed jobs from the participants are 

randomly submitted for review by an in-house linguistic quality assurance team. All the jobs 

reviewed met quality expectations, but unexpectedly, translated jobs are found to contain 

more errors than post-edited jobs. In contrast, for the project of Moran et al. (2014), the 

output from most of the participating translators did not pass in-house quality spot checks, 

due primarily to terminology errors as a termbase was not made available for the assignment. 

The translators allegedly knew beforehand that their output would be discarded after the field 

test (ibid.:143) so they did not spend much time researching problematic terms in the absence 

of a termbase. Although this may be taken as a mitigating factor, questions nonetheless 

remain as to the impact the participants’ reduced vigilance on terminology might have had on 

the processing speeds reported. It also underscores the threat of less-than-total commitment 

from participants to the research task at hand (see Section 4.8.3.3).          

Also simultaneously examining PE productivity and quality are two papers authored by 

Guerberof (2014a, 2014b), based on data collected in the wider context of her PhD thesis 

(2012) which explores correlations between productivity, quality and experience of 

professional translators. Her doctoral project involves 24 English-to-Spanish professional 
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translators with varying levels of translation experience ranging from two to more than eight 

years, and PE experience ranging from none to more than eight years. The translators’ task is 

to process (i.e., to post-edit MT segments, edit 85-94% fuzzy match TM segments, or 

translate no-match segments from scratch) a total of 149 segments made up of 2,124 words 

selected from the information technology domain. The measure for productivity is taken as 

processing speed in words per minute, and the processing times are obtained from a purpose-

designed web-based PE tool which has no provision for translators to backtrack through to 

completed segments. As regards quality of the translated materials, final outputs derived from 

the three translation modes are assessed by three professional reviewers using a LISA QA 

model to identify and classify errors in the target segments. All translators and reviewers are 

paid their normal contract rates to participate in the project. The customised MT engine used 

in Guerberof’s study produces high quality output for her selected language combination and 

domain, as indicated by a BLEU score of 60% and human assessment score of 90%.  

Guerberof (2014a) focuses on the effect working with high quality MT and TM has on the 

processing speed of the 24 translators, as compared to them translating from scratch. The 

paper also reports on the relative quality of the participants’ final target texts derived from the 

three modes of translation. Despite considerable individual variation observed among the 

translators, the overall results indicate that processing speed for post-editing MT segments 

(mean = 22.34 words per minute, range 0.89 to 128.11) is higher than that for editing 85-94% 

fuzzy match TM segments (mean = 19.33, range 1.15 to 123.12). The difference in 

processing speed between MT and TM segments is not statistically significant. In contrast, 

the difference in processing speed between aided (with MT and TM proposals) and unaided 

translation from scratch (mean = 12.64 words per minute, range 6.97 to 48.91) is found to be 

statistically significant. In terms of quality, less than 20% of the post-edited MT and TM 

segments are found to contain errors while close to 30% of the translated segments had errors 

in them. When drilling down to actual error count aggregated over the three reviewers, 

translated segments are found to contain the highest proportion of total errors at 46%, while 

MT and TM segments have 28% and 26% respectively (ibid.:179). With this finding, 

Guerberof demonstrates that post-editing of high quality MT not only improves processing 

speed in professional translators, it can also outperform human translation from scratch in 

terms of quality as measured by errors remaining in the target texts.     

Post-editing experience is considered to be one of the most important factors impacting PE 

productivity (ibid:168). In this connection, Guerberof (2014b) compares processing speed 
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and the number of target text errors among her group of translators in terms of a multi-aspect 

framework of work experience, which includes the number of years they have worked in the 

localisation industry and the amount of PE experience they have. From participants’ self-

reported information provided in response to a post-task questionnaire, the 24 translators are 

divided into four clusters. Clusters 1 and 2 include those translators who have both industry 

and PE experience, but individuals in Cluster 2 are differentiated by having worked longer in 

the industry (more than eight years) and having done more PE work than those in Cluster 1. 

Cluster 3 includes the translators with industry experience but little or no PE experience, 

while Cluster 4 is made up of the youngest and least experienced translators.  

Results show that the most experienced translators are not always the fastest ones. In fact, 

translators with the least experience have on average clocked the highest processing speed, 

although the differences observed in processing speeds between clusters of participants are 

not statistically significant. With regards to quality, the fastest translators (Cluster 4) made 

the most errors, and the slowest although not the most experienced ones (Cluster 3) produced 

the least errors. This suggests, perhaps unsurprisingly, a compromise between speed and 

quality. When translation, whether aided or otherwise, is carried out in haste, the likelihood 

of translators not being sufficiently thorough increases and more errors are left uncorrected. 

In addition, the number of errors in the least experienced Cluster 4 is found to be significantly 

different from those of the other three clusters. This leads Guerberof to infer that among her 

group of translators, lack of experience does affect PE quality adversely. 

Along similar lines as Temizöz’s remark noted at the start of this section about PE speed 

being meaningful only when combined with quality (2013:123), other researchers have added 

that “speed data is only relevant to productivity after quality has been assessed” (Moran et al. 

2014:143). Two different aspects of quality assessment of the final post-edited texts are 

covered in the following pieces of literature that will also complete this section on PE 

productivity and quality. The articles are: Guerberof (2017) which highlights the issue of 

assessor variability and Koponen and Salmi (2017) which explores whether edit actions taken 

during post-editing are correct and/or necessary. 

Guerberof (2017) is a third article included in this section to have stemmed from the author’s 

aforementioned doctoral project (2012). It focuses on the quality evaluation phase after the 

translation/PE assignment has been completed. As mentioned, the assessment of the 24 

participants’ final output is carried out by three professional reviewers using a LISA QA error 
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typology which defines eight types of errors: mistranslation (incorrect understanding of 

source text), accuracy (not reflecting source text correctly), terminology (not adhering to 

glossary provided), language (issues with grammar, syntax, and typography), style (not 

adhering to style guide provided), country (not conforming to local standards and 

conventions), consistency (lacking in coherence across a project), and format (incorrect use 

of tags, parsers, project settings, etc). The reviewers all have a minimum of three years’ 

translation experience in the localisation industry, have worked with MT post-editing, and are 

familiar with the PE tool and the information technology domain. Given that the reviewers 

are selected, for the most part, for their profile similarity, Guerberof is “quite surprised” 

(2017:201) by the level of disagreement and individual variability in their reviewing 

behaviour when assessing the translators’ output, in terms of time spent, words reviewed per 

minute and errors identified.  

The three reviewers are in overall agreement that 73% of the segments they have assessed are 

error-free, and that there are more errors in translated segments (i.e., segments for which 

matches from the TM database used are below a specified threshold) than post-edited (i.e., 

segments which are machine-translated) or edited (i.e., segments which are 85-94% fuzzy 

matches from the TM) segments. The reviewers also tend to concur with one another in their 

assessment of the best and worst performing translators in terms of error count. However, the 

time taken by the reviewers to assess each translator’s output varies considerably and ranges 

from just over half an hour to more than two and a half hours. Their reviewing speeds for 

individual segments also differ significantly, ranging from the slowest of 14 words per 

minute to the fastest of 63 words per minute. With regards to the types and number of errors, 

Guerberof observes “great disparity” (ibid.:203) among the three reviewers in their 

identification and classification of errors, especially in the case of the less blatant mistakes. 

One possible explanation offered is that despite identical guidelines being provided, the 

reviewers have injected their own interpretation and adaptation of the instructions (cf. 

Koponen et al. 2012:19) and applied their own logic when they encountered circumstances 

which are not completely clear-cut. Alternatively, since the segments for processing are not 

part of a cohesive text, the absence of context means the source text may have been 

understood by the reviewers in different ways, leading to the variance seen in identifying and 

classifying the errors.   

Koponen and Salmi (2017) analyse the PE changes made to a 385-word news text, machine-

translated from English to Finnish, by five student translators, all of whom are native Finnish 
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speakers with English as their main foreign language. Having taken a course in post-editing, 

their theoretical and practical knowledge of MT and PE is reasonably homogeneous, although 

none have any professional PE experience. The textual differences between the MT output 

and the final post-edited versions are identified, and the edit distance calculated, using HTER 

(see Section 2.3.1.2). All textual differences so identified are then manually categorised into 

five types of word-based PE changes, namely: word-form change, word change, word 

deleted, word inserted, and word position change. At the same time, each PE change is also 

annotated for correctness (accurately reflects source meaning AND proper target language 

use) and necessity (change is needed to render target segment comprehensible, correct and 

accurate). Analysis of the editing actions show that 91% of the words edited are done 

correctly, although out of this, two-fifths constitute changes that are not needed as the MT 

output is already correct before the changes are made. Of the 9% word changes that have not 

been done correctly, one-third are existing MT errors which are not corrected while the rest 

are new errors introduced by the post-editors. This paper demonstrates that while post-editors 

do in general recognise and correct a substantial number of errors in MT output, they do not 

always make correct changes when they post-edit. Not surprisingly, not all the changes made 

are always required either, as the MT output may be acceptable to begin with. At the same 

time, post-editors also overlook errors that are present, as well as introduce new errors that 

are not in the MT output originally. This obviously impacts the final quality of the post-edited 

output, but it also has implications for post-editor training.                    

3.6. Directionality    

Qualitatively comparing the performance of participants working into and out of their native 

language is another aspect of interest in the present study. Yet, much of the published 

literature on this area of research is related to translation and language studies, and not 

specifically on PE as such. In this section, therefore, we first consider directionality in 

translation, to provide context and background on the mother tongue principle introduced in 

Section 1.1.1, before converging on a small number of directionality studies that have taken 

PE into consideration.   

In Translation Studies, directionality refers to whether translators are working from their 

active foreign language (the B language) into their native language (the A language), or vice 

versa (Beeby Lonsdale 1996:xvii-xviii). A translator’s native language is also variously 

referred to as their first or dominant language or L1, while the other working language is also 
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known as their second or passive language or L2. In fact, information is emerging lately that 

for some translators — represented by some 17% of the 780 professional translators who 

responded to an online survey conducted by the International Association of Professional 

Translators and Interpreters on the issue of translation into non-native languages — a third 

language or L3 is also involved in some of the work they undertake professionally, albeit 

only at relatively low volumes (Piróth 2015:19). Before discussing previous research on 

directionality in translation and PE, we first consider the notion of native speaker/language, 

in view of its multidimensionality and nebulousness in general and in the context of the 

present study in particular.   

Traditionally, a native speaker of English is deemed as someone who is born and bred in 

English-speaking countries like the United Kingdom, the United States, Australia, and New 

Zealand (Tay 1982:67), as well as parts of Canada and South Africa (Moag 1982:14). 

Occasionally, as the researcher has experienced personally on numerous occasions, the 

credibility of one’s claim of English being one’s L1 rests squarely in the first instance upon 

one’s physical appearance — if one does not look English, one cannot possibly be a native 

English speaker. The term ‘native speaker’ has been defined in the online edition of several 

popular and well-regarded English dictionaries as a person who: 

 has spoken a particular language since they were a baby, rather than having learned it 

as a child or adult (Cambridge)
42

 

 speaks that language as their first language rather than having learned it as a foreign 

language (Collins)
43

 

 learned to speak the language of the place where they were born as a child rather than 

learning it as a foreign language (Merriam Webster)
44

 

 has spoken the language in question from earliest childhood (Oxford)
45

  

However, scholars and researchers have argued that the very definition of native language 

needs to be broader, more encompassing and less rigid (Tay 1982:67-68, Campbell 1998:25-

26, Davies 2003:214, Pokorn 2005:1-3) than merely being the language spoken in one’s 

country of birth or the language of one’s mother or early caregivers. Such one-dimensional 

criteria for identifying native speakers of a language are not only outdated, they are 

                                                           
42

 https://dictionary.cambridge.org/dictionary/english/native-speaker (visited 09.01.2018) 
43

 https://www.collinsdictionary.com/dictionary/english/native-speaker (visited 09.01.2018)  
44

 https://www.merriam-webster.com/dictionary/native%20speaker (visited 09.01.2018) 
45

 https://en.oxforddictionaries.com/definition/native_speaker (visited 09.01.2018) 

https://dictionary.cambridge.org/dictionary/english/native-speaker
https://www.collinsdictionary.com/dictionary/english/native-speaker
https://www.merriam-webster.com/dictionary/native%20speaker
https://en.oxforddictionaries.com/definition/native_speaker
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subjective, simplistic, overly limiting and, at best, describe only part of the native-speaking 

community. This is especially pertinent for the English language and its speakers, in view of 

Great Britain’s far-reaching colonial legacy
46

, as well as within the modern day framework of 

high mobility, increasing migration and rapid globalization. 

In a country such as New Zealand, where the immigration rate has been significant in recent 

years (see Section 1.1.2), it appears that the discussion around the definition of native 

speakers on the online forum English Language and Usage Stack Exchange
47

 tends to be 

more grounded in contemporary realism. While the discussion thread therein also casts a 

native speaker as one who has learned and used English from early childhood, it goes on to 

elaborate that such early childhood acquisition does not necessarily mean English is the 

speaker's only language. Rather, it means that English is and has been the person’s primary 

means of concept formation and communication.  

This more inclusive outlook has much relevance in the local linguistic landscape, as many 

English speakers in New Zealand, professional translators included, identify with English as 

their first language even though they may ethnically not be of English descent. A case in 

point is the researcher, who is an ethnic Chinese, but has received all her formal education 

only in English from early childhood, and has lived and worked in New Zealand for almost a 

decade prior to undertaking the present study. Even more to the point with regards to the 

present study is that among the participating professional translators who professed their first 

language to be English, two are in fact of Chinese descent, but they arrived in the country at a 

young age and were schooled in the New Zealand education system during their formative 

years. All participants in the present study are described and discussed in greater detail later, 

in Sections 5.2.     

Equally traditional is the conviction, either expressed or implied, of Western translation 

theorists (e.g., Newmark 1988, Snell-Hornby 1995, Samuelsson-Brown 2010) that translators 

rightly translate into their mother tongue or language of habitual use, in order to create 

semantically accurate, linguistically natural and culturally acceptable translations, and not 

risk making translation errors native speakers do not make (Snell-Hornby 1995:81) or 

                                                           
46

 In the early 20
th

 century when the British Empire was at its largest extent, the United Kingdom ruled over 
425 million people of the world (James 1995:353). The vast majority of them were not of English descent. 
Neither were these people born and bred in Great Britain, nor did they live there.  
47

 This is an online forum on English usage for linguists, etymologists and enthusiasts. Their definition of native 
English speaker is available on https://english.stackexchange.com/questions/14582/meaning-of-native-
speaker-of-english (visited 09.01.2018). 

https://english.stackexchange.com/questions/14582/meaning-of-native-speaker-of-english
https://english.stackexchange.com/questions/14582/meaning-of-native-speaker-of-english
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sounding “unnatural and non-native” (Newmark 1981:180). The long-upheld dictum within 

the translation industry as well as in academia that translators should only work into their 

native language is embodied in and exemplified by the NZSTI membership criteria which 

state, among others, that “TRANSLATOR membership is LANGUAGE-DIRECTION 

SPECIFIC. Translation direction will be INTO THE NATIVE LANGUAGE…” 

(NZSTI
48

, emphasis and red fonts in original). Although there are avenues which a translator 

in New Zealand can explore to obtain bi-directional membership, such memberships are 

uncommon in reality.    

Yet, Campbell (1998:57) maintains a more balanced view, arguing that translating into a first 

language and into a second are “in a way mirror images” of one another, and that neither of 

the two sides is necessarily superior or inferior to the other. The insight he offers include: 

In translating from a second language, the main difficulty is in comprehending the source text; it is 

presumably much easier to marshal one’s first language resources to come up with a natural looking 

target text. In translating into a second language, comprehension of the source text is the easier aspect; 

the real difficulty is in producing a target text in a language in which composition does not come 

naturally. 

The points about L1 translation and target text production raised here by Campbell are 

probably part of the reason behind the general stigma associated with translators working into 

a language other than their first. That being the case, then the reverse or compensatory effect 

of L2 translation and source text comprehension has been largely ignored by the translation 

industry and/or even the public at large. At best, it would appear that by persistently or 

dogmatically adhering to ‘translators should only work into their native tongue’, one’s ability 

to better comprehend source texts in L2 translation is deemed inadequate to counter-balance 

the more natural ability to produce target texts in L1 translation. It is interesting to note that 

in the post-editing context, a recent empirical study finds that source-language proficiency 

has a significant impact on translation accuracy in post-edited output (Vieira 2017a:183).  

Moreover, it has been claimed that true bilingualism in translators, where both languages of a 

working pair are equally developed, is a rare phenomenon (Beeby Lonsdale 1996:6). In fact, 

according to Campbell, “perfectly balanced bilinguals are so rarely found that virtually all 

human translation activity falls into one of the two categories”, that is into or from the L2 

(1998:57). Yet, axiomatically, translators and post-editors working into their L2 would meet 
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 http://www.nzsti.org/about/How-To-Join/ (visited 01.09.2017) 

http://www.nzsti.org/about/How-To-Join/


 

97 
 

with the ‘disapproval’ of traditional translation theorists for abandoning the “revered 

principle of translation only into the translator’s mother tongue” (Wagner 2005:222, 

emphasis in original).  

Despite the ongoing criticism and even forbiddance, Adab (2005:227) has argued that, in 

contemporary times, the principle of translating only into one’s mother tongue is fast 

becoming “unenforceable and impractical”. Ferreira and Schwieter assert that inverse 

translation (i.e., translation into the non-native language) is not only a reality but also widely 

practised around the world, most often in countries where the “primary language is a minor 

world language, or a language of limited diffusion” (2017:90). In the case of Chinese
49

, the 

language is by far not minor nor one of limited diffusion. Yet China has had a long history of 

inverse translation practice dating back centuries, although the issue of directionality has only 

begun to receive attention since the 1980s (Wang 2011:896). Therefore, it is perhaps not 

entirely unexpected that observations are made about directionality being an under-

researched area where Chinese is concerned (ibid.). Translation process research thus far has, 

by and large, “focussed on alphabetic scripts in post-editing and translation tasks from the 

second language (L2) into the mother tongue (L1)” (da Silva et al. 2017:107).         

Empirical research into directionality in translation and post-editing include those reported by 

Pokorn (2005), Pavlović (2007), Garcia (2011), Sánchez-Gijón and Torres-Hostench (2014) 

Hunziker Heeb (2016), and da Silva et al. (2017). A comparative summary of their research 

designs is provided in Table 3.6. The studies listed therein, spanning more than a decade and 

incorporating a variety of research designs, have been conducted with a range of sample 

sizes, on different language pairs, using different methods, and featuring different test 

datasets (where applicable). Likewise, their research goals, hence their findings, cover a 

range of issues from macro to micro, general to specific. 
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 With some 1.28 billion speakers, Chinese is by no means a language of limited diffusion but a macro-
language, and currently the most widely spoken in the world (Simons and Fennig 2017).   



 

98 
 

 

Table 3.6. Comparison of research design for empirical studies on directionality 

The only study among the six listed in the table not based on test data is Pavlović (2007), as it 

is an online survey. Responses from 61 practitioners indicate that translating into their 

English L2 is a common practice among Croatian language service professionals. Some of 

the respondents even explain that they prefer working in the inverse direction (Pavlović 

Author / year Languages Participants Method(s) Test data used 

Pokorn 2005 Slovene -> 

English

 
Pavlović 2007 Croatian -> 

English

61 respondents: 

full time 

translators 

and/or 

intepreters

Survey: online 

questionnaire

Not applicable

Garcia 2011 Chinese & 

English

Sánchez-Gijón 

& Torres-

Hostench 2014

Spanish -> 

English

15 advanced 

translation 

students with 

PE training:    

12 x native ES 

speakers; 3 x 

native EN

PE output 

analysis: 

accuracy & 

language errors 

corrected

15 sentences each containing 

one MT error of specific types 

selected from EN back-translation 

of ES text harvested from online 

"Help" file of OpenOffice package

Hunziker Heeb 

2016

German & 

English

18 professional 

translators:       

6 x DE <=> 

EN, 12 x L2 -> 

L1 (6 x DE -> 

EN, 6 x EN -> 

DE)

Retrospective 

verbal protocol: 

cued post-task 

verbalisation

Extracts (~100 words each) from 

articles of general interest in one 

German & one English 

newspaper

da Silva et al. 

2017

Chinese & 

Brazilian 

Portuguese

Eye-tracking: 

fixations & total 

reading time

46 educated 

native EN 

speakers: 23 x 

UK, 15 x US,    

8 x Canada

Survey: read 

excerpts & 

complete 

questionnaire

18 native ZH 

professional 

translators (w/o 

formal PE 

training)

Passages (~220 words each) 

extracted from 7 translations of 

Ivan Cankar's short stories & 

novel: 2 x L1 translators, 2 x L2 

translators, 3 pairs of translators 

(TL+TL, SL+TL, L3+TL)

49 native ZH 

advanced 

translation 

students:           

2 x 14 x EN -> 

ZH, 21 x ZH -> 

EN

Experiment: 

random design 

with control 

(translation) vs 

experimental 

(PE) groups

4 passages (~250 words each) 

from general text types for each 

set of participants (i.e. 4 x 2 x EN 

passages for L1 direction, 4 x ZH 

passages for L2 direction)

One news report each in Brazilian 

Portuguese (~80 words) and 

Chinese (~80-word equivalent) for 

translation task; similarly, one 

news report each in Portuguese 

and Chinese, machine-translated 

respectively into ZH & PT for PE 

task 
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2007:91). The other five studies all used a small test data set. In Pokorn’s study, 46 

university-educated English native speakers are presented with seven different translations of 

the same Slovene literary texts. After reading each passage, they are polled on their opinion 

about the translators’ language affiliation and translation direction. Pokorn concludes from 

the responses that accuracy and quality of a translation or its fluency and acceptability in the 

target language environment are not dependent on directionality or the translator’s mother 

tongue (2005:123). More recently, Hunziker Heeb compares bidirectional service providers’ 

self-perception of their professional roles and responsibilities with unidirectional ones using 

the retrospective verbalizations elicited from 18 German-English professional translators. Her 

findings suggest that there is no substantial difference between the groups, and that there is 

no evidence to consider L1 translations superior to L2 translations (2016:84). 

In the context of the present study, the investigations into directionality by Garcia (2011) and 

da Silva et al. (2017) are particularly relevant in that they both include Chinese as one of the 

working languages, and they both consider post-editing in addition to translation. Eye 

tracking is the method da Silva et al. use to investigate cognitive and temporal effort related 

to translating and post-editing by 18 Chinese professional translators working into as well as 

out of Brazilian Portuguese. None of these individuals have received any formal PE training 

prior to participating in the study of da Silva et al. The source texts used in the study, 

consisting of two Portuguese passages each approximately 80 words long and two Chinese 

passages each equivalent to approximately 80 words in length, are derived from news reports. 

The participants translated one each of the Portuguese and Chinese passages (into L1 and L2 

respectively), and post-edited the other two (one in each direction). Eye fixations and gaze 

time during the tasks, and the total time spent on task, are captured as the measures of 

cognitive and temporal effort respectively. Among their findings from their group of 

participants are: (a) processing L2 text materials requires greater cognitive effort than 

processing L1 materials, for both the translating and post-editing tasks (2017:121); and (b) 

there is no statistically significant difference in the speed the task is completed, whether 

translating or post-editing, in either language direction (ibid.:126). 

Garcia’s paper reports on three sets of experiments carried out over two semesters with a total 

of 49 Chinese student translators who were about to complete their programme of study 

(which does not offer any training courses on PE). Each of the first two sets involves 14 

students working from English into Chinese, while the third involves 21 students working the 

reverse direction. The test corpora consist of eight (two lots of four) English general text type 
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passages, each approximately 250 words long, to facilitate the two into-L1 experiments and 

four Chinese passages on similar topics and of similar length for the into-L2 one. Within each 

experiment, the four texts are randomly assigned to the participants for translating (control 

group) and post-editing (experimental group). The dependent variables in all cases are task 

time and output quality as assessed using the NAATI
50

 marking scheme where points are 

deducted for translation errors identified. 

The first two experiments working into Chinese, each with 14 participants, find no significant 

difference in speed between translation and post-editing; in fact, the two sets of average 

quality scores are identical. However, for the group of 21 participants working into English, 

post-editing is significantly faster than translating (2011:221). With regards to quality, the 

output from students working into English (their L2) in both the control and experimental 

groups, as expected, received significantly lower individual scores than those students 

working into Chinese (their L1). That notwithstanding, the L2 participants’ output quality in 

their PE task is found to be significantly better than the quality in their translation one 

(2011:224). For better clarity, the average scores out of a maximum of 50 points for the two 

task types and the two language directions for the 49 students across three experiments, as 

assessed by five independent markers, are extracted from Garcia’s paper (where the median 

scores are not included) and summarized in Table 3.7. Garcia concludes that PE apparently 

helps the students working into their L2 the most, and the beneficial effect is more 

pronounced in his weaker students with the lowest individual scores.      

 

  Table 3.7. Average quality scores of 49 students in Garcia’s experiments (2011:224) 

Also notable in the present context is the PE study Sánchez-Gijón and Torres-Hostench 

(2014) conducted with translation trainees, in that it compares the performance of native 

versus non-native speakers of the target language by analysing the corrections made to the 

MT output. In other words, the post-editing changes participants have made to the MT output 

are evaluated. The participant cohort is made up of twelve Spanish-speaking tertiary 

                                                           
50

 NAATI (National Accreditation Authority for Translators and Interpreters Ltd) is an Australian organisation 
providing certification services for translators and interpreters. (https://www.naati.com.au/) 

                                               Directionality English -> Chinese English -> Chinese Chinese -> English

           Task type (n=14) (n=14) (n=21)

Translating from source texts 34/50 34/50 12/50

Post-editing from machine-translated texts 36/50 36/50 17/50

https://www.naati.com.au/
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translation students and three English-speaking ones, all fifteen of whom are at a similar level 

of advancement in their course of study which included a module on MT and PE. The PE text 

is derived from the English and Spanish pages of the multilingual Help file of the 

OpenOffice software package. Spanish sentences from the EN/ES bi-text are machine-

translated back into English using free online MT. From this back translation, English 

sentences containing accuracy errors (mistranslation and omission), and language errors 

(grammar and syntax) are selected for post-editing. Stylistic errors are disregarded as 

participants are instructed to post-edit to only good-enough quality, as defined in TAUS 

(2010). Errors related to terminology are likewise excluded as no glossary is provided for the 

exercise. Quality of the corrections made in the final post-edited versions is verified against 

the original English sentences in the Help files. An edit is considered successful when a MT 

error of interest is identified and rectified correctly by the participant.  

On average, non-native speakers (success rate: accuracy 72%, language 59%) perform less 

successfully than native speakers (success rate: accuracy 76%, language 77%), particularly 

noticeable in terms of language errors (Sánchez-Gijón and Torres-Hostench 2014:13). 

However, on interrogating the results further by component error types, Sánchez-Gijón and 

Torres-Hostench observe that non-native speakers outperform native speakers in omission 

errors (success rate: non-native 72%, native 67%), while native speakers perform with 

effortless superiority in syntax errors (success rate: non-native 59%, native 93%). These 

observations lend themselves to the inferences that:  

 the non-native post-editors in the study are somewhat more successful in recognising 

that elements in the source text are missing in the MT output and correcting such 

problems, but often lack the English proficiency to identify issues related to sentence 

formation patterns;  

 in contrast, the native-speaking post-editors can easily identify and rectify disfluent 

use of the English language in the machine-translated sentences, but are less likely to 

appreciate nuances of source meaning that are missing in the MT output.   

On the level of individual post-editors, comparing the most successful Spanish speaker with 

the most successful English speaker uncovers a more remarkable picture. The non-native 

speaker outperforms the native-speaking participant overall, and beats or equals the native 

speaker in all error types except syntax-related issues. At 100% corrected versus 60% 

corrected, the difference between the two in terms of grammar errors is substantial. Their 
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percentage scores, from a figure in Sánchez-Gijón and Torres-Hostench’s article (2014:16), 

are provided in Table 3.8. These results lead Sánchez-Gijón and Torres-Hostench to conclude 

that the quality of post-editing by the translation students in their study “seems to depend on 

the person, regardless of their mother tongue” (ibid.).      

 

Table 3.8. Success rates of best post-editors (Sánchez-Gijón & Torres-Hostench 2014:16) 

Interestingly, the outcome from a different exercise conducted in the less academic, more 

professional setting of the 2013 Dutch National Translation Conference also demonstrates 

that “the mother-tongue principle is no guarantee of quality” (Parr 2016:19). Four anonymous 

English translations of a 300-word Dutch museum guide are presented to twelve judges, six 

of whom are Dutch-speaking translation buyers in charge of commissioning translation jobs 

and the rest are English-speaking professional translators. The twelve assessors are asked to 

holistically rank the four translations, which have been produced by experienced translation 

professionals (two native speakers of the source language and two of the target language). 

Overall, the highest-scoring translation is from a non-native English speaker and the lowest-

scoring one is from a native English speaker. Meanwhile, the 200-strong audience at the 

conference are also asked to rank the four translations, prior to being told the judges’ 

evaluation results. The collective rankings obtained from conference delegates are found to 

reflect closely those of the twelve assessors. Mindful that the level of English proficiency in a 

country such as the Netherlands is generally high, this outcome nonetheless lends support to 

the argument that direct translation into one’s mother tongue is not always or necessarily 

superior to inverse translation into a second language. Moreover, although translation is not 

seen as identical to post-editing in that the required skill sets for the two activities may be 

different (Yamada 2015:59), it is perhaps not unreasonable or illogical to extrapolate that 

post-editing into one’s first language, just as with translation, does not always or necessarily 

equate to better performance either.      

Best L2 post-editor Best L1 post-editor

Error type corrected (Spanish speaker) (English speaker)

Mistranslation 100% 90%

Omission 80% 80%

Grammar 100% 60%

Syntax 80% 100%

Overall success rate 90% 83%
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3.7. Situating the Present Research 

In the related research reviewed above, areas of knowledge gaps are apparent. First and 

foremost, there is a conspicuous lack of systematic PE research featuring the Chinese-to-

English language combination, although a few isolated cases have been reported sporadically. 

This is one gap the present study attempts to fill.  

Secondly, with a few exceptions, the reviewed PE research papers have used general text 

types like news and textual materials from the information technology domain. Very little PE 

research has so far been carried out with patent texts, despite considerable interest in MT 

from the patent information community. This interest is largely due to the “international 

dimension of patenting” (Olohan 2016:119) and the “inherently multilingual nature” of patent 

documentation (Tinsley 2017:427). The demand for translation far outstrips the supply 

human translators can provide. This in turn has resulted in the development and deployment 

of functioning systems
51

 for machine-translating patent information in recent years, to 

improve cross-lingual accessibility. The choice of a patent text for the present study is further 

discussed in Section 4.4. As with the language combination of the present study, findings 

attributable to the chosen text type will be of relevance in this much-translated (using MT) 

but under-researched (in terms of PE) genre. 

Going into specifics, PE productivity is a key consideration in MT adoption and is of great 

interest particularly to stakeholders in the industry. Europe-based researchers have quoted PE 

throughput figures that range from 5,000 to 14,800 per 8-hour day, often under favourable 

conditions such as dedicated infrastructure, high quality MT, experienced post-editors, 

familiar domains, and so on. Another key aspect is quality of the post-edited output, which 

some have alleged has received less attention than productivity in PE research. One method 

used to determine PE quality is a reckoning of the number of errors, whether overlooked or 

introduced, remaining in the final post-edited text. Recent studies have also started to pay 

attention to the strategies translators adopt, such as whether they self-revise their own output 

and how they consult (online) resources for assistance, when carrying out the PE task. It 

would be interesting to understand how New Zealand-based professional Chinese-to-English 

translators with little or no formal PE training or experience perform in terms of productivity, 

quality and strategies when they carry out a PE task on what is to most of them an unfamiliar 
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 An example is the Patent Translate System, the result of cooperation between the European Patent Office 
(EPO) and Google, launched in 2012. https://www.epo.org/news-issues/news/2012/20120229.html 

https://www.epo.org/news-issues/news/2012/20120229.html
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genre. The crux of the matter is that, at present, there are very few trained post-editors in New 

Zealand, if any.    

Apart from gaining initial insight into how post-editing is performed by the present group of 

participants, the present researcher also seeks to establish whether and how some of the 

participants’ personal attributes impact the post-editing process and the product. While 

researchers have argued that a positive attitude towards MT is of vital importance for its 

success, there is also ample evidence to suggest that a significant level of negativity 

surrounding the technology remains among translators today. The effect of this ambivalence 

on PE performance remains to be seen. The question of experience is also problematic, be it 

translation experience or PE experience or subject matter experience. Research has shown 

that, with more subject matter knowledge, dependence on external sources for information is 

reduced. With more PE experience come the awareness and ability to make less stylistics 

changes that do not affect meaning, but it also comes with a tendency to overlook more often 

some of the changes that are required for accurate meaning transfer. Some have found that a 

lack of experience adversely affects PE quality, yet others claim that the kinds of textual 

errors translators identify and correct have no correlation with experience. With the issue of 

language directionality, the practice of inverse translation is prevalent in many markets, 

despite continued disfavour and disdain. Much of the nascent but growing research carried 

out on L2 translation indicate that there is no substantial difference between L1 and L2 

practitioners in terms of quality and productivity, and that one’s translation performance is 

not dependent on one’s mother tongue. Yet, disapproval of L2 translation remains 

widespread. Amidst these open and contentious issues, the present research aims to offer 

some meaningful input as to whether findings related to translator attitude to MT, level of 

professional experience and dominant working language are borne out in a post-editing task.  

To this end, an exploratory study using principally the qualitative research methods of direct 

observation and survey is carried out. The study is conducted in a naturalistic setting to elicit 

textual and numerical data from the participants, which are then processed for analysis with 

broadly quantitative techniques. Details of the methodology adopted, the research design and 

methods selected and used are provided in the next chapter.           
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Chapter 4. Methodology 

This chapter discusses the methodology adopted in the present study to address the three 

main research questions listed in Section 1.3. It begins with the operationalisation of the 

research questions into their component sub-questions, accompanied by an outline of the 

research design which mentions the methodological approach taken as well as research ethics 

and validity. Participant recruitment and text selection are then considered, in addition to the 

research setting for the pilot and the main studies together with the key learning points from 

the pilot. The methods and instruments for eliciting data are introduced and the rationale for 

their choice examined. Relevant literature is reviewed and discussed within the respective 

sections. The chapter concludes with an account of how the raw data generated were 

processed and coded for analysis.    

4.1. Operationalisation of Research Questions 

In the present study on post-editing of Chinese-to-English (ZH-EN) machine translation 

(MT) by professional translators based in New Zealand, the key aspects investigated, 

corresponding to the three main research questions listed in Section 1.3, are execution of the 

task, correlations between perception and actuality, and impact of participants’ selected 

personal attributes on PE. Each of these strands of inquiry is expressed below as a set of sub-

questions (SQ) with their operationalised variables. 

4.1.1. Task Execution 

The sub-questions and variables for the first research question “How do professional 

translators in New Zealand who translate from Chinese to English post-edit a technical text 

machine-translated into English?” are: 

SQ1.1: How long do participants take to complete the post-editing task? The variable is 

duration, measured in minutes. 

SQ1.2: How is this time utilised in terms of preparing for the task, post-editing the given 

machine-translated text and self-revising the post-edited output? The variable is 

duration, measured in minutes and expressed as percentages when appropriate. 
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SQ1.3: How many textual changes do participants make to the machine-translated text 

 in terms of word insertion, deletion, substitution, and re-ordering? The variable is 

 count of instances, expressed as percentages when appropriate. 

SQ1.4: How many, and what types of, post-editing errors do participants make and/or 

 introduce during the task? The variable is count of instances, grouped by category. 

SQ1.5: How many, and what types of, machine translation errors do participants 

 overlook during the task? The variable is count of instances, grouped by category. 

4.1.2. Perception and Actuality 

The sub-questions and variables for the second research question “How do subjective self-

reported and objective measured data generated in the study correlate?” are: 

SQ2.1: Does perceived post-editing effort correlate with actual post-editing time, 

 number of editing actions taken, output quality and sentence length? Perceived 

 PE effort is a numerical score, PE time is duration measured in minutes, number of 

 edit actions is measured as counts, output quality is indicated by a numerical TER 

 score, and sentence length is the word count.  

SQ2.2: Do post-editing time, number of editing actions taken, output quality and 

 sentence length correlate? As in SQ2.1, PE time is duration measured in minutes, 

 number of edit actions is measured as counts, output quality is indicated by a 

 numerical TER score, and sentence length is the word count. 

4.1.3. Influence of Translators’ Personal Attributes 

The sub-questions and variables for the third research question “How do participants’ attitude 

towards machine translation, in-domain translation experience and dominant language impact 

post-editing performance?” are: 

SQ3.1: Do participants with a more positive attitude towards machine translation rate 

 machine-translated sentences as requiring “manual retranslation from scratch” 

 less frequently than individuals with a less positive attitude? Attitude is indicated 

 by a numerical score and frequency is measured as counts.  

SQ3.2: Do participants with a more positive attitude towards machine translation spend 

 more time post-editing (first pass) the machine-translated sentences, self-revising 
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 their post-edited output, and doing task-related preparation than individuals 

 with a less positive attitude? As in SQ3.1, attitude is indicated by a numerical score, 

 and activity time is measured as duration in minutes.  

SQ3.3: Do participants with a more positive attitude towards machine translation 

 produce post-edited output of better quality than individuals with a less positive 

 attitude? As in SQ3.1, attitude is indicated by a numerical score, and output quality is 

 indicated by the numerical TER score as mentioned in SQ2.1. 

SQ3.4: Do participants with in-domain (patent) translation experience return higher 

 post-editing productivity and better post-edited quality than individuals without 

 such experience? Patent translation experience is measured as the number of patent 

 jobs in a year, productivity is taken as post-edited output per unit of time, and quality 

 is indicated by the numerical TER score already mentioned. 

SQ3.5: Do participants with in-domain (patent) translation experience make fewer post-

 editing errors related to meaning (in other words, accuracy-related) than 

 individuals without such experience? As in SQ 3.4, patent translation experience is 

 the number of patent jobs in a year, while PE errors are counted by instances. 

SQ3.6: Do participants post-editing into their L1 return higher productivity and better 

 post-edited quality than individuals post-editing into L2? L1 is either English or 

 Chinese with the other language being L2, while productivity is the post-edited output 

 per unit of time and quality is indicated by the numerical TER score.  

SQ3.7: Do participants post-editing into their L1 make more changes related to syntax 

 and grammar (in other words, fluency-related) to the machine-translated text 

 than individuals post-editing into L2? As in SQ3.6, L1 and L2 are either English or 

 Chinese, while editing changes are counted by instances.  

SQ3.8: Do participants post-editing into their L1 introduce fewer fluency-related errors 

 during the task than individuals post-editing into L2? As in SQ3.6, L1 and L2 are 

 either English or Chinese, while fluency-related errors are counted by instances. 

SQ3.9: Do participants post-editing into their L2 make more accuracy-related changes 

 to the machine-translated text than individuals post-editing into L1? As in SQ3.6, 
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 L1 and L2 are either English or Chinese, while accuracy-related changes are counted 

 by instances. 

SQ3.10: Do participants post-editing into their L2 introduce fewer accuracy-related 

 errors during the task than individuals post-editing into L1? As in SQ3.6, L1 and 

 L2 are either English or Chinese, while accuracy-related errors are counted by 

 instances. 

SQ3.11: Do participants post-editing into their L2 spend more time on online MT 

 systems than individuals post-editing into L1? As in SQ3.6, L1 and L2 are either 

 English or Chinese, while duration on online MT is measured in minutes. 

4.2. Research Design  

To answer the main research questions operationalised through the sub-questions, an 

exploratory participant-oriented approach using a combination of qualitative and quantitative 

methods and techniques was adopted in the present thesis. The exploratory outlook is 

appropriate, in the researcher’s view, due to the fact that PE is, as yet, not a mainstream task 

type which New Zealand professional translators are familiar with. Therefore, the PE task in 

the present study was performed more as a hypothetical task by the participants.  

4.2.1. Methodological Considerations     

Exploratory research methodology encompasses empirical investigations to generate 

information about unknown or little known aspects of a phenomenon (Teddlie and 

Tashakkori 2009:335) and to explore the phenomenon’s attributes and possible relationships 

(ibid.:333). Exploratory research “emphasizes development of theory from data” (Stebbins 

2001:5). It adopts the inductive method of reasoning and proceeds from specific observations 

to broader generalizations where possible. In a partial
52

 sense, the research methodology 

followed in the present study borrows from one of the fundamental grounded theory tenets 

developed in 1967 by Glaser and Strauss, and more recently interpreted by Stern and Porr, as 

“discovery [of concepts] never verification [of established theory]” (2011:39-40). 

The present study may also be seen as “participant-oriented research” (Saldanha and O’Brien 

2014:150) since it not only required the participation of human translators in the research 
                                                           
52

 ‘Partial’ is mentioned here because the research design did not include any element of reiterative sampling 
and data collection “to construct emergent analyses”, which is a requirement in the classic grounded theory 
approach (Charmaz 2008:156).  
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process, the observation and analysis/interpretation of their edit actions during PE also 

generate and construct new knowledge on the topic being studied. Moreover, the present 

study involved methodological triangulation, or the “concurrent use of different data 

elicitation procedures” (Alves 2006:1), as no single method or tool on its own appears 

adequate for investigating aspects of human PE in their entirety. A combination of methods 

to collect and analyse data not only helps to overcome limitations of currently available tools 

and techniques, it contributes to improving reliability and validity (see, for example, 

Jakobsen 1999:19, Carl 2009:225).  

Multiple perspectives derived from combining methods and tools give “complementary and 

mutually enhancing ways of reaching richer interpretations of the observed phenomenon” 

(Calfee and Sperling 2010:7). The potential for obtaining a deeper understanding of the 

phenomenon of interest is greater from a combination of methods and tools than from each of 

the individual method or tool on its own. In fact, for translation studies research, it is often 

deemed desirable and appropriate to combine quantitative and qualitative approaches “if 

fuller descriptions are to be offered” for the observed phenomena (Saldanha and O’Brien, 

2014:61). 

Guided by the above literature, a small-scale exploratory study which collects and analyses 

textual and numerical data was designed to observe the process by which professional 

translators, with no formal PE training and practically no PE experience, post-edited the 

given machine translated text. Although descriptive statistics and correlation techniques were 

used to analyse the data elicited in the present study, the researcher has refrained from 

labelling it as mixed methods research (cf. Moorkens 2015). The rationale is that fundamental 

characteristics commonly associated with quantitative research were absent from the present 

study while it displayed many of the hallmarks of qualitative research. The present research 

design did not incorporate features such as random sampling, random assignment of texts, 

controlled variables, experimental group versus control group, or pre and post-treatment on 

subjects, because its aims did not include hypotheses testing or generalisation of results.    

The present study combined three commonly used methods in qualitative research: direct 

observation and questionnaire, supplemented by post-task interview. Questionnaires and 

interviews are often grouped under the umbrella term survey research (see, for example, 

Grosof and Sardy 1985:109, Trochim et al. 2015:172). The rationale for the choice of each of 

the methods is first presented below, before we look more closely at the research design. 
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4.2.2. Direct Observation and Survey Research 

The direct observation component of the present study provided process-related data by 

tracking how the participants each carried out the post-editing task. The questionnaire 

component provided both numerical and textual data about who the participants were in 

terms of their professional background, translation experience and attitude relating to 

machine translation. The interview component provided some additional insight regarding the 

participants over and above what the questionnaires elicited. In addition, after the post-editing 

task was completed, product-related data was available from the final post-edited texts 

representing what the participants produced. 

Observation “entails the systematic noting and recording of events, behaviors...in the social 

setting [of the phenomenon under study]” (Marshall and Rossman 2016:143). Some 

researchers distinguish between participant observation and direct observation (see, for 

example, Guest et al. 2013:78-79), or participant observation and systematic observation 

(see, for example, Dyer 2006:80-82), depending on the degree the observer becomes directly 

engaged or involved with the participants while they are being observed. Whereas participant 

observers take on the dual role of researcher and participant, and immerse themselves in the 

group or community of individuals being observed, a direct or systematic observer is an 

uninvolved and non-interactive onlooker who monitors what can be objectively observed.  

As there is no interaction between the observer and the observed during the observation when 

data is captured, the effect of undue influence of the researcher on the participant is 

minimized in the direction observation method. The absence of observer-participant 

interaction in direct observation also means that technology may be used in place of a human 

observer to record the phenomenon of interest (Guest et al. 2013:78). This further reduces the 

threat of researcher bias or error during data collection. For these reasons, among the various 

ways researchers can observe their subjects/participants (assuming that it is suitable for the 

purpose of the study), direct observation may arguably be seen as the technique that poses the 

lower threat to reliability, or consistency, in measuring the construct being investigated. In 

the present study, direct observation through screen-recording is one of the principal data 

elicitation methods used, and the selection of BB Flashback as the instrument is discussed in 

Section 4.7.3.   

Questionnaires and interviews are two methods (and also the instruments) used to 

systematically elicit information from a sample of participants or respondents by asking them 
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questions. The most salient difference between them is the involvement of an interviewer in 

the latter method (see for example, Trochim 2001:109, Kumar 2011:145). During the course 

of the conversation between an interviewer and an interviewee in unstructured and semi-

structured interviews, the interviewer’s presence (whether in person or through a 

telecommunication medium such as the telephone or the Internet) makes it possible to 

address additional explanatory or follow-up questions should such a need arise, or if such an 

opportunity presents itself. In contrast, a questionnaire is a written list of questions which 

respondents read, answer and return/submit by themselves, and has even been classified by 

some researchers as a “self-administered interview” (Grosof and Sardy 1985:145, emphasis in 

original).  

Questions included in survey research instruments may be open-ended (where respondents 

are free to provide answers in their own words, and therefore, are sometimes labelled as 

verbatim) or closed-ended (where respondents are required to select their response from pre-

defined options, and are therefore also referred to as multiple-choice). In closed-ended 

questions, pre-defined answer choices may be presented to a respondent in the form of a scale 

for rating or ranking
53

, depending on the research circumstance. In general, closed-ended 

questions take relatively less time to answer than open-ended ones, and the limited choice of 

standardized responses to closed-ended questions render comparative analysis across 

respondents easier. However, the free-flowing responses to open-ended questions often 

provide additional insights to and contextual understanding of the respondents and the 

phenomenon being investigated, which the pre-prepared answers to closed-ended questions 

preclude by design. The questionnaires in the present study contained both open and close-

ended questions (see Section 4.7).             

Additionally, based on the amount of flexibility the researcher (or the interviewer as the case 

may be) builds into the wording of the questions and their sequencing and organisation, 

interviews may be classified as structured, partially structured or unstructured (see for 

example, Kumar 2011:144-145). Another way, still working from the same basis, is to 

categorize interviewing into a standardized open-ended, interview guide or informal 

conversational approach (see for example, Patton 2002:341-347). At one end of the scale, the 

structured or standardized open-ended interview requires the interviewer to follow a prepared 

script strictly, in terms of both its content and sequence. This approach offers very little or no 
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 Due to their capability of generating numerical data directly or indirectly, questionnaires are also included as 
a quantitative research method in some literature (e.g., Muijs 2004)  
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room for deviation from the standard list of questions, and as such, approximates a verbal 

face-to-face questionnaire with its contingent advantages of uniformity, completeness and 

easy comparability.  

At the other end of the scale, the unstructured or informal conversational interview gives the 

interviewer a very high degree of freedom and flexibility to formulate questions around the 

issue(s) being investigated, as the conversation progresses. Provided the interviewer is 

sufficiently skilled in interviewing techniques, the situational and somewhat opportunistic 

platform for the unstructured interview can yield a lot of insights and information. Yet, apart 

from potentially taking a lot of time to adequately cover the topic(s) of the interview, the 

sheer volume of ‘conversation’ generated by the unstructured or informal approach also poses 

its own challenge to the researcher when it comes to systematically and meaningfully 

reducing and analysing the information gathered.  

In between the two extremes is the intermediate approach, a partially or semi-structured 

interview in which the interviewer follows a question guide. This guide outlines, before the 

interview, the topics and issues to be covered, but the interviewer “decides [the] sequence and 

wording of [the] questions in the course of the interview” (Patton 2002:349). Although data 

obtained from semi-structured interviews may not be as readily comparable as those derived 

from structured ones, the guided-questions approach retains some semblance of the 

‘naturalness’ of the conversational interview and its ‘situatedness’, which, to a certain extent, 

lets the interviewer probe each interviewee and their individual circumstance. This guided 

approach was deemed most suitable for the present purpose and was adopted in the present 

study. 

In the specific research situation where respondents are asked to recall and retrospectively 

explain/talk about action(s) they have taken, “providing contextual information and prompts 

to subjects may aid recall” of those actions (Ericsson and Herbert 1993:21). Incorporating 

aided or stimulated recall in an interview may enable researchers to elicit informative and 

interesting insight from respondents to “weave a more richly triangulated, multiplistic tale” 

(DiPardo 1994:176), as presenting subjects with cues from an original situation helps them 

relive that situation with “great vividness and accuracy” (Bloom 1954:25). Techniques such 

as screen recording and keystroke logging are used to provide cues to aid recall in 



 

113 
 

retrospective verbalization studies. The translation-specific keystroke logging tool Translog
54

 

has been used by translation process researchers such as Hansen (2006) and Englund 

Dimitrova and Tiselius (2009), where subjects view a high-speed playback of their target text 

production and verbalize/comment on what they recall they were doing and thinking during 

the translation process earlier. Meanwhile, non-translation specific screen recorders (for 

example, Camtasia Studio and BB Flashback) and keystroke loggers (for example, ScriptLog 

and InputLog) are also used to aid such “cued retrospective protocols” (O’Brien 2011b:3) in 

PE studies, as well as in other investigative methods employed in translation-related research 

(see for example, Englund Dimitrova 2005, PACTE 2011, Lacruz et al. 2012, Temizöz 2013, 

Enríquez Raído 2014). In the present study, the screen logs from observing the PE task also 

provided the visual cues to facilitate the stimulated recall post-task interviews. 

Observation, questionnaire and interview are among the qualitative methods commonly used 

in translation and PE studies involving human participants. The manner in which these 

methods were deployed together in the present study is discussed next.  

4.2.3. Overview of the Present Design 

The research design of the present study specified three sequential data elicitation 

components (see Figure 4.1). These were a pre-task component which aimed to profile the 

participants in terms of whom they were as translators, a main PE task the process of which 

was recorded and from which the participants’ post-edited output were obtained, and a post-

task component the objectives of which were to gather from participants feedback on the task 

and supplementary comments about some of the PE actions they took. 

 

Figure 4.1. Research design: data elicitation components 
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 Translog was developed at the Copenhagen Business School by Arnt Lykke Jakobsen in 1999 to log keyboard 
activities during translation. In 2012, the current version Translog-II was released. One of the most salient 
advances in Translog-II compared to earlier versions is the capability of communicating directly with an eye 
tracker to record gaze behaviour (Carl 2012:4108).  
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The research design was trialled in a pilot study, after which some minor adjustments were 

made for the main study. The key learning points from the pilot study and the procedural 

differences between the pilot and the main studies, as well as the refinements to the data 

elicitation tools are summarized in Section 4.6. 

The inter-connections between the data elicitation components, the data sources and the three 

main research questions are presented schematically in Figure 4.2. The participants were all 

practitioners in New Zealand translating professionally in the ZH-EN direction, the 

recruitment of whom we will return to in Section 4.3. Data were elicited and gathered 

through six sources. The pre-task Questionnaire 1, and the final post-edited texts output, the 

screen-recording logs and the effort ratings from the main task were the four principal data 

sources. The two supplementary sources were the post-task Questionnaire 2 and the semi-

structured interview with stimulated recall. 

 

Figure 4.2. Research design: schema of data elicitation vis-à-vis research questions 

Questionnaire 1 was administered before participants began the PE task, to gather data about 

their demographics, translation-related background, professional experience and attitude 

towards MT. The information went towards differentiating the participants into groups in 

order to facilitate answering the third research question about the impact of selected translator 

attributes on PE performance. Questionnaire 2 was administered after the PE task to capture 

participants’ immediate reaction to, and their thoughts about, the PE task they had just 

completed, when these impressions were still fresh in their minds. The primary purpose of 

this post-task questionnaire was to establish whether any element of the design materially 
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affected how the task was performed and/or conducted, so its link to the research questions 

was shown as a dotted line. 

To observe the process of the main task, each participant’s PE session was logged from start 

to finish with a general-purpose screen-recording application. As PE is an unfamiliar activity 

to all but one of the participants (see Section 5.2.1), the intention was to capture all behaviour 

related to the task, including how they prepared for the task, the external resources they 

consulted, and whether and how they self-revised their work. To investigate the PE product, 

the final post-edited texts produced by the participants containing all the changes they made 

to the raw machine-translated text were compiled and coded (see Section 4.8.3). The screen 

logs and final post-edited output constituted the two sources which provided the data to 

address the first research question on how the participants post-edited the given ZH-EN 

machine-translated patent text. In turn, the findings from RQ1 were used with the data 

derived from the first questionnaire to answer the third research question on how PE 

performance was impacted by translator attributes.  

In addition, after each translator finished post-editing a sentence, they rated on a five-point 

Likert scale the effort they felt was needed to post-edit that sentence before proceeding to the 

following sentence. This activity generated the perceived PE effort rating which, considered 

with the measured data obtained from the screen-recording logs and the post-edited texts via 

the first research question, constituted the self-reported data that go towards answering the 

second research question about correlations between perception and actuality. The data-

generating instruments are discussed in more detail in Section 4.7. 

As part of post-task data elicitation, segments of each participant’s own screen-recording 

‘movie’ were played back to them to facilitate a semi-structured interview. Some of their 

responses in the interviews contributed towards answering the first and second research 

questions. Although these stimulated-recall ‘conversations’ could potentially provide rich 

contextual insights into how each translator carried out the PE task, they could not be taken 

as one of the primary data sources in this study. This resulted from time constraint in 

consideration of minimising participant fatigue, which made it necessary that interviews be 

conducted for only parts of the screen-recorded sessions (see Section 4.6.3 for the basis of 

selecting the excerpts to be played back). As such, information derived from the interviews 

only contributed towards partially explaining or affirming some of the measured data as well 

as the present researcher’s interpretation/annotation of some of the PE changes participants 
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made to the MT output, hence the dotted-line relationship between the interview and the 

research questions in Figure 4.2, similar to the second questionnaire. 

In sum, the study was designed to yield process and product-related data, some structured and 

others more free-flowing, to facilitate analysis. The numerical data derived was suitable for 

descriptive statistical analyses to complement the data annotated from the final post-edited 

output as the manifestation of decisions and actions taken by each participant during the PE 

task to address problems they found in the MT output. The post-edited texts were also useful 

to provide a comparison of output quality, as assessed by means of automatic evaluation 

metrics, among the group of participants in the study. Finally, the textual data obtained from 

participants’ comments in both the post-task questionnaire and the interview served to enrich 

the understanding of some of the observations made during the exercise.  

4.2.4. Ethics and Validity 

The present research was approved by The University of Auckland Human Participants 

Ethics Committee (Approval reference 9336, see Appendix B) and had been conducted in full 

compliance with the stipulated ethics regulations, from recruitment through to participation. 

It also followed standard procedures for informed consent. All the professional translators 

contacted in regards to this research (i.e., both the potential and selected participants) were 

kept fully informed of the purpose and conduct of the research, the nature and extent of their 

involvement in the study, as well as their right to withdrawal from participation, and 

anonymity and confidentiality at all times.  

Before participants commenced the data elicitation activities, they were invited to ask any 

questions or clarify any doubts they might have about the research they were about to 

contribute to. They then signed a consent form where they acknowledged that they had read 

and understood the content of the Participant Information Sheet (which had been first 

provided at the point of initial contact, and was again available on-screen throughout the data 

elicitation activities), and that their participation in the study was completely voluntary. The 

signed consent forms would be retained for a period of six years, as stipulated in the 

University’s ethics requirements. Given the time commitment sought from the research 

participants, they were each compensated with a NZ$100 fuel voucher.  

In designing and conducting the present study, there were occasions when the question of 

validity took centre stage, in particular the conflict between construct and ecological validity. 
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Construct validity concerns the extent to which a test measures what it purports to measure; 

while ecological validity concerns the extent to which methods, materials and setting of a 

study approximate the real world. By definition, these two important types of validity are 

often mutually incompatible. On the one hand, the fail-safe way to uphold construct validity 

is to run a test in an absolutely controlled setting, where the construct of interest is the only 

variable present. By so doing, however, ecological validity is likely to be totally ignored, as, 

in the real world, especially in research involving humans, finding a ‘clean’ situation where 

there is only one variable is close to, if not, impossible. On the other hand, if a study is 

conducted with only ecological validity in mind, it may in all probability not be seen as 

robust enough to qualify as scientific research.  

As noted by researchers such as Göpferich and Jääskeläinen, the appropriateness of research 

methods depend on the research aims, and “the choice is always a compromise between a 

number of factors, including validity, reliability, and the availability of subjects and 

resources” (2009:171). In the present case, some trade-off between the two types of validity 

was necessary. The conflict and compromise are highlighted when we discuss participant 

recruitment in Section 4.3, the test set (i.e., the text for post-editing) in Section 4.4, and the 

research setting in Section 4.5. The overall guiding principle for the present researcher 

throughout the study was to strike a balance, weighing pragmatism and availability of 

resources against the questions the research aimed to address; namely, to observe the 

practices of professional translators post-editing the given MT text in a naturalistic 

environment, to explore whether there are meaningful relationships between observed and 

participants’ self-reported data, and to investigate the (potential) impact of participants’ 

personal attributes on PE performance. 

4.3. Participant Recruitment 

The research interest of the present study is on how professional translators carried out post-

editing. Adopting Jääskeläinen’s definition of a professional translator as one who “earns 

their living by translating” (2010:215), the researcher set out to recruit research participants 

among translation practitioners in New Zealand who engage in the activity as a means of 

livelihood, whether on a full-time or part-time basis. As mentioned in Chapter 1, the 

predominant business model in New Zealand, perhaps not unlike many other countries, is a 

language service provider employing a (very) small number of in-house staff 

translators/editors and being supported by a network of self-employed freelancers, some of 
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whom may even be physically located abroad. Given the main purpose and the research 

design of the present study, it was neither suitable nor practical to include translators based 

overseas. The detailed profiles of the final cohort of participants are presented and discussed 

in Section 5.2. Here, we focus primarily on the recruitment process. 

4.3.1. Sampling and Prerequisite 

According to Saldanha and O’Brien, it is very difficult, if not impossible, to obtain an ideal 

sample in translation research. Instead, a researcher needs to “reduce bias and increase 

validity by using the most appropriate sampling methods under the circumstances” (2014:35). 

In the present research, participants were recruited from the local translation industry through 

purposive sampling to cover key aspects of our research questions (ibid.:180). There was an 

overlapping element of convenience sampling (ibid.:34) for the pilot study, as the 

professional translators recruited for that were also the most easily accessible at the time. 

Clearly, all the participating translators in the present research were self-selecting; in other 

words, they were not a random sample drawn from an infinite or very large population.   

As mentioned in Section 1.1.2, some professional translators (and interpreters) who live and 

work in New Zealand are members of the NZSTI. The Society is the only body in the country 

representing professional translators and interpreters, although membership is currently not 

mandatory to practise locally. The organisation aims to protect members’ professional 

interests, provides a forum for members to network, and promotes quality standards and 

professional development among its members. NZSTI has a sufficiently robust mechanism in 

place to manage membership categories. The current eligibility criteria for ordinary translator 

members include a Postgraduate Diploma in Translation from The University of Auckland 

(UoA) and a minimum grade of B+ (equivalent to a 75% mark or higher) for its Advanced 

Translation Practice course. Ordinarily, membership is granted for one language direction 

only (into the member’s mother tongue, or L1), unless the applicant can furnish acceptable 

proof of proficiency otherwise. Increasingly, government organisations (like the Ministry of 

Justice and New Zealand Transport Authority) that use the services of language professionals 

specify NZSTI membership as a pre-condition (NZTA 2016:8). NZSTI’s translator members 

with the appropriate language direction therefore represented the only existing and reliable 

source of potential participants for the present study. 

Being a member of NZSTI herself for translation from Chinese into English, the present 

researcher is keenly aware that the number of practitioners for ZH-EN in New Zealand is 
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comparatively fewer than the number working in the reverse language direction (see Section 

1.1.2). Yet, due to pragmatic reasons related to data processing and analysis in consideration 

of the researcher’s own language competence, the study was focused on the Chinese-to-

English direction. A search on the ‘Find a Translator’ page of the NZSTI website
55

 in July 

2014 for their ordinary ZH-EN translator members returned the contact details of twenty 

individuals. As this pool of potential participants was so limited, only one prerequisite was 

specified for participating in the research project: professional experience translating in the 

ZH-EN direction. Although it would be desirable to control for other attributes (such as, 

native proficiency in English with an excellent command of Chinese; prior exposure to 

translation technology and post-editing of machine translation; in-domain translation 

experience; and so on) if we were using a classic experiment design, none was made 

mandatory for our recruitment purposes. Neither was any attribute(s) purposely manipulated 

in this exploratory study. A range of translation experience was in itself deemed suitable for 

the purpose of the present research, as we aim to understand how each of the translators in 

our group carry out PE in the wild, that is, in a naturalistic environment. 

4.3.2. Pilot Study Recruitees 

For the pilot study, one of the main purposes of which was to test the research design, a full-

scale recruitment exercise to reach the wider, albeit small, New Zealand population of 

practising ZH-EN translators was not attempted. Instead, with the assistance from a faculty 

member UoA’s Centre for Translation Studies and Interpreting, recent graduates of the 

University’s Postgraduate Diploma in Translation programme who had completed their 

Advanced Translation Practice course in the ZH-EN direction
56

, were contacted. Three of 

such graduates, who had completed their programme of study in or after 2009 and were 

willing and available to contribute towards the research project, were recruited. At the time of 

recruitment, they were all practising professionally in New Zealand, translating either solely 

or predominantly in the ZH-EN direction, although none was a member of NZSTI. This does 

not indicate in any way that the three pilot recruitees were less qualified or less suitable than 

the main study recruitees to participate in the present research. As holders of the Postgraduate 

Diploma in Translation from UoA, the pilot recruitees would have been eligible to apply for 

NZSTI membership. At the material time, though, one of the recruitees already had an 
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 NZSTI is a member organisation of International Federation of Translators FIT. (http://www.nzsti.org/) 
56

 The Postgraduate Diploma programme at UoA differentiates between students who translate into or out of 
English through a compulsory study module on advanced translation practice.  

http://www.nzsti.org/
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established overseas clientele in his area of specialisation and chose not to be a member of 

the New Zealand professional body. The other two recruitees went abroad shortly after taking 

part in the pilot study. To date, neither has returned to New Zealand to practice as translators 

in any professional capacity. The three recruitees for the pilot study are referred to as 

participants P1, P2 and P3. 

4.3.3. Main Study Recruitees 

The recruitment for main study participants began in mid-2014. As already mentioned, 

NZSTI was the first port-of-call. Of the 20 qualified translator members whose names and 

details were available, two were excluded: one was based in Australia, and the other was the 

present researcher. The remaining 18 translators were contacted by e-mail with an outline of 

the research project and an invitation to participate. Ten did not respond to the e-mail 

initiative, while four replied to say they would not participate because they were either not 

keen or not available. The balance four NZSTI members were recruited and eventually 

participated as part of the main study cohort.  

Of the NZSTI members so approached by e-mail, all except one were from Auckland, where 

the researcher is based. To reach other potential recruitees outside of Auckland or who were 

not members of NZSTI, the assistance of three established translation companies, two in 

Wellington and one in Christchurch, was enlisted. All three companies were approved 

translation service suppliers to the New Zealand Department of Internal Affairs. The research 

project and the need for participants were explained to the manager in each of the three 

organisations, and their help was sought to reach out to their New Zealand network of 

freelance ZH-EN translators. Four Wellington-based translators were recommended by the 

translation service providers there and were eventually recruited, while no interest came forth 

from Christchurch. Eventually, two of the Wellington recruitees had to withdraw from 

participation due to a clash with their work/travel schedule, leaving two who participated. 

Other (less structured) avenues of recruiting participants for the main study were through the 

researcher’s university connections. Practising ZH-EN translators who attended a translation-

related symposium organised by UoA were canvassed. Invitations were extended to more 

graduates of the University’s Postgraduate Diploma in Translation programme, as was 

previously done for the pilot study. Of the four potential recruitees approached through these 

means, two responded to the invitation and subsequently participated. The others did not 

respond in any way. 
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In total, the full complement of professional translators who took part in the main study 

consisted of eight individuals. They are referred to as participants M1 through M8. 

4.3.4. Overall Remarks about the Participants 

Since a translator’s, and by extension a post-editor’s, command of their working languages is 

one of the factors that could have significant impact on their translation and post-edited 

output, it would have been ideal to independently and objectively assess and verify the 

language proficiencies of the participants beforehand. However, for both the pilot and the 

main study in the present research, the participants’ self-assessment was accepted at face 

value as independent language tests were not feasible for pragmatic reasons. Another point to 

note is that not all of the participants professed having English as their first language (L1), 

even though they all make a living translating into English to a greater or lesser extent. In 

other words, some of the participants actually work into English as their second language 

(L2).     

In addition, the level of in-domain (patent) translation experience among the participants was 

varied, ranging from several years to none at all. Strictly speaking, an absence or lack of 

homogeneity among participants may pose a potential threat to construct validity. Yet, 

industry and academic sources are in agreement that a range of experience in participants is 

advantageous when the purpose is to study the spread of performance or engagement in a 

group. Including participants with varying levels of expertise tends to yield “a more accurate 

average measurement” (Massardo et al. 2016:22), and also produces “balanced results” due to 

differing levels of engagement with the research being undertaken (Moorkens and O’Brien 

2015:80).  

Moreover, the spread of patent translation experience is ecologically valid, as the group of 

participants in this study represents a realistic and reasonable cross-section of translation 

practitioners one encounters in the real world of the commercial translation sector vis-à-vis 

the situation in New Zealand. More importantly, the purpose of this study is to explore how 

the post-editing task was carried out ‘in the wild’ — in a naturalistic, non-manipulated 

environment. On balance, therefore, ecological validity took precedence in this conflict. 
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4.4. Text Selection 

The text used in the present study was drawn from a patent document. In this section, we 

share the motivation behind this text type, recount how the researcher sourced the material, 

and examine the basis for selecting the test set.  

4.4.1. Motivation, Provenance and Selection 

Patents provide the world with a window into scientific innovation (Vashee c.2010). The 

translation of patents is an important application of MT (Hsu 2014:122), with patents being 

one of the most machine-translated domains due to intense interest from both research and 

commercial circles (Tinsley 2017:427). The World Intellectual Property Organization 

(WIPO) has reported since 2010 that the total number of international patents filed under the 

Patent Cooperation Treaty (PCT)
57

 is rapidly rising every year, with China consistently being 

among the top patent filing countries. According to the latest WIPO statistics currently 

available, 50.1% of patent applications in 2016 were filed in English while 12.4% were in 

Chinese (2017:66). With this significant combined volume, research into post-editing of 

machine-translated patents for the Chinese and English language pair will likely be of interest 

to many, due to its practical applicability and commercial implications. 

In mid-2013, the researcher reached out to translation technology companies and other 

translation industry players in New Zealand and abroad for assistance with a test corpus. The 

intention was to search for suitable texts for the planned research project. A global developer 

and vendor of automated translation technology, then based in Singapore, was at the time 

developing a ZH-EN rule-and-statistical hybrid MT engine based on their core proprietary 

translation technology and customized for the patent domain. They offered to run a Chinese 

patent document through their customized ZH-EN engine, and would provide the researcher 

with the corpus (source text plus raw MT output) for research purposes. Shortly afterwards, 

the parallel text
58

 consisting of a patent in Chinese (18 pages ~16,000 characters) and the 

machine-translated text in English (22 pages ~11,000 words) generated by their customized 

patent MT engine were received as two Notepad files. 

                                                           
57

 The PCT system, administered by WIPO, facilitates the process of seeking patent protection in multiple 
countries. On 1

st
 November 2017, the PCT reportedly has 152 contracting states. International patent 

applications statistics are available from http://www.wipo.int/ipstats/en/statistics/pct/. Although more than 
one route exists for filing patent applications, the discussion is confined to this one example in this thesis for 
the sake of clarity.  
58

 The complete parallel texts are available on request. 

http://www.wipo.int/ipstats/en/statistics/pct/
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As the primary research interest of the present study was not to evaluate MT quality per se, 

the raw MT output provided was not independently assessed for quality prior to conducting 

the pilot study. The global translation technology vendor’s website stated that their 

customized, domain-specific MT engines were capable of delivering output of near-human 

quality. Since the Chinese source text and the customized engine were both from a real-life 

commercial source, the suitability of the machine-translated English text for post-editing was 

assumed and accepted on a black-box basis. 

However, the present research design could not reasonably accommodate the corpus of 

16,000 characters and 11,000 words in its entirety. A more manageable subset of 

approximately 510 characters and 330 words (see Section 4.6.4) was therefore extracted from 

the parallel text files to be used as the test set in this study. This was guided by some 

comparable examples of test set size. Recent translation and PE studies involving 

professional translators where Chinese was one of the investigated languages have used 164 

(82 x 2) Portuguese words (da Silva et al. 2015:151) and 154 English words (Wang and Lim 

2017:66) in their experimental texts.   

The test set for our study was selected from the Description section of the patent document. 

The criteria for selecting the test set were driven by the need to strike a balance among 

several considerations: limiting the post-editing task to a reasonable duration, generating 

sufficient data for meaningful analysis, maintaining sensible contextual flow in the content, 

and remaining accessible to translators who do not necessarily specialize in patent translation. 

Parts of the parallel text files that were too long, too short, too detailed, too fragmented or too 

technical were not considered suitable for the present purpose.  

4.4.2. Construct Validity Considered 

During the pilot study, participant P3, who among the pilot participants had clocked the most 

patent translation experience
59

, remarked in the post-task interview that some of the language 

in parts of the Chinese source text seemed somewhat unusual, and suggested that it could be 

because the Chinese patent was itself a translation. Upon checking with the translation 

technology developer who provided the parallel text files, they advised that they had 
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 In a subsequent conversation a few months after the pilot study was conducted, participant P3 mentioned 
to the researcher that he had worked almost exclusively with patent translation for several years immediately 
prior to his participation in the present research. 
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randomly downloaded Chinese patent number CN1998006B
60

 from the Internet and ran it 

through the MT engine they were customizing, before sending both Notepad files to the 

present researcher. After some online searching, the researcher established that patent number 

CN1998006B was indeed a translation of English patent number CA2566720A1
61

, which had 

been filed with the Canadian Intellectual Property Office (CIPO) several years before the 

Chinese version CN1998006B was lodged with the State Intellectual Property Office (SIPO) 

in China.              

The discovery regarding the provenance of our source text, namely the Chinese patent 

CN1998006B, essentially meant that the PE task in the pilot study had been performed on the 

machine translation of a translation. In other words, the translation technology developer had 

in fact used a Chinese text, itself translated from English, as the input (or source) text to feed 

into their MT engine. Instinctively, this switch appeared to constitute a violation of construct 

validity. The supplementary information uncovered about our source text, sparked by a casual 

remark from participant P3, presented the research with a dilemma. From a pragmatic 

perspective, there were no resources to conduct a second pilot using a new text. All the same, 

the main study should not proceed with untested material. The pool of suitably qualified 

potential participants in New Zealand was preciously small; if some of them were to 

participate in a second pilot, the sample size (i.e., number of participants) in the main study 

would be severely compromised.  

This led the present researcher to scrutinise the Chinese source text more closely, through the 

eyes of a translator, as if it were a potential job to be priced for a client. As a near-native 

Chinese speaker with several years’ experience translating professionally from Chinese to 

English, specialising in technical texts (in the fields of botany and horticulture) and artistic 

genres (of performing arts), the researcher had the language and translation skills to make an 

informed assessment of the Chinese source text. In the researcher’s professional opinion, the 

Chinese text used as source text in the pilot study was reasonably coherent and not abstruse, 

although it was not a particularly elegant piece of writing and did contain a couple of 

awkward constructions. Moreover, participant P3 also remarked during the post-task 

interview that his clients had very often requested for back translations, and doing back 

translations was a very common task in the real world of patent translation. Subsequently, an 
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 The published patent is available from https://encrypted.google.com/patents/CN1998006B?cl=zh (visited 
06.11.2017) 
61

 The published patent is available from https://encrypted.google.com/patents/CA2566720A1?cl=tr (visited 
06.11.2017)   

https://encrypted.google.com/patents/CN1998006B?cl=zh
https://encrypted.google.com/patents/CA2566720A1?cl=tr
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independent opinion was sought from a ZH-EN patent translator at the PCT/WIPO 

Translation Office (private e-mail communication, 06 July 2017). The patent translator’s 

feedback was that, in view of the peculiarities of patent language, the 511-character excerpt 

from Chinese patent number CN1998006B (used as source text in the present study) could 

have been taken for a Chinese original. While the situation that unfolded was clearly not ideal 

or intended, the researcher rationalised that the main purpose of the present research was not 

threatened, as further justified by the factors below. 

The main research goal of the present study is to observe and understand how the participants 

executed the PE task, not to evaluate MT quality for the purpose of system improvement. 

Furthermore, it is not our research focus to conduct a summative and exhaustive assessment 

of the absolute quality of the MT output, although the number and types of errors introduced 

during PE (see Section 5.1.5.2) and the TER scores (see Section 5.1.5.1) of the post-edited 

texts are considered as qualitative indicators of the participants’ relative PE performance. The 

origin and quality of the Chinese source text, although important, were not the paramount 

determinants as source text characteristics are not among the variables being investigated. 

After due consideration, it was decided not to discard the test set used in the pilot study but to 

proceed with it as the test set for the main study, subject to the refinement mentioned in 

Section 4.6.4. 

This experience reflects in part that, from the MT research angle, the true and exact origin of 

any given input text is becoming difficult to pinpoint or effectively control (Anastasiou and 

Gupta 2011:649), especially in the modern day scenario of crowdsourcing and other massive 

online translation phenomena. In fact, sources such as Doherty (2017:135-136) have voiced 

concern about the “lack of awareness and interest in the source” of corpora and ‘big data’ 

being used and re-used nowadays as resources in MT research and development. An example 

is the Russian to English test data set for the 2014 Workshop on Machine Translation (WMT 

2014). It was alleged at the time that some of the documents in the test data were not 

originally authored in Russian (the supposed source language), but had first been written in 

English (the target language of the task), then professionally translated into Russian for use as 

source material, and finally back-translated into English for the WMT 2014 shared task 

(Schwartz et al. 2014:192). The veracity of this anecdotal report about the origin of the 

Russian text was subsequently confirmed in a separate study (Schwartz 2014:35).  
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In the present case, therefore, the apparent lack of vigilance on the part of the translation 

technology developer as regards the origin of the Chinese input text they used merely 

reflected the current state of disinterest endemic among (machine) translation technology 

developers, regardless of the inherent and/or potential pitfalls. It goes without saying that 

situations such as the one experienced by the present researcher should best be avoided in 

future studies. In being open about the course of events, though, the researcher hopes that this 

first-hand experience will help raise awareness among fellow researchers of the increasingly 

challenging environment of conducting research when sourcing linguistic data, even from an 

allegedly reliable party.    

 

Figure 4.3. Relationship between the texts mentioned in the present study  

In the interest of clarity and to avoid possible confusion which may arise from the text 

displacement in the present thesis, content taken from or related to the Chinese patent number 

CN1998006B used as input text for MT is referred to/described as the ‘Chinese source text’ 

or ‘source text’ for the purpose of the present study (see Figure 4.3). The raw output in 

English derived from the customized MT engine is referred to/described as the ‘target text’, 

‘raw MT output’, or ‘text to be post-edited’. For reference purposes, the excerpt from the 

originating English patent number CA2566720A1 corresponding to the test set used in the 

present study is available in Appendix C. 

4.5. Research Settings for the Pilot and Main Studies 

With due consideration to ecological validity, the operational setting for carrying out the data 

elicitation activities aimed to approximate, as closely as practicable, a professional 
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translator’s usual working conditions in a typical office. In view of the fact that participants 

had been recruited in Auckland as well as Wellington, data elicitation sessions took place at 

both these New Zealand locations at different times.   

For the pilot study and the Auckland component of the main study, the participants 

performed the activities in a shared office at UoA’s city campus. The office was a quiet 20 

feet x 20 feet workspace divided by four-foot high partitions into six workstations, and was 

occupied only by the researcher and the participant throughout each data elicitation session. 

Each workstation was equipped with a Dell desktop computer (running on a Windows 7 

Enterprise operating system with Microsoft Office 2010 Professional installed as standard), a 

QWERTY keyboard, a wired mouse with integrated scroll button, a 22-inch Dell monitor and 

broadband internet connectivity. The (non-standard) screen-recording software program 

needed to log the post-editing sessions was installed in the computer at one of these 

workstations. A second workstation in the same office was used for the purpose of 

completing the pre-task and post-task questionnaires online. The use of parallel computers 

was motivated solely by efficiency, so that the researcher could set up for the next activity 

while the participant was doing one of them.   

The Wellington component of the main study was conducted at the premises of The New 

Zealand Translation Centre Ltd (NZTC), an established translation company located in the 

city’s central business district. All the activities, apart from the two online questionnaires, 

were performed in a 10 feet x 10 feet private office borrowed from one of NZTC’s senior 

staff translators using the researcher’s Dell laptop computer connected externally to a 

standard 22-inch Dell monitor at a normal workstation equipped with a QWERTY keyboard 

and scroll mouse. The operating system was Windows 7 Professional and the productivity 

software suite was Microsoft Office 2010 Professional, and the screen-recording application 

was also installed in this laptop. Internet connectivity was through NZTC’s wireless network. 

For the Wellington participants, the pre-task and post-task online questionnaires were 

completed on one of NZTC’s standard desktop computers available at a spare workstation in 

the open-plan general office shared by approximately 20 people who were all quietly working 

at their own desks. 

The pilot study was carried out from 11
th

 - 15
th

 November 2013 in Auckland, while the main 

study took place between 27
th

 August and 3
rd

 September 2014 in Auckland and Wellington. 

Within these windows, participants were given the opportunity to select a day and time to suit 
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their convenience. To minimize researcher fatigue and in view of the small number of 

participants, data elicitation sessions were capped at no more than two a day: one in the 

morning and the other in the afternoon, except for one evening session held to accommodate 

a participant who was unable to take part during normal working hours. Apart from the 

different days and times, and the two physical locations (and therefore the slightly different 

hardware), all participants in the pilot study, or the main study (whichever the case was), 

worked with the same set of instructions, materials and resources, and followed the same 

procedure and sequence. The changes to the main study, made after the pilot, are discussed in 

Section 4.6.  

Aside from a set of post-editing guidelines (see Section 4.7.2 and Appendix D) which the 

participants were requested to follow, the brief for the post-editing task was intentionally 

non-prescriptive. They were to proceed at their usual pace and work as they would normally 

do. They were also specifically advised that the aim of the exercise was not speed, but that 

the present researcher was interested in how they post-edited the given machine-translated 

text to the usual professional standard and output quality they provided to their normal paying 

clients. In other words, the participants were to treat the research as if it were one of their 

paid jobs, carried out on site at the premises of the ‘client’ in accordance with a specific set of 

guidelines.  

All the data elicitation activities, apart from the two questionnaires completed in an open 

office environment in Wellington, were undertaken undisturbed and uninterrupted by the 

participants in a private office space. The researcher was seated at another workstation 

(behind the participant) in the same room and available to offer assistance if necessary, but 

none of the participants needed any help with the task. Data elicitation in this study did not 

take place as a group session, primarily because the semi-structured post-task interview was a 

one-on-one activity. Although this set-up meant that the data were not all generated and 

collected on one and the same occasion, doing the task individually had the advantage in that 

the participant would not be under peer pressure to take short cuts to finish the task as quickly 

as other participants, like they might do if there had been more than one participant present at 

any one time. Performing the task individually also meant that there was no inter-participant 

consultation or discussion which, in turn, meant that each set of post-edited sentences was the 

participant’s own independent work. To compensate for the need to conduct individual 

sessions, the present researcher took great care to follow the same procedures with, and 
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provide identical materials to, each of the participants, including the use of a prepared script 

for introductory and closing remarks. 

No time limit was overtly set for any of the elements of the study, although some may argue 

that professional translators usually have to work to deadlines. Allowing participants to use 

their best effort at their own pace meant that all the MT sentences in the test data would be 

post-edited. This served our primary research focus of understanding how translators handled 

an unfamiliar task to the best of their abilities, while mitigating factors which could lead to 

only partial completion of the PE task. That being said, it was envisaged that the entire data 

elicitation exercise would take each professional translator between two and three hours, 

depending on the individual’s speed and experience. This arbitrary time frame was based on 

informal rehearsals ran earlier with fellow doctoral students, and deemed prudent (to avoid 

undue psychological and time pressure on the participants) and fair (in consideration of the 

participants’ personal work style and time availability). Unrestricted internet access was 

permitted so that the participants could freely refer to any online resources they felt were 

necessary to complete the ‘job’ (as they would do under normal work circumstances), over 

and above what was included in the standard instructions and resources provided to 

participants at the start of the session. No printed or hard copy resources or reference 

materials (such as dictionaries) were provided in this study, as any offline consultations 

would not be captured in the screen recording. We had also assumed that, for professional 

translators in the present day context, referring to online thesauri was a more common 

practice than looking up printed dictionaries, and web-based resources are adequate 

alternatives to paper-based ones (cf. Carl et al. 2015:145-146).  

The electronic resources prepared by the researcher and made available on-screen to the 

participants throughout their session consisted of  

 a bilingual version of the text used in the PE activity (Appendix E),  

 an introductory overview of patent translation (Appendix F), and  

 a comparable text in the form of an excerpt from an authentic English patent on 

another invention in a similar field (Appendix G).  

These resources were meant to support the participants in completing the given task, should 

anyone opt to refer to them. The bilingual running version of the text used was provided in 

case the participant wanted or needed to see more context than just the one sentence they 
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were working on at any one time. The brief introductory overview of patent translation 

offered some background information about patents and a few quick tips on patent 

translation. The aim of this resource was to ‘even out the field’ somewhat for participants 

who might have had different, little or no exposure to patents or their translation. Similarly, 

the comparable patent text acted as a sample to accord some insight into ‘patentese’ (the 

peculiarities in the language of patents) for participants who were not familiar with the genre 

or domain. 

4.6. Learning from the Pilot Study 

During the pilot study which involved three participants, the methods and tools included in 

the research design were found to work well in general, although operational incidents and 

other observations highlighted the need to reconsider and/or refine parts of the data elicitation 

process and some of the tools used. The key learning points are summarized below, while 

other minor differences between the pilot and main studies are covered elsewhere when the 

relevant areas are discussed.     

4.6.1. Task Instructions 

Participant P1’s screen recording was truncated part way through the PE task when the screen 

logging program crashed. This presented as a frozen split-screen view on the monitor after P1 

pressed the CTRL+V shortcut keys for a copy-and-paste action. Instead of alerting the 

researcher (seated at another workstation in the same room and available throughout the 

session), the participant stopped the recording inadvertently by clicking on the logging icon 

residing in the system tray, despite having been cautioned at the start not to turn off any 

program. Unperturbed, she then continued with the remainder of the PE task without being 

logged. To avoid a potential repeat of incidents of a similar nature in the main study, a 

specific and overt request was included in the main study for participants to inform the 

researcher immediately should they notice anything out of the ordinary on the computer 

screen during their PE session. 

Participant P2 made use of web-based resources more extensively than the other two pilot 

participants to prepare for the PE task. He found, through a Google search, the full Chinese 

patent used in the task. During the post-task interview, P2 divulged that when he realized the 

online material he was reading was actually the one he was working on in the PE task, he 

promptly exited the document and did not refer to it any further. This was all captured in the 
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screen log. P2 also pointed out in the interview that he did not want to continue reading the 

patent he found so as not to jeopardize the research in any way. Most Chinese patents 

accessible on the Internet incorporate live click-through to at least one English version 

(whether a published patent that is related and linked, or a machine-translated online version). 

If any of the main study participants were to access or consult, and be influenced by, such 

online English versions, their post-edited output might be compromised. To avoid the 

possibility of inadvertently introducing such an uncontrollable threat in the main study, an 

unequivocal request was included in the task instructions. The request stressed that in the 

event participants happened upon the patent used in the PE task when browsing the Web for 

reference materials, they were to refrain from perusing any of the English versions associated 

with it. 

When participant P3 rated perceived PE effort for the first segment he post-edited, it was not 

immediately apparent to him that he needed to copy the check mark () and paste it against 

the rating he selected from among the five points on the Likert scale. This was in spite of an 

instruction to the effect clearly noted on the task form. The screen log of participant P3 

showed that he hesitated, unsure how to proceed, and tried clicking several places in the 

document he was working on before realizing that copying and pasting the check mark was 

the action required to indicate the applicable effort rating. In spite of this, P3 still returned the 

shortest time to complete the PE task. Therefore, to assist the main study participants in case 

they experienced the same uncertainty when they rated perceived PE effort for the first time, 

this copy-and-paste action was overtly mentioned as part of the instructions before they 

began the PE task. 

These minor modifications to the participant instructions proved effective. None of the main 

study participants faced the same issues as did the pilot participants during their respective 

sessions.  

4.6.2. Track Changes 

For the present research, the Track Changes function in Microsoft Word was activated in the 

PE task document during both the pilot and the main studies. The primary motivation for this 

was so that editing actions taken by the participants were readily visible so as to provide them 

with visual cues to facilitate the post-task stimulated-recall interviews.  
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A visual change-tracking mode was seen as a desirable functionality by post-editors. For 

example, those who participated in a field test of the prototype of the CASMACAT post-

editing workbench which was developed by an EU-funded project to be a new web-based 

workbench with advanced computer-assisted translation functionalities, specifically requested 

for this function to be included as an enhancement for future versions of the workbench 

(Mesa-Lao and Carl 2012:7). For translators without post-editing experience, however, 

particularly those who do not undertake much on-screen editing and/or do not use Track 

Changes often in their daily routine, having to work with a not-too-familiar environment 

(where all textual changes and mark-ups are displayed in a colour other than black) may 

potentially be disturbing and/or distracting. This may in turn impose an additional, artificial 

and possibly unwelcome cognitive demand on the participant. 

Indeed, the screen log of pilot participant P2 showed that he toggled back and forth between 

the ‘Final’ and ‘Final: Show Markup’ views of Track Changes more than once in three of his 

eleven sentences. When in the ‘Final’ view, he could periodically display the post-edited 

sentences without the mark-ups, but he then toggled back to continue post-editing with the 

mark-ups showing.  

Likewise, participant P3’s screen log showed that he also toggled between the two views 

(‘Final’ and ‘Final: Show Markup’) with six of his sentences, but did so after he completed 

post-editing those sentences only to briefly display the mark-ups in the text he was working 

on. In other words, P3 post-edited largely in the ‘Final’ view without the visible mark-ups. 

Consequently, it was very difficult to see the editing changes P3 made to the sentences when 

parts of his screen log were played back during his post-task interview. The text in the 

‘movie’ was displayed only in black. P3 remarked that he had found the mark-ups rather 

distracting so he turned off the marked-up view during editing. He had not realized that the 

function to toggle between ‘Final’ and ‘Final: Show Markup’ views would not be available 

when viewing the playback, which resulted in much of his screen log being rendered 

ineffectual for the purpose of stimulating recall during the interview.  

In contrast, the screen log of participant P1 did not register any toggling activity between the 

two views in Track Changes, or any other action related to that function. Neither did she 

appear to have made any attempt to mask or alter the visible mark-ups throughout the post-

editing session. This suggested that Track Changes and the mark-ups on-screen did not have 

much effect on her or how she proceeded in the PE task, one way or the other. 
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Despite the initial misgivings that Track Changes might adversely affect the professional 

translators performing the PE task in the research, the pilot participants’ reactions indicated 

that the visible mark-ups were not explicitly distracting for everyone. This was weighed 

against the inability or difficulty to readily discern in the screen log the PE actions taken by 

the participants as memory prompts for their post-task interviews. On balance, therefore, the 

decision was taken not to deactivate the Track Changes function for the main study. Instead, 

the researcher would specifically highlight in the task instructions the use of Track Changes 

in the post-editing activity and its role in the post-task interview. At the same time, the 

participants were offered the option to have Track Changes deactivated should it bother them. 

Interestingly, none of the participants in the main study took up this offer.  

4.6.3. Screen Log Excerpts 

It was unfeasible time-wise to review the entire video-based screen log of the post-editing 

task with the participant within the intended 30-minute time slot earmarked for each 

interview (within the 2-3 hours overall participation time frame). Therefore, only parts of the 

screen log could be covered in the post-task interviews.  

For the pilot study, an arbitrary decision was made to identify the five longest pauses that 

occurred during each participant’s PE task, and to interview the participants on their editing 

actions associated with those five instances. The rationale was that since pauses were taken as 

indicative of cognitive processing (see, for example Schilperoord 1996, Englund Dimitrova 

2006, Lacruz and Shreve 2014), then, notionally, the longer the pause the higher the cognitive 

demand on the post-editor and the richer the insights the participant would have to share. 

However, eliciting verbalization from the pilot study participants using the five isolated 

instances of the longest pauses was not satisfactory. In order to better remember why they did 

what they did and to speak about it, all three pilot study participants requested for additional 

context. That is to say, they wanted to view the playback of longer segments of the screen log 

before and after each of the five longest pauses identified.  Moreover, participants ended up 

talking about different sentences (except one common ‘culprit’, as mentioned in the next 

paragraph) in the post-task interviews.   

In view of this, for the post-task interviews in the main study two whole sentences from each 

participant’s screen log were played back to them, instead of just fragmented video segments 

showing the longest pauses. For the main study participants who had time left over and/or 

who were not showing signs of fatigue or agitation after viewing and speaking about the first 
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two sentences, the interview was extended using a third sentence (the ‘reserve’ sentence, so 

to speak). The criteria for selecting the sentences for playback were sentence length and the 

degree of PE difficulty as perceived by the pilot participants. In a rudimentary way, these 

criteria attempted to reflect a range of demand on the participants. The source text and the 

machine-translated output of the sentences chosen for play back in the main study are listed 

below. For the test set of source and target texts, see Appendix E.  

Sentence number 2 – this was the longest sentence in the text used in the PE task, which the 

three pilot study participants had unanimously rated as requiring a significant amount of PE 

effort. 

Source 该发明的另外一个目的是提供一种包括视频摄像机的交易记录系统，该

视频摄像机安装在一个非常有效的位置，可以理想的监控到交易的场

景， 比如超市里的结账通道。 

MT The invention has another purpose is to offer a kind of transaction record 

includes a video camera system, the video camera is arranged at the position 

of the a very effective, can be an ideal monitoring of the scene to the 

transaction, for example, in supermarket checkout channel. (48 words) 

 

Sentence number 6 – this was the shortest sentence in the set of ten, but which all three pilot 

participants had identified in their post-task interviews as being the most challenging to post-

edit, as they all had difficulties in working out the meaning of the Chinese source text. Note, 

however, that the perceived effort ratings did not reflect this unanimity regarding the amount 

of effort to post-edit this sentence: participants P1 and P3 rated it as requiring significant 

effort, while P2 felt that it required moderate PE effort to fix.   

Source 相应的，该发明定位于一个应用于记录发生在销售点的交易记录系统。 

MT Corresponding, the invention is positioned in a applied to recording the 

transaction recording system at the point of sale. (19 words) 

 

Sentence number 4 – this was a sentence of medium length, and was the ‘reserve’ sentence to 

be reviewed if time permitted; the pilot participants had all disagreed on the perceived PE 

effort rating (i.e., all three effort ratings were different).   

Source 该发明另外一个深远的目的是提供一种有封装物的交易记录系统，该封

装物可以改进现有的通路标志以及其他的交易设备或者销售点设备。 

MT A far-reaching the invention the purpose of the package object is to offer a 

kind of transaction record system, the package can be improved and the sign 

of the other transaction device or point-of-sale equipment. (35 words) 
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4.6.4. Test Sets 

The text for the post-editing task in the pilot study (hereafter referred to as the pilot test set) 

was made up of source text of 515 Chinese characters together with the corresponding 

machine translated target text of 336 English words, extracted from a patent document. It 

comprised a four-word heading “Content of the invention” corresponding to the four-

character heading “发明内容” and ten sentences of varying lengths, between 31-90 Chinese 

characters translated as 19-48 English words (see Appendix H). The motivation for selecting 

this text type and the origin of the text used has been discussed in Section 4.4.  

Apart from being much shorter than any of the ten sentences, the four-word heading did not 

offer much contiguous context, as would a sentence. Extremely short segments lacking 

context may be semantically ambiguous to translators (Tatsumi 2009:335), particularly those 

without in-domain experience, although seasoned patent translators will find even extremely 

short section headings informative and meaningful. Given that there was little or no 

grammatical component to speak of, the three pilot participants made minimal or no change
62

 

to the four-word heading during post-editing. The heading, being structurally very different 

from the ten sentences, could introduce unnecessary and unwarranted bias in the data, and 

may “blur the picture” (Bentivogli et al. 2016:394).    

In the main study, therefore, both the four-character Chinese and the four-word English 

headings were omitted (cf. Vieira 2016b:46). As a result of this exclusion, the target text for 

the PE task in the main study (hereafter referred to as the test set) consisted of ten sentences, 

made up of 332 English words derived from MT based on the source text comprising 511 

Chinese characters (see Appendix E). The exclusion of the headings was not envisaged to 

compromise the integrity of the data elicited for the ten sentences or their subsequent data 

analysis. On the part of the participants, there was also a natural break between the sentences, 

as they had to rate the perceived PE effort for each one before moving on to the next.  

The sentence pairs, however, had to be re-labelled. While the heading plus the ten sentence 

pairs in the pilot study (the pilot test set) were originally identified as S1 through S11 (see 

Appendix H), in the main study the ten sentence pairs without the heading (the test set) were 

labelled S1 through S10. For subsequent data analysis, the original label (S1) given to the 
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heading in the pilot test set was disregarded to avoid potential confusion. Instead, the labels 

of the ten sentence pairs in the pilot test set without the heading were all shifted one position 

up, such that their new labels (S1 through S10) matched those of the ten sentence pairs in the 

test set.    

4.6.5. Presentation   

Despite the varying lengths of the sentences in the test set, no attempt was made to truncate 

any of them into shorter segments, or segments of standard word length. Each pair of Chinese 

source and English machine-translated sentences was presented in their entirety to the 

participants, so as to keep the sentence-level meaning intact. Respecting sentence breaks is 

one of the basic rules to be observed in patent translation (Cross 2007:22). Although working 

with continuous prose might be the normal way many translators traditionally translate, our 

study investigates PE, not translation as such. By its very nature, post-editing is not about 

producing text in a linear fashion. Moreover, it is not uncommon in PE studies to present 

random segment pairs, without context, for processing. This is particularly prevalent in 

studies where TM matches are integrated with MT (e.g., Guerberof 2014a:170).  

In fact, Mesa-Lao and Carl (2012:7) have reported that all the research participants who 

tested their CASMACAT workbench prototype “seemed to favour the idea of keeping the 

sentence-by-sentence format” over viewing the whole text or by paragraph in the post-editing 

environment. This indicates that their post-editors were not averse to working with a per-

sentence format, which in turn implies that the notion of a cohesive text (Bowker 2002:117-

118) is not a high-level ‘need’ for their participants. There is, however, also some evidence to 

suggest the contrary. The sole participant in the observational study of Bundgaard et al. 

(2016), when working on a CAT tool that integrates MT technology with TM, does not 

follow the sequential segment-by-segment procedure inherent in the tool. In an apparent 

attempt to maintain overall “syntagmatic cohesion” (ibid.:125), the participant takes a more 

recursive path, sometimes going back and forth through the target text instead. More 

pertinent to our research purpose, though, is that an individual rating for each sentence 

signals the amount of PE effort a participant perceives is required to fix the MT output. This 

measurement necessitates the sentence-by-sentence mode in the present study.      

To assess whether and how much a preference such as that reported by Mesa-Lao and Carl 

(2012) was true of the participants in the present study, a question to that effect was included 

in the post-task questionnaire. Two of the three pilot study participants thought the sentence-
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by-sentence layout made it very convenient for them to post-edit, while one participant 

indicated that he would have preferred to see two separate running texts (the Chinese text and 

its machine translation) in their entirety. Consequently, the paired sentences presentation 

format remained unchanged in the main study, but, as a compromise to cater for those 

participants who might prefer to see the complete texts, the running bilingual test set 

(Appendix E) was made available electronically on the desktop throughout the data elicitation 

session.  

In terms of the layout of the working document in which post-editing was carried out, two 

working units were displayed contiguously on one page in the pilot study. A working unit is 

one pair of source and machine-translated sentences plus the PE effort rating scale, which is 

discussed and illustrated in Section 4.7.2. For the main study, this was changed to one 

working unit per page, with an instruction for participants to navigate to the following page 

(i.e., the next working unit) by pressing the Page Down key. The intention was to automate 

data processing if at all and wherever possible, and Page Down could have been taken as the 

unequivocal point demarcating the end of each participant’s post-editing attention for each 

sentence. This plan did not work out, as all but two of the main study participants failed to 

use the Page Down key to navigate through the working document. As will be seen in Section 

4.8, data preparation and coding were undertaken entirely manually. 

4.7. Data Collection and Elicitation Instruments 

In this section, we take a closer look at the instruments used in the present study to collect 

and elicit data from the participants. The distinction made here between collect and elicit is: 

“Collection suggests the recording of data that already exist whereas elicitation evokes a 

more active generation of data which are then collected or recorded” (Saldanha and O’Brien 

2014:9). By this definition, the instruments relating to the execution of the post-editing task 

and the rating of perceived PE effort fall under the elicitation category as the participants had 

to actually produce the data when they performed the PE task. The others (namely, the 

questionnaires, the screen log and the interview) may be classified as data collection tools 

since the information were already in existence (e.g., the participants’ personal details) or had 

already been produced (e.g., their edit actions during the PE task and the associated 

thoughts/opinions arising therefrom). The tools are discussed below in chronological order, 

as they were used in the study (see Figures 4.1 and 4.2 in Section 4.2.3).    
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4.7.1. Pre-task Questionnaire 

Before the participants commenced the post-editing task, they were asked to complete a pre-

task questionnaire (noted as Questionnaire 1 in Figure 4.2), the purpose of which was to 

obtain a personal profile of each participant. It was administered online through 

SurveyMonkey, and consisted of two parts. The first part was concerned with the 

participants’ personal information such as gender, age, language proficiencies, and 

translation-related qualifications. In the context of this thesis, L1 refers to the participant’s 

dominant or stronger working language, with the other language in the working pair 

designated as L2. The second part was concerned with their professional experience, use of 

translation technology, and attitude towards machine translation. Essentially, the data 

collected were about who the participants were, as translators, and how they worked. 

The information requested for in the pre-task questionnaire
63

 is summarized in Table 4.1, 

where a comparison between the questions asked in the pilot and the main studies is included. 

By and large, identical questions were asked of the two sets of participants, with two 

exceptions. One difference was two questions in the pilot study regarding the participant’s 

name. Although all published details about participants in the present study would be 

anonymized, the questions asking for participants’ given and family names were deleted in 

the main study for fail-safe protection of their identities. Their names, in any case, had no 

bearing on the outcome of the present study.  

The other difference was four questions introduced in the main study, two of which related to 

participants’ membership in NZSTI and two to professional accreditation. This information 

was relevant, as New Zealand-based translators with such credentials are increasingly taken 

as indicative of an added level of assurance as to their professionalism to stakeholders (cf. 

Chan 2010:109). This dimension was more pertinent for the main study than the pilot in view 

of the potentially greater heterogeneity among the main study participants, who were drawn 

from various sources and from backgrounds the researcher was not familiar with. In contrast, 

the pilot study participants had all recently undergone the same tertiary programme of 

translator training and preparation, the rigour of which the researcher had first-hand 

knowledge and experience of. Moreover, the present researcher was, and still is, sitting on the 

NZSTI’s Auckland Branch committee, and therefore already knew that none of the three pilot 

participants were members of the Society when they took part in the research. With regards to 
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translator accreditation, the pilot participants confirmed separately and directly to the 

researcher that they did not hold any form of translator accreditation from any accrediting 

bodies at the material time.  

 

Table 4.1. Summary of questions in the pre-task survey 

4.7.2. Task Form 

The post-editing task was performed on-screen on a document the researcher created as a 

Microsoft Word table, especially for the present study. For brevity, our Word document is 

referred to as “task form” in this thesis. Our approach is similar to that of other researchers 

(e.g., Sánchez-Gijón and Torres-Hostench 2014:9, Koponen and Salmi 2015:121) who also 

have their participants edit MT output in a Word table with one sentence per row. In fact, 

recent research suggests that using Microsoft Word as a PE environment is more common 

than expected (Moorkens and O’Brien 2017:116). Specialized user activity loggers, such as 

Translog (Jakobsen 1999), or dedicated PE environments, such as PET (Aziz et al. 2012), 

were not used in the present study because they would have entailed some level and form of 

training or familiarisation for the participants, which was not catered for in the research 

design. In contrast, a Word document has a look and feel anyone who uses a Windows 

computer for word processing would be reasonably familiar and comfortable with, without 

the need for pre-training. On completion of the PE task, each participant’s final post-edited 

Pilot study Question# Asking for / about Response type Main study Question#

1 Given / first name(s) insert text

2 Family name / surname insert text

3 Gender male/female 1

4 Age group multiple choice 2

5 First language (L1) Chinese/English 3

6 L1 proficiency multiple choice 4

7 L2 proficiency multiple choice 5

8 Formal translation training yes/no 6

9 Highest translation qualification multiple choice 7

Current NZSTI member yes/no 8

Lapsed NZSTI member yes/no 9

Professional accreditation yes/no 10

Accrediting body multiple choice 11

10 Professional translation experience (years) multiple choice 12

11 Work mode full-time/part-time 13

12 English words translated in last 12 months multiple choice 14

13 Offer specialized translation service yes/no 15

14 Field(s) of specialization multiple choice 16

15 Patent translation jobs in last 12 months multiple choice 17

16 Translation technology tools used multiple choice 18

17 Frequency of translation memory usage multiple choice 19

18 Use of free online MT engines yes/no 20

19 Use of proprietary/licensed MT systems yes/no 21

20 Frequency of MT usage multiple choice 22

21 Professional PEMT experience yes/no 23

22 PEMT as % of total translation work multiple choice 24

23 Attitude to MT Likert 25
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sentences in their respective task form constituted a principal set of data for processing and 

coding (see Section 4.8.3) and analysis in Chapter 5.  

The task form
64

 of the pilot and the main studies were identical in almost all respects, with 

only a few minor adjustments: the omission of the short heading, and the presentation of the 

number of working units per page, discussed respectively in Sections 4.6.4 and 4.6.5; the 

deletion of the field for entering the participant’s name to better protect their identity, similar 

to the pre-task questionnaire, discussed in Section 4.7.1; and the reverse-numbering of the 

perceived PE effort scale, which we will return to in Section 4.7.4. Henceforth, the discussion 

about the task form will make reference to the one used in the main study, unless specifically 

mentioned otherwise.   

The first page of the task form contained a set of guidelines and instructions for the PE task 

which the participants were asked to follow. The PE guidelines were adapted from several 

sources. These sources were the basic guidelines published jointly by the Translation 

Automation User Society (TAUS) and the Centre for Next Generation Localisation (CNGL) 

in 2010; the guidelines used in the CASMACAT post-editing workbench study (Mesa-Lao 

2012); and those proposed in Cross (2007), the author of which is a patent translator with 

more than 20 years of in-domain experience working between Japanese (a non-Romance 

Asian language) and English, and has published several articles about patent translation
65

.  

The rest of the pages of the task form contained two-column three-row tables displaying the 

working units, and where post-editing and effort rating were carried out. To illustrate, a 

portion of the table taken from the task form for participant P3’s sentence S2 is reproduced in 

Table 4.2, showing one completed working unit of the text after PE, with the perceived PE 

effort rating selected at ‘4’ for generally clear MT. 

In the left-hand column of the table, the top cell showed the source sentence identification 

number, and in the two bottom cells were specific task-related instructions for the participant. 

In the right-hand column, the top two cells housed the bi-text of the source and raw machine-

translated sentences, with the Chinese text displayed in the topmost cell and the English text 

immediately below. Participants post-edited directly in the cell which contain the machine-

translated English output. The bottom right-hand cell was occupied by the five-point scale 

                                                           
64

 The task forms are available on request. 
65

 Martin Cross has contributed to publications of the American Translators Association, including The Patent 
Translator's Handbook and their flagship magazine The ATA Chronicle.  
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(see Section 4.7.4) for rating perceived PE effort, where the participant indicated (by means 

of a tick  mark) the level of effort they felt was needed to post-edit the sentence. Microsoft 

Word's Track Changes function was activated during the post-editing task, so that mark-ups 

were clearly visible and captured in the screen log, for use in the post-task interview and 

subsequent data preparation. 

 

Table 4.2. Portion of task form showing completed Sentence S2 of participant P3 

4.7.3. Screen-recording 

While the participant was editing the raw MT output in the task form, the general purpose 

screen-recording tool BB Flashback
66

 was running unobtrusively in the background, logging 

the session and gathering the data as they were generated. BB Flashback log files are video-

based, and may be played back to show a blow-by-blow ‘movie’ of the logged process — in 

the present case, the participants’ post-editing sessions. Although each participant had been 

fully briefed that their session would be recorded, they were not bothered by it as no outward 

signs of the ongoing monitoring were visible, apart from a small icon in the system tray on 

the desktop.  

The need to provide visual cues to stimulate participants’ recall of the PE session during the 

post-task interview meant that more specialist logging tools, such as Translog and Inputlog 

which have a more heavy research bias, were less suitable for use with members of the non-

academic laity such as the professional translators participating in the present research. Prior 

                                                           
66

 BB Flashback (currently known as Flashback) is developed and marketed by Blueberry Software, a software 
publishing company based in the United Kingdom. (https://www.flashbackrecorder.com/) 

https://www.flashbackrecorder.com/


 

142 
 

to deciding on BB Flashback, a quick comparison was carried out with other generic screen-

recording software, such as Camtasia Studio and ActivePresenter. As the functionalities of 

the general-purpose programs evaluated were mostly comparable, the fact that UoA had a site 

licence for BB Flashback Pro meant its selection was a foregone conclusion. Post-editing 

studies that have used this software include Garcia and Pena (2011), Temizöz (2013), Peron 

and Morado Vázquez (2014), Teixeira (2014) and Bundgaard (2017).  

As all the Auckland-based participants performed the PE task on-site at UoA’s city campus, 

the site-licenced BB Flashback Pro v4.1.8 was used to track and record their on-screen 

session. For off-site participants in Wellington, the post-editing sessions were logged on the 

researcher’s personal laptop using BB Flashback Express v4.1.11. The Express edition of BB 

Flashback was available for free download and had the same recording and playback 

capabilities as the Pro edition. For all practical purposes, the only difference between the two 

versions was that the Pro edition offered the additional functionality for editing log files (e.g., 

segmenting the log, inserting markers). This difference had no material impact on the 

execution of the PE task by the participants or the subsequent data analysis by the researcher. 

4.7.4. Post-editing Effort Scale  

After the participants post-edited each sentence, they rated the effort they perceived was 

needed to fix the raw MT output, using the five-point scale in the task form. The scale in the 

pilot study was based on the guidelines for scoring PE effort reported in Callison-Burch et al. 

(2012:25) as part of a shared quality estimation task at the 2012 workshop on statistical 

machine translation (SMT). Earlier, in Table 4.2 in Section 4.7.2, we saw that the score of ‘1’ 

was assigned to machine-translated output that was totally incomprehensible, thereby 

necessitating manual (re)translation from scratch; in other words, where the most PE effort 

was required. The score of ‘5’ was assigned to clear and intelligible machine translation 

which needed little or no post-editing; in other words, where little or no effort was required. 

For its original intended purpose of evaluating SMT quality from different systems, the scale 

worked fine — the higher score, the better the quality.  

However, on reflection after processing the data elicited in the pilot study, the present 

researcher felt that the score of ‘1’ for the most effort and ‘5’ for the least in the present 

research context was counter-intuitive. When considering primarily PE effort (i.e., not 

through the lens of comparing the output quality of different MT systems), it felt more logical 

and natural instead to have the largest numeral represent cases where the most changes were 
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needed to fix the MT sentence, to the extent of a complete retranslation. The smallest 

numeral, in contrast, would signify that minimal or no changes were required. The numerals 

of the scale in the task form for the main study were, therefore, inverted accordingly.  

The inverted PE effort scale for the same sentence, albeit identified differently, extracted 

from participant M7’s task form is shown in Table 4.3. Here, little or no post-editing is 

denoted by ‘1’ while retranslation from scratch by ‘5’. When Table 4.3 is compared against 

Table 4.2, it can be seen that the narrative, or description, for the rating actually remains 

unchanged. Only the numeric labels have been reversed. 

 

Table 4.3. Portion of task form showing completed Sentence S1 of participant M7 

4.7.5. Post-task Questionnaire 

Immediately after completing the PE task, participants completed a second survey on 

SurveyMonkey — the post-task questionnaire
67

 (noted as Questionnaire 2 in Figure 4.2) — to 

gauge their reaction to the task and to capture their initial overall impression of the machine-

translated output. The promptness of administering the post-task survey was meant to record 

as much of such thoughts as possible when they were still fresh in the participants’ minds. 

They were polled specifically about their opinion of the paired-sentence layout in the task 

form, and whether they had any preference regarding online surveys versus paper-based 

questionnaires. Open-ended questions asked for comments on the most noteworthy 

                                                           
67

 The post-task questionnaire, as it appeared in SurveyMonkey, is available on request. 
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moment(s) the participants experienced during the just-completed post-editing task, as well as 

on post-editing and machine translation in general. A final question was intended to elicit 

feedback on the overall task to see whether and where any changes were needed to the 

research design, from the participants’ perspective. The questionnaire used in the main study 

had two questions less than the pilot study. As with the pre-task survey, the two questions 

asking for participants’ given and family names were deleted. Apart from that, all other 

questions in the post-task questionnaire were identical for the pilot and main studies. 

4.7.6. Semi-structured Interview 

After completing the second questionnaire, participants took a short break of 10-15 minutes 

before continuing with the interview, the last activity, prompted by visual cues from play-

back of sections of their own screen recording. Again, minimizing the time lapse between 

completing the post-editing task and talking about it was aimed at capturing as accurate a 

‘snapshot’ as possible of the participant’s recollection of what took place when they 

performed the PE task. Conducting the post-task interview very soon after completing the 

other activities also eliminated the need to recall or revisit with the participating professional 

translators on a separate occasion, thereby achieving better efficiency in the deployment of 

resources, both temporal and financial, for the participants as well as the researcher.  

As the ‘movie’ was playing back, the participant was prompted to talk about their actions 

during the PE session. For example, when the movie showed that a change was made to the 

raw MT output, the participant was encouraged to explain what the problem was and why 

they chose to change the MT output in that particular way. Guiding questions the researcher 

asked the participants to help direct the conversation and progress it along are listed in Table 

4.4. The conversation with each participant was recorded with a portable digital voice 

recorder: a Philips LFH0612 for the pilot and a Panasonic RR-XS450 for the main.  

Area Guiding questions 

Editing actions • Can you describe what you did there?  

• What was the problem?  

• Why did you decide on this solution? 

General probing Is there anything else you wish to share about this 

sentence or any of the changes you’ve made to the raw 

machine-translated output? 
 

Table 4.4. Question guide for semi-structured post-task interview 
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Obtaining such information directly from the participants, albeit only for portions of the PE 

session, goes towards validating the interpretations the researcher would have to make when 

subsequently examining and reviewing the post-edited texts and the transcription of the 

screen-recording logs. This compensates, at least in part, for the “potential weakness...of 

inferential reasoning...[and] interpretation by the researcher” (Marshall and Rossman 

2016:166). It is worth noting that not covering all the sentences in the post-task interview was 

not just a function of the 2-3 hour timeframe envisaged for data elicitation. The time available 

for the interview, being the final activity of each session, was also impacted by how much 

time the participant spent on the PE task, and how anxious they were to leave the research 

venue. Generally, the ones who took less time on PE had more time left for the interview, so 

they could review and talk about more sections of their screen log. Those participants who 

took longer on the PE task had less time left, and so could only cover the minimum number 

of sentences in their post-task interview. Table 4.5 is a summary of (parts of) the sentences 

the researcher covered and reviewed with each participant during the interview. 

 

Table 4.5. Sentences reviewed in post-task interview 

4.8. Data Processing and Coding 

Not all the professional translators who participated in the present study yielded usable data 

for analysis. In the main study, participant M6 did not finish the task despite taking more than 

three times longer than the others. Instead, the participant asked to be excused part way 

through the session, citing extreme mental fatigue. The partial data elicited from M6 was not 

processed any further and excluded from subsequent analysis. In addition, when reviewing 

the task forms derived from the remaining participants after all the data elicitation sessions 

were over, it was noticed that participant M5 did not rate perceived PE effort for all the ten 

Sentence Participant Sentence Participant

S1 (Heading) P1

S2 S1

S3 S2 M1, M2, M3, M4, M5, M6, M7, M8

S4 P2 S3

S5 P3 S4 M3, M4, M5, M7, M8

S6 P1, P3 S5

S7 P1, P2, P3 S6 M1, M2, M3, M4, M5, M6, M7, M8

S8 P3 S7

S9 P3 S8

S10 S9

S11 S10

Pilot study interviews Main study interviews
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sentences in the test set. As effort rating was one of the main data sources in the study, the 

incomplete data from participant M5 was likewise disregarded. With this attrition, only six 

sets of usable data remained from the main study. 

To explore whether the amount of usable data available for the main analysis can be 

increased, the present researcher carefully considered the data elicited from the pilot study 

participants, although their inclusion was not initially intended. We have already mentioned 

earlier (see Section 4.6.1) that BB Flashback crashed during the logging session with 

participant P1 even though the PE task had been completed. As such the output from P1 was 

not suitable. With regards to P2 and P3, their ‘credentials’ for inclusion in the main data 

analysis seemed practically immaculate and fit for purpose vis-à-vis the main study cohort. 

Both professed to having English as their L1, were practising professionally at the material 

time translating largely in the ZH-EN direction, graduated recently with the Postgraduate 

Diploma in Translation from UoA, used TM and Inline MT regularly and completed their 

data elicitation sessions without mishap. 

Admittedly, minor adjustments had been made to the manner and some of the tools of data 

elicitation after the pilot study, as discussed in Section 4.6. In spite of the refinements 

introduced in the main study, their impact on the data generated earlier during the pilot study 

was considered to be neither substantial nor material. The paired-sentence working unit 

presentation in the task form allowed any confounding inter-sentence factors to be isolated 

(cf. Popović et al. 2014:192). The extra data at the beginning of the pilot PE sessions 

associated with the structurally different four-word heading mentioned in Section 4.6.4 could 

be isolated and excluded. The final post-edited output and the screen recording made it 

possible to clearly distinguish, sentence by sentence, what editing actions were taken during 

PE and when and where they were taken, from both the product and process perspectives. On 

the per-sentence level, the data elicited for each sentence from each participant (regardless of 

pilot or main) was intact. As the data elicited from the pilot and main study could readily be 

rendered comparable, they were treated together in the main analysis.  

The raw data elicited and collected from the eight contributing participants (six from the main 

study and two from the pilot study) were then manually processed, transcribed, and/or 

otherwise prepared prior to analysis. In the remainder of this section, we report on how the 

information derived from the various instruments was coded into a form suitable for further 

investigation. 
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4.8.1. Questionnaires 

Participants’ raw responses to the two survey questionnaires were downloaded from 

SurveyMonkey. With regards to the pre-task questionnaire, it can be seen from Table 4.1 that 

all the questions were close-ended except the final Likert scale question on participants’ 

attitude towards MT. The responses to the close-ended questions were tabulated before 

further analysis. Numeric codes were not assigned to these responses as the effective sample 

size (of the eight participants) was small, and automated analysis was not warranted.  

With regards to the Likert scale question, it comprised five negative and four positive 

statements about MT (see Table 4.6), and the participants indicated whether and how much 

they agreed with each of the statements. Responses that were positive or favourable to MT 

were coded using the scale: Strongly disagree = 1, Disagree = 2, Neither agree nor disagree = 

3, Agree = 4 and Strongly agree = 5, while responses to the negative or unfavourable 

statements were reverse-coded so that the highest score always meant a most favourable 

disposition to MT.  Cronbach’s alpha was calculated to assess the reliability of the scale used 

for this question. A recent PE study which also used a five-point Likert scale to gauge 

participants’ perception of PE and MT is Sanchez-Torron and Koehn (2016). 

 

Table 4.6. Attitude statements about machine translation 

As regards the post-task questionnaire, the five questions of a material nature (i.e., excluding 

the two asking for participants’ names in the pilot study) consisted of two close-ended and 

three open-ended ones. The responses to the close-ended questions were tabulated to provide 

an idea of how the participants collectively felt about the pair-sentence layout and taking 

online surveys. The comments in response to the open-ended questions were collated to allow 

an overall appreciation of the participants’ opinion of and comments on the PE task.  

Statement Attitude

MT is no match for HT negative

Tried MT but dissatisfied negative

Avoid MT as quality is poor negative

MT threatens livelihood negative

MT destroys industry negative

MT increases productivity positive

Should prepare for using MT positive

MT deserves a try positive

MT is a useful tool positive
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4.8.2. Screen-recording Logs 

The BB Flashback logs are video-based, capturing everything that appears on the computer 

screen in real time. As such, these screen-recording logs provide the researcher with process-

related data for analysis. A still shot of one frame in the ‘movie’ (BBF log) of the PE session 

for sentence S1 by participant M1 is shown in Figure 4.4. Although the details are not legible 

in the small and busy visual shown, its purpose is to provide an overall idea of the look and 

feel of the view the participants saw during playback. The specific details to be discussed are 

highlighted (marked by green ovals), and three of these details have also been enlarged and 

displayed as Figures 4.5, 4.6, and 4.7.  

Occupying the largest expanse of space in the centre of the screenshot in Figure 4.4 is the 

task form with its three-row two-column table displaying a working unit, legible examples of 

which have been depicted in Tables 4.2 and 4.3. Near the centre of the screenshot a yellow 

circle with a red ring may be seen in the editing cell of the working unit, marking the position 

of the cursor (see Figures 4.8 and 4.9 for enlarged details). In many cases, the researcher was 

able to follow the progress of the participants as they worked through each of the sentences, 

as most of them ‘read’ with the moving yellow circle. 

 

Figure 4.4. Still shot of Frame 1612 from BBF log of S1M1 
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Figure 4.5. Timeline (mm:ss), frame bar and highlighted active frame detail 

 

 

Figure 4.6. Time stamp detail 

 

 

Figure 4.7. Active frame number detail 

Other useful information in the still shot include: the timeline and frame bar at the top left 

corner (enlarged as Figure 4.5), the timestamp at the top right corner (enlarged as Figure 4.6) 

displaying the time of the active frame and the total logged duration showing as 

02:41.20/1:07:52.70, as well as the number 1612 identifying the active frame seen at the 

bottom of the viewable area (enlarged as Figure 4.7).  

In Figure 4.5, the active frame is also identifiable by the single red vertical highlight towards 

the far right in the frame bar. In Figure 4.6, the reader’s attention is drawn to the bottom row 

of squares where the string “current technology.” can be seen. These were the outputs from 

the participant’s key presses as post-editing unfolded; in other words, as PE actions were 

carried out on the machine-translated sentence. 

In order to interrogate the information in the video-based BBF log files, the ‘movie’ of the PE 

session from each participating translator was transcribed. The purpose was to trace and 

follow the true sequence of participants’ edit operations. Two rounds of transcription were 

carried out, approximately two months apart. The second round was to verify the accuracy of 

the first, and to correct transcription errors or anomalies (if any). A portion of the transcribed 

file for sentence S1 post-edited by participant M1 is shown in Table 4.7. For brevity, the 

transcribed file is interchangeably labelled as S1M1 or M1S1 henceforth. The same 

convention (e.g., S3M7, M2S9, P2S4) would also be applied to identify the rest of the 
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sentences that made up the complete set of 80 transcriptions of the ten post-edited sentences 

from each of the eight participants in the present study (see Appendix I). 

 

Table 4.7. Excerpt from transcription of BBF log of S1M1 

In Table 4.7, note the headings from left to right in the first row of the figure: Frame#, 

Description (of the edit action), Output/outcome (from the action), Timestamp and Duration 

(of the action). Each entry in the Description column explains briefly what took place at or 

starting from that particular frame (e.g., inserted a word, pressed the DEL key). The 

Output/outcome column details the result of the action taken (e.g., the word “that” was 

inserted, the words “kind of” were deleted). From the timestamps of the relevant pairs of 

frames, the duration for each (set of) action(s) can be obtained, such as PE Duration, effort-

Rating Duration or self-Revision Duration. These duration data are then processed for 

subsequent analysis. A point to note is that duration for consulting resources is not shown in 

Table 4.7 as participant M1 did not carry out any such research or preparation when post-

editing sentence S1.  

Frame# Description Output/outcome Timestamp

PE 

Duration

Rating 

Duration

Revision 

Duration

1 149 stop scroll down reach S1 0:00:14.90 0:04:03.80

1 958 LeftClick select transaction recording system

1 969 RightClick drop down menu

1 984 click Cut

1 1012 click before 'k' (kind of)

1 1043 [Ctrl]+[V] transaction recording system

1 1109 LeftClick select kind of

1 1124 RightClick drop down menu

1 1130 click Cut

1 1142 click after 'a' (a transaction)

1 1192 [Ctrl]+[V] kind of

1 1278 click after 'm' (system)

1 1291 insert that

1 1612 LeftClick select prior art

1 1660 overwrite current technology.

1 1905 LeftClick select a (a kind of)

1 2157 [ArwRght] x2 navigate to before 'k' (kind of)

1 2302 multiple [Shift]+[ArwRght] select kind of

1 2321 [Del] delete kind of

1 2517 LeftClick select check mark 0:04:11.70 0:00:05.20

1 2529 RightClick drop down menu

1 2537 click Copy

1 2569 [Ctrl]+[V] S1 rating 4 (Significant PE) 0:04:16.90

2587 start scroll down leave S1 0:04:18.70

0:03:58.60 0:00:05.20 0:00:11.10

Self-revision (review/refer only, no action)

38008 Cursor start descent [from PE Guidelines]

1 38016 Cursor stationary reach S1 1:03:21.60 0:00:08.10

38097 start scroll down leave S1 1:03:29.70

Self-revision II (review/refer only, no action)

39058 start scroll up [from S2]

1 39079 stop scroll up reach S1 1:05:07.90 0:00:03.00

39109 start scroll down leave S1 1:05:10.90
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Before moving on to the coding of data from the next instrument, some of the conventions 

adopted when transcribing the BBF logs are highlighted. In the transcriptions, participants’ 

random and/or aimless clicking of the mouse and selecting/highlighting/deselecting segments 

of text which do not result in any output are excluded in the transcriptions of the screen-

recording logs. Under the Description heading, square brackets signify the keys pressed, for 

example, at Frame# 2157 (outlined in red in Table 4.7), “[ArwRght] x2” means the Right 

Arrow key was pressed twice starting at that frame. At the same time, the name of the key-

press “ArwRght” also appears in the notification tray at the bottom of the screen (see Figure 

4.8). The description “click after m (system)” (Frame# 1278 in Table 4.7) in the transcription 

means the participant made a left mouse click there, which displays in the frame bar of the 

BBF log as a red dot to the right of the active frame highlighted in red, as well as a red ring in 

the editing cell itself. A blue ring appearing in an editing cell indicates that the right mouse 

button has been clicked, in which case the description for the action will be “Rightclick”, as 

in Frame# 1124. Close-up details of “ArwRght” in the notification tray, the red dot in the 

frame bar, the red ring over the text being edited in the task form, and the blue ring are shown 

in Figure 4.8. 

                      

Figure 4.8. BBF log details (L-R): for “ArwRght”, red dot, red ring, blue ring 

When “LeftClick select” is noted in the Description column (Frame# 1612 in Table 4.7), it 

means that the participant clicked at Frame# 1612 (before ‘p’ of the word ‘prior’) and then 

selected the words “prior art” by dragging the mouse over and highlighting them.  Likewise, 

the entry “start scroll down” in the Description column (Frame# 2587 in Table 4.7) means 

the participant started the scrolling action on the mouse button at that frame. In the BBF log, 

this appears as a small red arrow pointing downwards and is visible until the scrolling action 

stops. Figure 4.9 shows close-ups of the selected words “prior art” (highlighted in blue) after 

the click-and-select action, and the down-scroll red arrow.  

    

Figure 4.9. BBF log details (L-R): for “LeftClick select” and “start scroll down”  
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In the Output/outcome column, any content within square brackets are not actual output or 

outcome but explanatory notes about the edit action taken. For example, “[from S2]” at 

Frame# 39058 means the scrolling up action started from sentence S2. After the first pass, 

participants reviewed/self-revised some of the sentences they had worked on. These actions 

are captured in the BBF log transcriptions under Self-revision section(s), using the same 

conventions described. 

In the present thesis, instances of self-revision refer to the subsequent (re)visits, or review 

passes, to other sentences while the participant was post-editing a different sentence, or back-

tracking through the document as part of an intermediate or final review of the post-edited 

text produced so far. Referring to Table 4.7, self-revision starts from Frame #38008 onwards. 

It may be seen as similar to the checking phase in Bundgaard’s study (2017:200-210). Self-

revision in this study specifically excludes those edit actions which are distinguished as 

textual changes made in-sentence while the participant was still post-editing that particular 

sentence (cf. Asadi and Séguinot 2005:524).  

4.8.3. Post-edited Texts 

In contrast to the BBF logs which yield data elucidating the PE process, the post-edited texts 

produced by the participants provided product-related data for the present study. The final 

post-edited output was extracted from each participant’s completed task form sentence by 

sentence. Analysis of the data from this principal source would facilitate our investigation 

into the textual changes the participants applied to the MT output, and the errors they made in 

the course of carrying out the task. Apart from considering PE errors of commission (i.e., 

those introduced by the participants) and omission (i.e., deficiencies in the MT output the 

participants missed), the post-edited texts were also automatically evaluated using AEMs to 

obtain another indication of PE quality. The procedures for coding and other treatment of the 

raw data are described in the following sub-sections.  

4.8.3.1. Coding for Edit Actions 

Five years ago, de Almeida stated that there was no “internationally adopted and recognised 

model for classifying changes implemented during post-editing” (2013:79). To the best 

knowledge of the present researcher, that status quo remains today, as Aranberri also 

observed more recently that there is still no generalised methodology to annotate PE activity 
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(2017:98). Therefore, a bespoke typology, modified from earlier research to suit the present 

purpose, was devised to classify the edit actions taken by the present group of participants. 

The sentences extracted from the task forms are organised as tri-texts of Chinese source text 

(ST), English MT and final text after PE. As an example, the set of the three related versions 

of the first sentence post-edited by participant M8 (sentence labelled as S1M8) is shown 

below. In addition, the working version with visible editing mark-ups is also shown for 

illustration purposes:  

ST (S1): 因此，该发明的目的是为了提供一种能够克服现有技术缺陷的交易记录

系统。(32 characters) 

MT:  Therefore, the purpose of this invention is to provide a kind of can overcome 

the defects of the prior art transaction recording system. (23 words) 

Marked up: Therefore, the purpose of this invention is to provide a kindtype of transaction 

recording system which can overcome the defects of the prior artcurrent 

technical deficiencies transaction recording system. 

Final (S1M8):  Therefore, the purpose of this invention is to provide a type of transaction 

recording system which can overcome the current technical deficiencies . (23 

words) 

When the content from all the task forms were collated, the raw textual data available for 

further processing consisted of ten pairs of Chinese source (the ST) and English MT 

sentences, together with their respective sets of eight final post-edited versions (the TT). For 

brevity, each ST-MT pair plus their eight TT sentences may be seen as a triptych, in view of 

their different yet related nature. The ten triptychs are available as Appendix J. 

The researcher compared each of the final post-edited sentences in detail with the MT 

sentence it was derived from to identify all the textual differences between the two. As the 

research focus is on the PE behaviour of the participants, and not absolute MT quality, no 

explicit error mark-up on the raw MT output was carried out beforehand. Instead, by 

comparing the post-edited versions against their corresponding MT output and grouping 

together the edit actions taken (cf. Sánchez-Gijón and Torres-Hostench 2014), an implicit 

error mark-up procedure was performed (cf. Lommel, Popović and Burchardt 2014:31) to 

elucidate what the participants did during the task, how they had done it and to what effect.  
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Every visible textual change (also synonymously referred to as edit event, edit action, or 

editing event) the participant had made to the raw MT output was categorised into one of four 

types of change or edits: namely, Delete, Insert, Re-order, Substitute (cf. O’Brien 2007:108, 

Koponen 2012:184). In this thesis, a “Delete” edit was noted when a word or a string of 

contiguous words in the MT sentence was no longer found in the post-edited sentence. An 

“Insert” edit indicated that a word or a string of contiguous words in the post-edited version 

was not originally in the MT version. When a word or a string of contiguous words was 

moved to another part of the post-edited sentence, unchanged in all respect except for its 

positioning, the edit was classified as a “Re-order”. If a word or a string of contiguous words 

were replaced by either another word or string of contiguous words, the change was coded as 

a “Substitute”.  

Although guided by O’Brien (2007) and Koponen (2012), the edit types defined in this thesis 

were not identical to either of those studies. In the former, the four categories used were 

deletions, insertions, cuts and pastes. They were the default categories available at the time 

on the logging software Translog, a program which was not specified in our methods and 

tools. In the latter, the nine categories used were form changed, word changed, POS (part of 

speech) changed, deleted, inserted, group moved, one word moved, distance moved by one 

word and distance moved by ≥ two words. This granularity of differentiation was not needed 

for the purpose of the present study. As such, we have grouped Koponen’s three “changed” 

categories as “Substitute”, and her four “moved” categories as “Re-order”.  

The annotated outcome for edit types for sentence S1M8 is shown in Table 4.8. The first 

change made was from “a kind of” to “a type of”, where the word “kind” from the MT output 

was replaced with “type”. This edit event was coded as a substitution. Further on, “which” 

was added to “can overcome”, and was classified as an insertion. Post-editing this sentence 

further involved a re-order event as the string of words “transaction recording system” was 

moved from the end of the MT sentence to approximately the middle of the post-edited one. 

In addition, depending on whether an editing change had more semantic or syntactic 

implications, it was further coded as either accuracy-related or fluency-related. The concepts 

of accuracy and fluency have been discussed earlier in Section 2.3.1.1. As a quick reminder, 

accuracy-related changes were concerned with correspondence in meaning between source 

and target texts, while fluency-related changes were concerned with the well-formedness of 

the target text according to standard usage rules of the target language.  
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Referring again to the substitution of “kind” for “type” for sentence S1M8 in Table 4.8, the 

edit-type was thus further coded as accuracy-related as the meaning of the words were 

different (for the nuance, see the notes included in the figure). In fact, affirmation for this 

coding category came directly from a participant during the post-task interview. Participant 

P2, who made an identical change as participant M8 to all instances of “a kind of” in his task 

form, confirmed that he viewed those edits as accuracy-related. With regards to the insertion 

of “which”, the relative pronoun was a linking device to smoothen out the post-edited 

sentence even though it was not semantically obligatory in the Chinese source sentence. As 

such, the insertion was additionally coded as fluency-related. The re-order event mentioned 

earlier for relocating the string “translation recording system” was also coded as fluency-

related as its original position in the sentence represented a syntax issue. Turning our 

attention to the last two editing events noted in the figure, they were a fluency-related 

deletion of the function words “of the” followed by an accuracy-related deletion of the 

content words “prior art”, even though the four words formed one contiguous string. 

 

Table 4.8. Full annotation for post-editing changes by edit types for sentence S1M8 

Another point to note is that, unlike studies such as de Almeida (2013) and Aranberri (2017) 

where participants’ PE actions were differentiated as essential versus preferential changes, 

the present study opted not to include such a classification. The latter’s focus is on 

understanding what the participants did in the PE task and how they did it, and therefore we 

first and foremost consider the PE process from the participants’ point of view. From each 

participant’s perspective, every editing change they made to the MT output would, in their 

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

因此，该发明的

目的是为了提供

Therefore, the purpose of 

this invention is to provide

Therefore, the purpose 

of this invention is to 

provide

一种 a kind of a type of substitute word 1 1

交易记录系统 transaction recording 

system

relocate words
1 1

能够克服 can overcome which can overcome insert word 1 1

the the

现有技术 current technical insert words terminology (prior art) 1 1

缺陷的 defects deficiencies[spc]. substitute word 1 1

of the delete words 1 1

prior art delete words 1 1

transaction recording 

system.

PE error introduced = 1 2 1 2 2 4 3

Note: a type of = a category of

a kind of ≈ a doubtful or borderline member of a category

defect = imperfection, blemish

deficiency = insufficiency, lack

S = substitution

R = re-ordering

D = deletion

I = insertion

Edit type Relating to
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opinion, be required to fix the raw MT output in the light of the task instructions to produce a 

final text of publishable quality. The present researcher believes that categorising a change as 

preferential is an assessment imposed externally. While appropriate and useful in some cases, 

the essential/preferential distinction is of little or no relevance for the purpose of the present 

study. 

After annotating and coding all editing changes participant M8 made in sentence S1, there 

were a total of two substitutions, one re-ordering, two deletions and two insertions. Of these 

edits, four were related to accuracy and three to fluency. However, in the process, M8 

inadvertently introduced an extra space at the end of the sentence between the last word 

“deficiencies” and the period (indicated by [spc] in the figure), as well as a terminology error. 

M8’s act of replacing “prior art”, a term commonly used in patents, with “current technical” 

was classified as an accuracy-related insertion, followed by the accuracy-related deletion. It 

was not considered a re-order as the words have been changed. 

4.8.3.2. Coding for Post-editing Errors 

To check that the meaning of the Chinese source text had been captured completely in the 

post-edited English text, strings of characters (i.e., chunks) from each source sentence 

corresponding semantically to words in the post-edited sentence were aligned during 

annotation and coding. Any source text content missing (i.e., not translated) or wrongly 

translated in the target text, would be marked accordingly as PE errors introduced.
68

 

In the case of S1M8 (depicted in Table 4.8), all source content was represented in the target 

text, syntactical repositioning for word order differences and substitutions notwithstanding. 

Another set of annotations for the same MT sentence but post-edited by participant M2 

(S1M2) is shown in Table 4.9. Here, two instances of missing meaning vis-à-vis the source 

text have been highlighted in yellow — the semantic element indicating capability in the 

word “can”, which appeared in both the source and machine-translated texts, as well as that 

implying technology in the term “prior art”. 

In addition, the participant introduced two other PE errors in sentence S1M2. One is a typing 

error for the word “existing” resulting in a misspelling, the other is the non-usage of the term 

                                                           
68

 Mitchell et al. (2013:38) use the term “degradation” when the post-edited output is evaluated as of lower 
quality than the raw MT output. This concept is not adopted in this thesis as our level of granularity is greater. 
We consider individual errors post-editors introduced/made, while Mitchell et al. (2013) compare post-edited 
segments holistically with their machine-translated counterparts in the context of better or worse quality.  
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“prior art”, an error which we also encountered with the output from participant M8. This 

error may be attributable to the two participants’ (M2 and M8) lack of exposure to the field of 

patents, suggesting that they were unfamiliar with prior art being a term commonly used to 

describe the information about an invention or technology that has already been made known 

publicly at the time a patent claim for that invention or technology is prepared. We will 

consider the impact of in-domain translation experience on PE performance in the next 

chapter.  

 

Table 4.9. Annotation for post-editing changes by edit types for sentence S1M2 

Meanwhile, shown below for further illustration are examples of PE errors extracted from 

other sentences together with a brief narrative about the error, beginning with another 

example of a meaning-deletion error and followed by one for a meaning-change error: 

Meaning deletion (extracted from S2M1) 

Raw MT ...monitoring the scene to the transaction, 

After PE ...monitoring the transaction, 

 The post-editor had deleted the semantic element relating to ‘the scene’, which was 

 present in both the Chinese source text and the raw MT. 

  

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

因此，该发明的

目的是为了提供

Therefore, the purpose of 

this invention is to provide

Therefore, the purpose 

of this invention is to 

provide

一种 a kind of a delete words 1 1

交易记录系统 transaction recording 

system

relocate words

1 1

that insert word 1 1

能够 can delete word meaning deleted (can 

能够) 1 1

克服 overcome overcomes substitute word 1 1

the the

terminology (prior art) 1 1

spelling [exsiting]

缺陷 defects defects.

的 of the delete words 1 1

技术 prior art delete words meaning deleted 

(technology 技术) 1 1

transaction recording 

system.

PE error introduced = 4 1 1 4 2 4 4

现有 insert word

Edit type Relating to

exsiting
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Meaning change (extracted from S5M2) 

Raw MT ...integration and storage processing... 

After PE ...integration, storage and processing... 

 The post-editor had incorrectly altered the segment by adding a comma and relocating 

 the conjunction ‘and’, thereby changing it from a list of two items to a list of three.   

In addition to introducing errors during PE, post-editors had missed some obvious 

deficiencies in the raw MT output. As such, these MT errors were undiagnosed and so not 

addressed. Examples of such oversight seen among participants in the present study include: 

Content not translated in MT (extracted from S7M1) 

Chinese ST ...该设备的视场... 

An acceptable translation ...the field of view of the device... 

Raw MT ...the field of view... 

After PE ...the field of view. 

 The post-editor did not reinstate the semantic element which was missing in the raw 

 MT. 

Grammatical error in MT (extracted from S6P2) 

Chinese ST 相应的，该发明定位... 

An acceptable translation Correspondingly, the invention is positioned… 

Raw MT Corresponding, the invention is positioned... 

After PE Corresponding, the said invention is positioned... 

The post-editor did not correct the part-of-speech error in the raw MT, where the 

affected word should have been an adverb in the context. 

In a similar manner, the post-edited output for the complement of all ten sentences from each 

of the eight participants were annotated and coded (see Appendix K). As with the coding for 

types of edit actions discussed in Section 4.8.3.1, errors were also grouped into accuracy and 

fluency-related categories. One more point to note about coding the post-edited output in the 

present study is that in annotating the editing changes made by the participants and the PE 

errors they introduced, frequency has been taken into account but not relative severity. No 

weights were assigned to the MT deficiencies identified (as indicated by the edit actions 
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taken) or the PE errors made. For the purpose of addressing the research questions, such a 

level of differentiation is not required, and every change made is treated as one count. 

Although a case may be argued for using multiple annotators to code the edit actions and the 

PE errors, pragmatic reasons prevented the involvement of external resources. The present 

researcher annotating the post-edited texts on her own was, strictly speaking, not ideal, yet 

considered a justifiable compromise that is reasonable in the present study. The researcher 

meticulously carried out the annotation task using the objective stepped typology 

developed/decided a priori. In all, five rounds of coding/checking took place over a period of 

five months. The extended coding time frame was to alleviate annotator fatigue, yet achieve 

accurate annotations. In the first iteration, textual changes were identified and coded by edit 

type. In the second, each change in each category was further coded as accuracy or fluency-

related. The third round specifically checked for coding errors. The fourth and fifth iterations 

checked for coding consistency across sentences per participant, and coding consistency 

across participants, respectively. Moreover, as Mitchell (2015a:70) points out, difficulties in 

achieving inter-annotator agreement due to inconsistent personal interpretations and variable 

“meta-understanding of language” (Lommel, Popović and Burchardt 2014:36) oftentimes 

represent a cause for concern in such exercises. Therefore, all considered, coding by the 

researcher as the sole annotator proceeded as described. 

4.8.3.3. BLEU and TER for Comparing Post-editing Quality 

Since their introduction, BLEU and TER have become two of the most widely used 

automated evaluation metrics (AEMs) in assessing machine translation quality. While both 

these AEMs may have their critics and limitations (e.g., Callison-Burch et al. 2006), BLEU 

and TER scores are easy to obtain, consistent, without too much time or cost implications, 

and fit for purpose in the present study. BLEU (Papineni et al. 2002) was included on the 

basis that, to date, it remains the “most popular” AEM (Forcada et al. 2017:183) which, to the 

researcher, attests to its merits in spite of criticisms and reservations. TER (Snover et al. 

2006) was included as research has shown that it relates fairly well with human assessments 

of quality (Massardo et al. 2016:30).  

In a manner of speaking, these two AEMs may be seen as ‘complementary’ in nature. BLEU 

measures how many words are common between a hypothesis and the reference, or n-gram 

precision, without taking into account grammatical correctness (Costa et al. 2015:131). TER 

measures the minimum number of edits needed, or edit distance, to transform a hypothesis 
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into the reference without taking into account semantic equivalence (Snover et al. 2006:225-

226). 

As a reminder, the focus of the present study is not the summative assessment of quality for 

either MT or PE. By using BLEU and TER to automatically evaluate the final post-edited 

output, we seek primarily to obtain a qualitative impression of the work produced by each 

participant, as part of a descriptive investigation. The AEM scores provide an indication of 

relative similarity of the individual post-edited versions to a common point of reference — 

the relevant sentences in the patent text originally authored in English, as mentioned earlier in 

Section 4.4.2. We also obtain a measure of confidence by demonstrating that the participants 

did take the research task seriously in producing final texts which were improvements over 

the raw MT. Otherwise, internal validity may be compromised, a potential threat which 

Saldanha and O’Brien (2014:32) draw the attention of researchers to.    

4.8.4. Interviews 

The post-task stimulated-recall interviews were not designed to be a main data source. The 

purpose of this activity was to obtain a limited level of first-hand confirmation or validation 

of the inferences, interpretation or ‘speculation’ the researcher would have to make about the 

participants’ actions, when reviewing and annotating their post-edited output and BBF logs 

after that fact, without the presence of the participants themselves. Since the interviews were 

semi-structured, there was scope for the participants to voice their thoughts and opinions 

freely.  

The audio recordings of the interviews were first transcribed verbatim, and the transcriptions 

were later cleansed of meaningless utterances and fillers as well as repetitions that did not 

add meaning or value. Participants’ comments from the transcribed files that had universal 

impact with respect to the research questions were noted. Where relevant, these have been 

highlighted in the thesis (e.g., P2’s comments about finding on the Internet the full text of the 

patent used in the study, P3’s comments about the Chinese source text possibly being a 

translation).  

4.9. Recapitulating on Methodology 

In Chapter 4, the methodological considerations and the research design for an exploratory 

observation on post-editing to answer the research questions of the present study was 
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discussed. This included a treatment of participant recruitment and text selection for the PE 

task, as well as the methods and tools employed to elicit both process and product-related 

data from the participating professional translators. To answer the operationalised sub-

questions, the units of analysis in the present study included measured effort expended during 

the PE process, PE effort as perceived by the participating translators, their performance in 

the PE task in terms of productivity and output quality, as well as the impact of their attitude 

towards MT and other background factors. Findings from analysing the data and the ensuing 

discussions are presented in the next chapter.  
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Chapter 5. Findings and Discussion 

This chapter presents and discusses the results obtained from analysing the data elicited and 

gathered in the observational study. The first three sections each addresses one of the main 

research questions first provided in Section 1.3, namely, (i) How do professional translators 

in New Zealand who translate from Chinese to English post-edit a technical text machine-

translated into English; (ii) How do subjective self-reported and objective measured data 

generated in the study correlate; and (iii) How do participants’ attitude towards machine 

translation, in-domain translation experience and dominant language impact post-editing 

performance.  

In Section 5.1 we describe the execution of the post-editing task, in terms of how long it took, 

what actions were taken, and how participants performed in terms of PE productivity and 

quality. In Sections 5.2 we examine the participants in terms of their demographic and 

biographic profile and their attitude towards machine translation (MT), and investigate the 

correlations between how they perceived PE effort for the task and how they carried it out. In 

Section 5.3 we explore how participants’ attitude towards MT, their level of experience in 

translating patents, and their first language influenced their performance in the PE task. Then 

in Section 5.4, we attempt to synthesize a broad-brush initial professional profile as a first 

step towards aptitude diagnostics for post-editors on the basis of individual data. 

5.1. Executing the Task 

In this section, we focus on the PE task, in terms of task duration (addressing sub-question 

1.1: How long do participants take to complete the post-editing task?), preparation, edit 

actions taken during the first pass through the task document, and self-revision/review of the 

text they had produced (addressing sub-questions 1.2 and 1.3: How is this time utilised in 

terms of preparing for the task, post-editing the given machine-translated text and self-

revising the post-edited output? How many textual changes do participants make to the 

machine-translated text in terms of word insertion, deletion, substitution, and re-ordering?). 

We compare the quality of their post-edited text taking into account the number of errors they 

made (addressing sub-questions 1.4 and 1.5: How many, and what types of, post-editing 

errors do participants make and/or introduce during the task? How many, and what types of, 

machine translation errors do participants overlook during the task?). At the same time, apart 

from addressing the listed sub-questions, we also evaluate the participants’ output by means 
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of the automatic evaluation metrics BLEU and TER, as well as consider their productivity. 

The AEM scores and the output figures are used later to address other research questions. 

5.1.1. Task Duration Overview 

We begin with an overview of the time it took each of the participants to carry out the 

assigned task, and how this time was utilised. The task duration for each translator was 

derived from the time-stamp data available in their BB Flashback screen recording log, as 

described in Section 4.8.2. All activities, including task-related preparation, research, and 

self-revision/review of work-in-progress and output, were accounted for, not just the time 

participants spent in the first (i.e., main) pass in post-editing the ten machine-translated 

sentences in the test set. The duration, in minutes, for these component activities from the 

eight participants who provided usable data (namely, P2, P3, M1, M2, M3, M4, M7 and M8) 

are shown in Table 5.1. 

 

Table 5.1. Task duration for individual participants by activity 

Preparation/research time shown in the table covers reading task guidelines and instructions, 

consulting task-related resources provided by the researcher, and browsing websites for 

additional information to support the participant to carry out the task. Self-revision/review 

covers the time(s) when the participants review/re-edit their own post-edited output, either as 

one final review pass after completing the first pass through the test set, and/or tracking 

backwards as well as forwards through the text to consult/refer/review/re-edit while working 

on another sentence. The last category “Rate/navigate/others” covers the time(s) which 

participants took to rate perceived PE effort for the sentences, as well as that which cannot be 

clearly and specifically assigned or attributed to any particular named activity component 

which is of interest to the present study; for instance, when the participant was navigating 

between sentences, scrolling through the task form, or inserting the date when they took part 

in the study (this was not part of the test set, but a specific action participants were requested 

to include).   

Participant  P2 P3 M1 M2 M3 M4 M7 M8

Activity total % mean median stddev

Prepare/research 9.6 1.9 4.1 17.6 5.8 8.9 6.8 5.2 59.9 13.5 7.5 6.3 4.78

Post-edit (first pass) 26.7 20.8 57.8 49.9 35.1 28.7 53.4 46.4 318.8 71.5 39.8 40.7 13.80

Self-revise/review 5.3 0.9 3.6 8.6 0.6 11.2 0.9 12.6 43.6 9.8 5.4 4.4 4.81

Rate/navigate/others 2.8 2.5 1.7 3.6 1.9 3.7 3.0 4.1 23.3 5.2 2.9 2.9 0.86

Task duration 44.4 26.0 67.2 79.6 43.4 52.5 64.2 68.3 445.5 100.0 55.7 58.4 17.33

For the group

minutes
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Considering the participants as a group (the highlighted panel of percentages in Table 5.1 

visualised as a pie chart in Figure 5.1), 71.5% of total task time was spent on the first PE pass 

where most of the changes to the MT output were made, another 9.8% was utilised for self-

revision and review, while preparation and research took up 13.5%. With regards to self-

revision, Bundgaard (2017:203) reported that the mean percentage of time spent by her 

participants on this activity was 11.7% for one text and 15.4% for a second text. The balance 

of 5.2% was effort rating and unassigned time. As regards the measure of central tendency, 

the mean duration of the task time for this group was 55.7 minutes (median = 58.4 minutes). 

Based on the group mean values, the split by component activities is: 39.8 minutes for the 

first PE pass, 7.5 minutes for task preparation and research, 5.4 minutes for self-revision and 

review, and 2.9 minutes of effort rating and unassigned time.    

 

Figure 5.1. Task duration for the group by activity 

To compare the eight individuals more readily, the duration by activities is presented 

graphically in Figure 5.2. The participant who clocked the shortest task duration of 26 

minutes was P3, while the one who took the longest was M2 at almost 80 minutes. Participant 

P3 was also the one who took the least time preparing for, or doing online research related to, 

the task. In addition, P3 was one of the individuals who clocked the shortest duration in self-

revision and review. Although M3 and M7 also spent similar amounts of time as P3 in self-

revision, their durations in the preparation and first pass components were longer. Among the 

eight participants, M2 spent the most time preparing for the task, more than nine times that of 

P3 (17.6 minutes versus 1.9). With regards to self-revision/review, M8 took the longest at 

12.6 minutes, with M4 a close second at almost 11.2, both more than twelve-fold that of P3’s 

time of 0.9 minutes. In contrast, the difference between the participants for the durations of 

the first PE pass was less pronounced. The longest time of 57.8 minutes clocked by M1 was 

just over two and a half times that of 20.8 minutes, the shortest first-pass time returned by P3.  
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Figure 5.2. Task duration for individual participants by activity 

 

 

Figure 5.3. Percentage time spent in activity by individual participants 

To better visualise the relative proportions of time the participants spent in the various 

activities regardless of their absolute durations, the same set of data is presented as 
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percentages of each activity component in relation to the total task duration clocked by the 

individuals in Figure 5.3. A ninth column has been added to show the percentage split in the 

mean durations for the group.  

The height of the columns for “Prepare for task” in Figure 5.3 shows that participants P3, M1 

and M8 spent less than 10% of their total task time reading guidelines and resources 

provided, and/or searching the Internet for support to carry out the task. The group mean for 

the “Prepare for task” activity was 13.5%. By the same convention, participants P3, M1, M3 

and M7 spent 80% or more of their task time in the first PE pass, when the group mean was 

71.5%. Moreover, these same four participants spent 5% or less of total task time on self-

revision while the group mean was 9.8%. This indicates that they took most of the editing 

actions during the first pass, and were relatively brief with their self-revision. The data also 

suggests that they, together with M8, posted-edited without frequent digressions to other 

activities such as browsing the Internet and/or consulting the other resources provided, an 

observation we will confirm or otherwise in Section 5.1.2. 

In contrast, participants P2, M2 and M4 spent close to or more than 20% of their total task 

time on preparation and research (group mean 13.5%), 10% or more of their time in self-

revision and review (group mean 9.8%), and around 60% of their time in the first PE pass 

(group mean 71.5%). This indicates that they spent relatively less time on the first PE pass, 

and depended more on subsequent revision passes to clean up and polish their own work. 

They also tended to make greater use of external resources to help them with their task. In the 

case of M2, at least, this trifecta has contributed to the longest task time of 79.6 minutes 

among the group. 

5.1.2. Preparation and Research for the Task 

With this framework of overall task durations in mind, we now consider some of the 

component activities in greater detail, starting with how the participants prepared for the 

assigned task. In a professional setting, this forms an essential part of carrying out a job, as 

embodied in the NZSTI’s Code of Conduct calling for “translators [to] undertake appropriate 

preparations for all assignments.” (2013:5). 

As the study was designed to emulate as closely as practicable the working environment in 

which translators would normally operate, participating translators were allowed to carry out 

task-related online research. At the same time, the participants were provided with task-
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related resources (available on the desktop throughout the task) which they could refer to at 

any time, if required. These resources comprised a running bilingual version of the Chinese 

source text and its machine-translated English text (Appendix E), a brief introduction to 

patent translation (Appendix F) and a short sample text extracted from another authentic 

English patent document about an invention similar to that described in the text the 

participants were asked to post-edit (Appendix G). 

As we saw in Table 5.1, the group of eight participants spent a total of 59.9 minutes preparing 

for the PE task (perusing the task guidelines and instructions, and consulting the resources 

provided by the researcher) and carrying out web-based research to help them complete it. 

This total task-related preparation and research duration is broken down into its component 

activities by percentage in the larger pie chart on the right in Figure 5.4. The data indicates 

that, collectively, participants spent 20% or 12.0 minutes of total preparation and research 

time reading the task guidelines, 9% of that time (5.5 minutes) consulting the resources 

provided, and more than 71% (42.4 minutes) consulting resources on the Internet. This 71% 

or 42.4 minutes is further broken down into the types of web-based resources searched in the 

smaller pie chart on the left in the figure.  

 

Figure 5.4. Breakdown of time spent in preparation and research by the group of participants 

To support them in completing the PE task, the group of participants spent 36% of their 

online time searching for information on various sites, of which 7% were patent-related. They 

also used 18% of their collective Internet time to consult dictionaries, but the web resource 

which took up the largest portion of 46% of the participants’ time was free online MT. The 
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duration in minutes corresponding to these percentages are provided in Table 5.2. It can be 

seen that out of the 42.4 minutes of total internet browsing time, 7.5 minutes were spent 

consulting online dictionaries
69

, 19.7 minutes on online machine translation sites, and 15.2 

minutes on the Internet with 3.0 minutes of that on patent-related searches. Among the web-

based resources consulted, Google Translate and Youdao dictionary were the two language-

related resources most used by the translators participating in the study, while the most 

popular search engine was the Google browser. 

 

Table 5.2. Overall time spent browsing web-based resources by the group of participants 

Compared to similar investigations carried out previously (Zapata 2016, Daems at al. 2016) 

where the most frequently accessed external resources were found to be concordancers, 

online dictionaries and Internet searches, the resources the present group of participants has 

accessed are not entirely discordant. The one conspicuous difference is that the group in the 

present study preferred to use online MT, while the participants in the other studies relied 

more on bilingual concordancers.  

It may be interesting to note that in a large-scale survey on MT competences catering 

primarily to Europe (Gaspari et al. 2015), 36% of the 438 valid respondents report they do 

not use MT in their work. However, among the others, 190 respondents (or 68% of MT users 

in the group) report they use free online MT services. Gaspari et al. acknowledge that the 

high proportion of free online MT users among the respondents was a somewhat surprising 

discovery from that survey (ibid.:346). The present cohort of participants, therefore, appears 

not to be unique in their conspicuous use of online MT. One can speculate nonetheless on the 

motivations behind the observations: Why have our participants used online MT instead of 
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 All participants consulted bilingual online dictionaries except M8 who referred to an English one. 

Web-based resources consulted

    Online dictionaries 7.5 18%

Youdao Dictionary 5.3 13%

Others 2.2 5%

    Online MT 19.7 46%

Google Translate 15.7 37%

Youdao fanyi 2.7 6%

Others 1.3 3%

    Internet searches 15.2 36%

Patent-related sites (Google) 3.0 7%

Non-patent sites (Google) 11.8 28%

Other sites (non-Google) 0.4 1%

    Overall 42.4 100%

Minutes Percentage
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consulting online concordancers? Are the professional translators participating in the present 

study even familiar with bilingual concordancers (cf. Bowker and Barlow 2008, 

Frankenberg-Garcia 2015), and their availability and applicability? Determining the 

underlying reasons for the difference between our group and those of Zapata (2016) and 

Daems et al. (2016) may be worthwhile, as the ability to utilise available resources effectively 

and efficiently should be a key component in post-editor training.     

Turning the discussion from group to individual preparation and research behaviour, the 

individual times clocked by the participants are shown in Figure 5.5. Immediately apparent is 

that participant M1 spent close to no time on the task instructions and guidelines, while the 

others spent between 0.8-2.3 minutes on the same activity. Neither did M1 consult any of the 

task-related resources provided by the researcher, in spite of being told explicitly before 

starting the task that such resources were available on the computer’s Desktop.  

 

Figure 5.5. Time spent by individual participants preparing and researching for the task 

Considering the purpose of providing these resources, as discussed in Section 4.3.5, it would 

appear that this participant was in a hurry to get on with the PE task, or that he was a 

translator who just does not prepare before commencing a job, or that he failed to treat his 

participation in the research study like a real job, or that he already knew what patent 

translation was all about, or that he simply preferred to find information his own way, not 
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from resources provided to him. It would have been worthwhile to probe further with the 

participant reason(s) for this observation. However, M1’s preparation and research behaviour 

only came to light after all the data was analysed, and there was no provision in the research 

design to recall participants for more discussion. Note that the post-task interview was not 

designed to ask targeted questions regarding specific behaviour of individual participants (see 

Section 4.7.6). 

Another observation from Figure 5.5 is that only three participants (P2, M3, M8) accessed the 

task-related resources provided by the researcher on the computer desktop, and they spent 0.9 

to 3.5 minutes on those resources. The breakdown of these durations is shown in Table 5.3. It 

appears that P2 read part of the 400-word introduction to patent translation and the 309-word 

comparable patent sample as part of the initial task preparation. Then, while post-editing 

Sentence 5 (S5), P2 referred to the sample patent text again. With M3 and M8, they both 

accessed and read/consulted the 857-word bilingual test set during the course of the task, 

albeit at different points and for different durations. The fact that the other five participants 

did not access the resources provided may indicate that they did not feel any necessity for the 

support these documents could potentially offer, or were disinclined to use them even though 

they knew such resources were available throughout the task, or simply eager to get started 

with PE to ensure the maximum amount of time is available for the main task. 

 

Table 5.3. Individual time spent consulting task-related resources provided by researcher 

Going back to Figure 5.5, it is also evident that participant M3 did not access the Internet at 

all during the task. This absence of online interaction seems rather unusual given the dramatic 

“impact and penetration” (Enríquez Raído 2011:3), as well as widespread and profound 

effect, of the Internet on translation in the digital age (Cronin 2013:1). One source recently 

claims that professional translators spend on average about 30% of their translation time on 

consulting and interacting with external online resources (Gough 2018:10). Temizöz 

(2013:128) is another example which demonstrates this close relationship between translators 

and the Internet, as all her 20 research participants, consisting of both professional translators 

Participant

Resource provided When How long When How long When How long

Patent translation introduction Before task 0.3

Comparable patent text (EN) Before task 0.4

During S5 0.3

Bilingual test set During S4 3.3 During S2 0.5

During S6 0.2 During S5 0.4

Total time spent (minutes) 1.1 3.5 0.9

P2 M3 M8
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and subject-matter experts, perform online searches when carrying out the PE task, albeit 

with individual variations in frequency and duration. 

More in line with expectations, the other seven participants in the present study did clock 

time consulting online resources when post-editing the given MT text, even though P3 only 

spent 1.1 minutes (the least amount of Internet time) doing so. An examination of the BBF 

logs revealed that, in that time, P3 opened one browser (Google Chrome) and one online 

dictionary page (the Youdao homepage) at the start of the task but did not go back to either 

again thereafter. This could indicate that P3 had intended at the beginning to use online 

resources for the task, but subsequently did not find the need to do so. Table 5.4 shows a 

breakdown of the types of websites each individual visited during the task, as well as the time 

spent on such resources. The mean duration (n=8) was 5.3 minutes and the median duration 

was 4.4 minutes with a standard deviation of 5.0 minutes.  

 

Table 5.4. Time spent by participants consulting online resources 

To more readily visualise the differences among the participants regarding the online 

resources they consulted, the temporal data from Table 5.4 is shown as column charts by 

resource type in Figure 5.6. Apart from the two outliers P3 (who just opened the webpages 

but did not use them) and M3 (who did not access the Internet at all during the task), the other 

six showed a considerable and conspicuous dependence on dictionaries and, in particular, 

online MT when carrying out the PE task.  

Participant M1, who did not read the task instructions, guidelines or the patent-related 

resources provided by the researcher, spent 3.4 of 4.1 minutes or almost 83% of his Internet 

time on dictionaries and online MT. Interestingly, M1 did not search for any patent-related 

information online. This lends support to our earlier speculation that M1 was not interested in 

obtaining more information concerning the text type (i.e., patents). Instead he had treated the 

task as more of a linguistic exercise, since he only accessed dictionaries and online MT to 

help him complete the task. Among the group of participants, only P2 and M2 browsed patent 

Resource P2 P3 M1 M2 M3 M4 M7 M8 Group

Dictionaries 0.7 2.2 3.6 1.0 7.4

Online MT 3.4 1.2 7.9 2.8 3.1 1.3 19.7

Patent-related 1.5 1.6 3.1

Others 1.6 0.4 0.7 6.3 1.4 1.7 12.2

Time spent (mins) 6.5 1.1 4.1 15.8 0.0 7.8 4.8 2.3 42.3

Mean 5.3

Median 4.4

StdDev 5.0
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or patent-related webpages, indicative perhaps of their personal admittance that they were not 

(sufficiently) familiar with the text type, and their motivation to find out more about it. 

 

Figure 5.6. Time spent by participants online consulting resources by type 

5.1.3. Edit Actions during Post-editing 

The next component activity to be considered is the edits or changes the participants made as 

they progressed through the raw machine-translated sentences. Following the process 

described in Section 4.8.3, every textual change each participant made to the raw MT output 

was categorised, annotated and coded (see Appendix K). A summary of the 1,058 edits the 

eight participants made in total is provided in Table 5.5, where the number of edits is listed 

by sentence, with the total number of edits for the ‘document’ (i.e., the complete set of ten 

sentences in the test set) shown in the last column.  

At the document level (the right-most column in Table 5.5), the mean number of edits for the 

group of eight participants was 132.3 (median 132.0, standard deviation 9.2). Five 

participants (P2, P3, M3, M7, M8) returned an individual total which was within ±4% of the 

group mean. Three participants (M1, M2, M4) were outside this ±4% range (see numbers 

highlighted in red). With 144 edits, M1 made the most changes (9% higher than group mean) 

and the 114 edits by M4 was the least at 14% lower. 
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Table 5.5. Summary of edits per sentence by individual participants 

At the level of individual sentences, however, a more pronounced pattern of deviation from 

centrality was observed. While the number of edits made by most of the participants for many 

of the sentences tended to be close to the mean number of edits for each relevant sentence, 

there were some cases which deviated considerably from the mean values, substantially 

greater than the -14% to +9% range seen on the document level. Some of such cases of 

substantial deviations are highlighted in the table (yellow boxes). For easy reference for the 

rest of the discussion in Section 5.1, the ten machine-translated sentences are provided in 

Table 5.6. 

In keeping with his lowest total edits on the document level, M4 returned some of the lowest 

number of changes on the sentence level: sentences S5 with 8 edits (-38% of sentence mean 

of 12.9), S9 with 9 edits (-44% of 16.1), and S10 with 8 edits (-36% of 12.5), but these were 

well below the respective sentence means and also his own document-level percentage drop 

of -14%. Participant M8 had one sentence where the number of edits (S9 with 8 edits) was 

less than half the sentence-level mean of 16.1, when his document total of 128 edits was only 

3% below the document-level mean. Moreover, participant M1, whose document total was 

the highest in the group at 144 edits (+9% of document level mean), returned just one 

sentence (S9 with 23 edits) which had the highest sentence-level total, being more than 42% 

above the mean value for the sentence. 

In contrast, M3 was the individual who showed the greatest sentence-level variability in 

terms of deviating from the norm (i.e., mean values), despite returning a document-level total 

of 134 edits against the document-level mean of 132.3. Four of his sentences had total edits 

that were substantially different from their sentence-level means: S2 and S5 had the highest 

Document

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 total

MT length (words) 23 48 36 35 32 19 32 31 47 29 332

Participant P2 5 25 17 19 12 4 14 5 18 11 130

Participant P3 3 24 16 18 13 6 15 3 19 13 130

Participant M1 4 23 20 19 13 9 13 7 23 13 144

Participant M2 8 21 17 18 12 8 15 8 20 13 140

Participant M3 4 30 22 17 18 8 9 3 11 12 134

Participant M4 5 22 18 18 8 7 15 4 9 8 114

Participant M7 4 24 16 17 13 9 15 3 21 16 138

Participant M8 7 20 14 17 14 8 18 8 8 14 128

Group total #edits 40 189 140 143 103 59 114 41 129 100 1058

Mean #edits (N=8) 5.0 23.6 17.5 17.9 12.9 7.4 14.3 5.1 16.1 12.5 132.3

Median #edits (N=8) 4.5 23.5 17.0 18.0 13.0 8.0 15.0 4.5 18.5 13.0 132.0

Standard deviation 1.7 3.1 2.5 0.8 2.7 1.7 2.5 2.2 5.9 2.3 9.2

Sentence ID
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number of edits among the group (at +27% and +39%), S7 had the lowest (at -37%), and S9 

had the third lowest number of edits (at -31%). 

 

Table 5.6. Machine-translated output (target text) by sentence 

Finally, in terms of the number of edit actions taken by individual post-editors, sentence S9 

appears to be the sentence showing the lowest level of conformity. Four of the eight 

participants made substantially higher or lower number of edits than the mean of 16.1 for that 

sentence, as opposed to just one, or at the most two, participants deviating from the sentence-

level mean for the other sentences. We suggest that this observed non-conformity is 

attributable to the nature of sentence S9, as it was the only sentence in the document that 

incorporated an in-sentence list or series of items.    

Turning our attention to whether the number of edits was influenced by the length of the raw 

MT output, the correlation coefficient between the length of each MT sentence and the mean 

number of edits normalized by MT length was calculated. A correlation coefficient (usually 

S1
Therefore, the purpose of this invention is to provide a kind of can overcome the 

defects of the prior art transaction recording system. 

S2

The invention has another purpose is to offer a kind of transaction record includes a 

video camera system, the video camera is arranged at the position of the a very 

effective, can be an ideal monitoring of the scene to the transaction, for example, in 

supermarket checkout channel. 

S3

The purpose of the invention a more far-reaching a package object is to offer a kind 

of transaction record system, the packaging material covering the video camera so 

that the customer is not easy to detect.

S4

A far-reaching the invention the purpose of the package object is to offer a kind of 

transaction record system, the package can be improved and the sign of the other 

transaction device or point-of-sale equipment.

S5

The invention also has a far-reaching purpose is to offer a kind of can affect a 

plurality of video at the point of sale integration and storage processing of transaction 

record system.

S6
Corresponding, the invention is positioned in a applied to recording the transaction 

recording system at the point of sale. 

S7

The system includes a video capture device having a field of vision, the video 

acquisition equipment acquisition, characterization of generating and transferring of 

the field of view of the video data signal.

S8

Moreover, the video acquisition device is at least partially sealed in a separation of 

the encapsulant, and is to be installed in a desired position relative to the point of 

sale.

S9

The system also includes a plurality of point-of-sale for located at or close to the 

point-of-sale processing system, the point-of-sale processing system: 1, receiving 

video data signal; 2, processing video data signal; 3, stored video data signal; 4, 

transmitting video data signal, or any combination of them.

S10
The video acquisition equipment in the field of view of at least in a part of the 

transaction in the process at least a portion of the monitoring point-of-sale.
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denoted by r for data obtained from a sample of individuals) measures the “strength and 

direction of a linear relationship between two variables” (Rumsey 2011:282), and takes a 

value between –1 and +1. A negative association is when one variable decreases as the other 

increases while a positive association means both variables either increase or decrease 

together. For statistics in general, Rumsey (ibid.:284) proposes a rule of thumb to interpret 

the numerical value of r : 0 => no linear relationship, 0.3 => a weak relationship, 0.5 => a 

moderate relationship, 0.7 => a strong relationship, 1=> a perfect linear relationship. 

For brevity, the researcher has introduced the term “edit density indicator” (EDI) to refer to 

the normalized mean number of edits (see Table 5.7). With a Pearson correlation coefficient 

of 0.343, the data indicates that EDI is weakly correlated with MT length, although this 

correlation is not statistically significant (p = .166, one-tailed). In other words, the weak 

correlation observed here could be due to chance, or was an effect of the low number of 

observations, or both. We will return to a more detailed discussion on correlation coefficients 

and linear relationships in Section 5.2.4.  

With the document level EDI value standing at 0.40 (taken here as the overall indicator of 

centrality), the participants on the whole made a lower number of edits than average for 

sentences S1, S6, S8, S9, whereas S2, S3, S4, S7, S10 needed more edits than average. The 

EDI value of 0.40 for sentence S5 was exactly the same as that for the document. 

 

Table 5.7. Correlation between MT length and mean number of edits (EDI) 

Drilling down beyond edit counts to consider the edit types made by the participants in post-

editing the given document, the split of the group total of 1,058 edits for the task by 

categories of edit action of Delete, Insert, Re-order, and Substitute is summarized in Table 

5.8. The summary shows that, overall, Substitute edit actions (44.8%) formed the largest 

group of changes made to the MT sentences, and Re-order (13.5%) was the category for 

which the participants made the lowest number of changes. The distribution of edit types in 

the present study does not align with that of Aranberri 2017:99, where 64% of edits were 

Replacements (similar to our Substitute category), 18% were Re-orderings, 11% were 

Deletions and 7% were Additions (similar to our Insert category). The only resemblance is 

Sentence ID S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Document

Mean #edits (N=8) 5.0 23.6 17.5 17.9 12.9 7.4 14.3 5.1 16.1 12.5 132.3

MT length (words) 23 48 36 35 32 19 32 31 47 29 332

EDI (Mean #edits/MT length) 0.22 0.49 0.49 0.51 0.40 0.39 0.45 0.17 0.34 0.43 0.40

Note: Pearson correlation coefficient between MT length & EDI  r =0.343, p =.166 (1-tailed)
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that our Substitute category is the most frequent type, as was their replacements. It is perhaps 

worth noting that the Aranberri study was conducted in a different language pair (Spanish-

Basque) using texts from other domains (i.e., not patents), but with experienced professional 

translators who were also untrained, first-time post-editors. It would be interesting to 

investigate the reason(s) for the high level of Substitution edits, or indeed, if this observation 

holds true in other studies of a similar nature with more groups and more language pair-text 

type combinations.  

 

Table 5.8. Distribution of edit types at document level 

The distribution of edit types each participant made individually is visualised as line graphs 

in Figure 5.7. All the lines, one each for the eight participants, exhibited the same general 

shape as the group mean line. This similarity indicates that, by and large, with a few 

exceptions, all eight participants made changes of the four edit types in similar proportions, 

with Substitute edits being the most frequent type of changes made, Re-order edits the least 

frequent, and Delete edits happened more often than Insert edits. Deviations from the mean 

line in the participants’ edit-type pattern included M1 who made the highest number of 

substitutions in the group (73), M3 who made the highest number of deletions (42), M7 who 

made the highest number of insertions (27) and M4 who made the fewest (18). The mean 

number for these three edit types is 59, 33 and 22 respectively. In each of the four cases, the 

observed deviation from central tendency is in excess of 20%.  

One possible interpretation of this relative uniformity, barring the few exceptions mentioned, 

is that the eight participants all adopted similar strategies when post-editing the given text, 

regardless of their biographic, demographic and experiential differences. This is unusual, as 

variation in reviewing styles (Sanchis-Trilles et al. 2014:230), PE strategies (Koponen et al. 

2012:19) and other aspects among participants are common observations in PE studies (e.g., 

Guerberof 2012:99, Mitchell et al. 2013:42, Koponen and Salmi 2015:132). The recurrent 

Delete Insert Re-order Substitute Total

Count 262 179 143 474 1058

% of total 24.8% 16.9% 13.5% 44.8% 100.0%

25%

17%

13%

45%

Delete Insert Re-order Substitute
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variations in previous studies have even prompted the remark that “translators do not behave 

in a predictable way” in translation technology research (Cadwell et al. 2016:226). 

Alternatively, the participants could have used different PE strategies, yet produced an effect 

reflected in the observed similarity in the distribution of edit types. This may be an interesting 

area for future research. 

 

Figure 5.7. Distribution of edit types by individual participants 

In addition, as there were more deletions than insertions in all cases, the edits data indicate 

that all participants would have shortened the MT text during the PE task. A comparison 

between the lengths of the MT document against the average length of the eight post-edited 

versions (see Table 5.9) confirms that this is indeed the case. The machine-translated 

‘document’ has been shortened from 332 words to a mean length of approximately 305 words 

(by about 8%) after PE (panel highlighted in grey), while the word reduction range for the 

individuals is from 3% (participant P2) to 16% (participant M3). This may be attributable, at 

least in part, to our specific language combination, as an earlier study involving the English-

to-German combination has found that PE actually lengthens MT output by 7.5% on average 

(Carl et al. 2015:165).  
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Table 5.9. Length of machine-translated and post-edited versions 

To round off the discussion on textual changes made to the MT sentences during post-editing, 

the focus now turns to whether the edits were related to semantic correspondence between 

source and target texts (i.e., accuracy) or grammar and language usage (i.e., fluency). The 

differentiation and coding into accuracy and fluency-related edits was described in Section 

4.8.3.1. The bar chart in Figure 5.8 compares the relative distribution of these two profiles for 

the edits the participants made to the MT sentences. Six individuals (P2, P3, M2, M3, M4, 

M7) in the group made more fluency-related changes than accuracy-related ones. By 

comparison, participant M8 made identical numbers of accuracy and fluency-related changes 

while M1 had 1.4% more of accuracy-related edits than fluency (73 versus 71 innstances). 

The data suggests that, as a group, the participants made more fluency-related edits than 

accuracy-related ones.    

 

Figure 5.8. Edit profile comparison for individual participants 

To further explore whether the distribution of accuracy and fluency-related edit actions are 

affected by directionality, statistical modelling was attempted as we had a sizeable sample of 

1,058 edit counts (see Table 5.5) in total from the eight participants. The working assumption 

Participant/Source P2 P3 M1 M2 M3 M4 M7 M8 Mean (n=8) MT

Final PE output length (words) 321 315 290 305 279 305 319 308 305.25 332

PE length as % of MT length 97% 95% 87% 92% 84% 92% 96% 93% 92% 100%

% Change in length -3% -5% -13% -8% -16% -8% -4% -7% -8%
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is that participants with Chinese as their dominant language are better equipped to spot errors 

related to semantics when they compare the Chinese source text with the computer-translated 

English text, so they would tend to perform more accuracy-related edits. By the same token, 

those with English as their dominant language are better equipped to spot errors related to 

grammar and syntax when they read the computer-generated English text, so they would tend 

to perform more fluency-related edits.  

Using participants’ L1 as explanatory variables and accuracy and fluency-related edit counts 

as response variables, Poisson regression
70

 analyses were carried out in version 3.5.0 of the R 

environment. Test results showed that, with p-values of 0.28 and 0.45, the participant’s 

dominant language had no real effect on the number of accuracy or fluency-related changes 

they made (for the detailed R output, see Appendix L). This inconclusive outcome does not 

necessarily mean that no relationships exist between the variables. It may be that the sample 

size of 1,058 observations is after all still insufficient for the statistical model to discern 

signals from the noisy data. Increasing the sample size by enlarging the test set, or increasing 

the number of participants, or both, may likely produce different results. 

5.1.4. Self-revision during Post-editing 

As discussed in Section 3.3.2, self-revision is an essential part of the post-editing process to 

safeguard output quality, although it is acknowledged there is “no one recognized approach; 

different people do the job quite differently” (Mossop 2014:182). Mossop was not making 

specific reference to PE, but in the absence of any evidence to the contrary, it is assumed in 

this section that such comments regarding quality checks for translation apply to PE as well. 

With this in mind, the distribution of the review passes made when the participants post-

edited the given machine-translated text is considered below. In this section we consider the 

instances of self-revision, as the duration aspect has been covered in Section 5.1.1. We seek 

to understand how the participants self-revised their own edits during post-editing.  

5.1.4.1. Review Passes 

The total number of review passes the eight participants made in the PE task is shown by 

sentence in Figure 5.9, and by participant in Figure 5.10. It can be seen from Figure 5.9 that 

the sentence which the participants revisited the most number of times in total was S3 with 31 

                                                           
70

 Poisson regression is a generalized linear model in applied statistics for analysing count data. For a detailed 
explanation on Poisson regression analysis in R, see Yee (2015).   
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review passes, while the one with the lowest total number was S10 with 5 passes (see Table 

5.6 for these sentences). The grand total number of review passes made by all eight 

participants across the ten sentences was 155, making the average number of review passes 

19.4 per participant for the whole text. Also, the earlier sentences (S1 to S4) tended to be 

revisited more times than the later ones (S5 and after), with the exception of S7. On closer 

examination, participant P2 was found to have contributed 6 of the 17 review passes (or 

35.3%) for sentence S7, resulting in it apparently bucking the trend. 

 

Figure 5.9. Distribution of total self-revision review passes by sentence 

Although Mossop asserts that “[s]kipping self-revision is simply unprofessional” (2014:182), 

it is evident from Figure 5.10 that only four participants (P2, M1, M4, M8) revisited all ten 

sentences after post-editing the raw MT output. The four participants made 38, 17, 28 and 36 

review passes respectively. Of the others, participants P3 and M7 revisited seven sentences 

each, making 14 and 7 passes respectively, while M2 revisited six sentences and made 13 

review passes. Among the group of participants, M3 revisited the lowest number of 

sentences, only two of the ten sentences and making just one pass each. 
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Figure 5.10. Distribution of total self-revision review passes by participant 

In an attempt to understand what factors might have contributed to these observed patterns of 

self-revision, the correlation with sentence length was examined (see Table 5.10). With the 

low correlation coefficient values, it appears that the average number of revisits to each 

sentence is not influenced by sentence length, whether it be the raw MT (r = 0.177, p = .312) 

or the mean length of the final post-edited sentences from the eight participants (r = 0.050, p 

= .445). This outcome is somewhat different from the earlier observation of a weak degree of 

association between raw MT length and the EDI (see Table 5.7). Having said that, none of 

the r values is statistically significant. The tests need to be repeated with larger samples to 

obtain a clearer view. That notwithstanding, one immediate and intuitive association with 

amount of editing is raw MT quality, as already discussed in Section 3.5. Since the present 

research focus is not MT quality, then perhaps the more pertinent consideration other than the 

self-revision act itself is the question of whether carrying out self-revision guarantees or 

equates to high(er) final quality. This question is addressed separately in Section 5.1.5, which 

covers quality of the post-edited product in greater detail. 
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Table 5.10. Correlation between sentence length and number of review passes 

5.1.4.2. Review Passes with Textual Changes 

Apart from considering the number of times the participants revisited the sentences, of equal 

interest is whether textual changes were made during the review passes. The comparative 

distributions of total revisits and those with textual changes (by sentence) are shown in Figure 

5.11. The number of passes where the participants actually made textual changes to the post-

edited sentences was 39, down almost 75% from the overall number of 155 review passes 

mentioned in Section 5.1.4.1. Despite this substantial drop, the number of revisits with textual 

changes is strongly, and significantly, correlated with the overall number of revisits (r = 

0.941, p < .001). Sentence S3 with ten revisits where textual changes occurred was the ‘most 

changed’ during self-revision, in addition to being the ‘most revisited’ at 31 instances. The 

sentence without any textual changes made to it was S9, despite being revisited eight times 

by five of the participants. Sentence S10, which was the least revisited with only five review 

passes, had textual changes in only one of such passes. Although it may be worthwhile to 

probe the possible reasons for these observations, analysing features of problematic sentences 

is not a research focus of the present study. 

Once again, as observed earlier when we looked at overall number of revisits (i.e., review 

passes) on their own, the earlier sentences (S4 and before) exhibited a tendency towards 

having a higher concentration of review passes containing textual changes. Yet again, the one 

sentence that does not follow the trend this time is S7, where out of the six participants 

revisiting it a total of 17 times, four made changes in 5 of the revisits. Apart from S7, fewer 

participants found the need to make changes to the later sentences (S5 and after) when they 

were revisited.  

Sentence ID S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Mean # review passes   

(n=8)
2.75 2.75 3.88 2.63 1.38 1.25 2.13 1.00 1.00 0.63

Raw MT length (words) 23 48 36 35 32 19 32 31 47 29

Pearson's r 

Mean PE length       

(words, n=8)
22.6 43.1 30.9 31.0 29.9 19.1 26.6 28.4 49.5 24.5

Pearson's r 

0.177   (p  = .312)

0.050   (p  = .445)
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Figure 5.11. Distribution of self-revision review passes with textual changes by sentence 

In future work, it would be interesting to probe why this is the case; for instance, whether the 

later sentences were easier to post-edit, or participants have just grown more familiar or 

bored with the text being post-edited, or tiredness was creeping in so participants lose 

concentration and made fewer review passes as well as less textual changes. In the context of 

cognitive PE effort, Vieira has mentioned an acclimatisation effect where more effort is spent 

when participants are still familiarising with a task or a text, that is to say, early on in the task 

(2016:46). In the context of monolingual MT evaluation, Fomicheva and Specia have 

observed that their annotators tended to indiscriminately assign similar scores to any 

translation at the final stages of the task of assessing 100 machine-translated sentences, which 

they suggest is due to a “fatigue effect” detrimental to evaluation quality (2016:81). 

Moreover, qualitative findings from a study which compares the relative suitability of using 

experienced translators and translation students as participants in PE research suggest that the 

propensity for participants to make mistakes increases as they get tired (Moorkens and 

O’Brien 2015:79). The present study, however, has not been designed for such lines of 

inquiry.  
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To obtain another perspective on these observations, the review passes data is visualised by 

participant in Figure 5.12. It can be seen that participant M8 edited most heavily during self-

revision, making textual changes to eight out of the ten sentences in 11 out of 36 review 

passes. In second place is P2, who, having clocked the highest number of 38 revisits, made 

changes to only five of the ten sentences in nine passes. Closely behind is M4, making textual 

changes to seven of the sentences in eight of his 28 passes. In contrast, M3 made no textual 

changes at all, in addition to clocking the lowest number of just two review passes during the 

course of the task. The other four participants (P3, M1, M2, M7) made changes in two to 

three of their revisits during self-revision. It should be noted that the column chart in Figures 

5.11 and 5.12 compare the number of review passes with and without textual changes, and do 

not portray the number of textual changes made in any of these revisits during the course of 

the PE task.    

 

Figure 5.12. Distribution of self-revision review passes with textual changes by participant 

5.1.5. Post-editing Quality and Productivity 

For a professional translator, whether translating from scratch or post-editing machine 

translations, output quality and productivity are two important aspects that are likely to have 
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significant impact on their commercial success in real world scenarios. In this section, we 

discuss aspects of quality of the post-edited output as well as productivity of the participants. 

BLEU and TER scores for the post-edited sentences, both as a composite text or document 

and also for individual sentences, were computed. As another perspective on quality, the 

frequency of errors in each post-edited sentence was also taken into account, for those 

introduced by the participants as well as those they missed in the MT output. In terms of 

productivity, the participant’s throughput calculated as the number of words in the final post-

edited sentence divided by the time spent on ‘fixing’ that sentence (including all the related 

activities like consulting resources and self-revising, not just the editing element) was 

considered.     

5.1.5.1. BLEU and TER Scores   

Using the relevant sentences from the original English patent number CA2566720A1 (see 

Section 4.4.2) as the reference in our automatic evaluation exercise, BLEU and TER scores 

were obtained for the eight post-edited documents, as well as for the raw MT output which 

would serve as the baseline to facilitate comparison. Figure 5.13 illustrates the relationships 

between the texts involved in the automatic evaluation exercise which compares the post-

edited texts and the machine translation to the reference.  

 

Figure 5.13. Relationships between texts used in BLEU & TER evaluation 

As a reminder, BLEU looks for common words, so a higher score reflects better quality, as in 

more commonality. TER assesses edit distance; therefore, the opposite applies, as in a lower 

number of changes required. The scores on the document level (i.e. for the complete set of 

Acted as reference in BLEU & TER evaluation

translate

Acted as source text in the present study

machine-translate

Target text in the present study

post-edit

Final post-edited text in the present study
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Output after human 
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ten sentences) for the eight participants and the raw MT output (in the last row) are listed in 

Table 5.11. 

 

Table 5.11. BLEU and TER scores of individual participants at document level 

Not unexpectedly, both sets of scores indicate that the post-edited versions were 

improvements over the raw MT output, with the only exception of M3 whose BLEU score is 

lower than the baseline score for MT. Since BLEU measures commonality between 

hypothesis and reference, this probably indicates that the post-edited output from M3 is more 

dissimilar than the MT version to the reference text.  

More interestingly, the two sets of AEM scores had a Pearson’s r of -0.817 (p = .004), 

indicating that there is a strong and statistically significant inverse linear correlation between 

the BLEU and TER scores among our participants, despite the small sample size. The strong 

inverse correlation may be interpreted as a manifestation of the complementary nature of the 

two metrics. From a practical standpoint, one implication of this strong linear relationship is 

that, for our data, if we wanted to compare the post-edited versions from the ‘which is 

relatively better’ angle, we may base our comparison on the scores of just one or the other 

metric on its own, as a means to reduce redundancy.  

Therefore, for better clarity, the comparative treatment of the quality of the PE output (as 

indicated by automatic evaluation) is, from here on, based only on the TER scores obtained. 

The BLEU scores were not selected as BLEU is more successful as an evaluation metric 

when multiple references are available/considered (Papineni et al. 2002:313). In the present 

case, only one reference was available. BLEU scores are also known to correlate better with 

human judgement on the document level than on the sentence level (Specia et al. 2010:39, 

Participant BLEU TER

P2 0.218 0.638

P3 0.318 0.505

M1 0.228 0.598

M2 0.300 0.591

M3 0.182 0.653

M4 0.188 0.601

M7 0.284 0.573

M8 0.245 0.607

MT 0.187 0.700

Pearson's r  = -0.817, p  = .004 (1-tailed)



 

187 
 

Toral et al. 2011:14). As quality on the sentence level will be considered shortly, TER is seen 

as a more suitable metric for our purpose. 

The TER scores for the eight final post-edited documents and the raw MT output are ranked 

in Figure 5.14. The numerical values listed in the chart notwithstanding, this comparison in 

no way attempts to imply absolute PE quality. Rather, it is meant to be a ranking to 

demonstrate relative positions, as assessed by the TER metric. In other words, we are looking 

for indications as to which version is better or otherwise than the others, but not by how 

much.  

As mentioned, based on TER scores, all eight post-edited versions were improved (with 

numerically lower scores) when compared to the raw MT output, which returned a baseline 

score of 0.700. It is also evident that with the score of 0.505, participant P3 produced the best 

post-edited text if judged by the smallest edit rate, that is to say the least number of word 

changes to render it into an exact match of the reference, whereas M3’s version had the most 

changes with the greatest edit rate of 0.653. Participant M7 had the second best TER score of 

0.573, while M1, M2, M4 and M8 were clustered on either side of the 0.600 mark. At 0.638, 

P2 had the second worst score in the group. 

 

Figure 5.14. Ranked TER score of post-edited versions against MT output at document level 

On the sentence level, however, the picture is not so clear-cut, as some scores for the PE 

versions are better than the MT one, but others are not. The sentence-level TER scores by 
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participant are provided in Table 5.12, where scores highlighted in red indicate improvement 

over the MT baseline. Participants’ TER scores at the document-level (i.e., for the whole text) 

are reproduced in the last column for reference purposes.  

 

Table 5.12. TER score of post-edited versions against MT output at sentence level 

 

 

Figure 5.15. TER score of post-edited versions against MT output at sentence level 

For easier visualisation, the same set of sentence-level TER scores is visualised as line-graphs 

in Figure 5.15. It can be seen that not every sentence post-edited by every participant is better 

than the raw MT sentence according to TER. With sentences S2, S3, S4, S5 and S8, all 

Sentence S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Document

Participant P2 0.538 0.795 0.964 0.694 0.786 0.609 0.500 0.760 0.431 0.462 0.638

Participant P3 0.423 0.718 0.643 0.528 0.571 0.435 0.265 0.680 0.483 0.269 0.505

Participant M1 0.500 0.641 0.607 0.611 0.786 0.696 0.441 0.680 0.586 0.462 0.598

Participant M2 0.462 0.846 0.643 0.694 0.750 0.696 0.265 0.720 0.517 0.346 0.591

Participant M3 0.654 0.718 0.643 0.583 0.643 0.652 0.500 0.720 0.655 0.808 0.653

Participant M4 0.615 0.795 0.714 0.611 0.714 0.609 0.529 0.760 0.414 0.385 0.601

Participant M7 0.423 0.692 0.679 0.611 0.786 0.609 0.353 0.680 0.569 0.308 0.573

Participant M8 0.577 0.795 0.821 0.694 0.786 0.739 0.441 0.680 0.414 0.269 0.607

Note: All improvements over baseline are highlighted in red

MT baseline 

TER score
0.500 1.051 0.964 0.750 0.929 0.609 0.382 0.800 0.517 0.577 0.700
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participants have provided an improved version over the raw MT after they post-edited it. Of 

note is that sentence S8 is the most consistent here: all eight participants not only improved 

the MT version, the spread of their TER scores is the smallest with the observation points 

clustered most tightly together. 

The sentences where the MT version had a lower (i.e., better) TER score than some of the 

post-edited versions are S1, S6, S7, and S9. In fact, for S6, only one participant (P3) managed 

to produce a post-edited version better than the raw MT. The rest of the post-edited versions 

either have the same or a worse TER score than the MT version. For sentence S10, 

participant M3’s post-edited sentence was the only one having a TER score higher (i.e., 

worse) than the MT version. 

5.1.5.2. Post-editing Errors 

During post-editing, post-editors (the participants in the present case) were expected to 

identify and rectify errors and/or deficiencies they encountered in the raw MT output. 

Occasionally, some of the changes post-editors made might themselves be incorrect, and the 

post-editor thereby introduced errors which were not originally present in the MT output. 

Likewise, the participants could have failed to recognise some deficiency in the MT output, 

and therefore did not rectify them.  

Following the coding process described in Section 4.8.3.2, each post-edited version produced 

by the eight participants was compared in detail against the Chinese source text together with 

its MT output to identify PE errors introduced during post-editing, as well as the MT errors 

participants missed. Identifying such errors and their distribution is not meant to be a 

summative evaluation of PE quality, but as the means to facilitate a descriptive comparison of 

PE performance among the group of participants. The types and frequency of PE errors are 

summarized in Table 5.13. 

As a group, the participants missed detecting 23 errors present in the raw MT output, 16 of 

which were related to meaning or semantics (the “Mse” column in Table 5.13) and the rest 

related to grammar and syntax (“Msy” column). In addition, the participants introduced 107 

errors, with meaning deletion (where the affected string is completely removed from the text) 

being the most frequent type at 40.2% or 43 instances (highlighted in red). The next most 

frequent error type is meaning change (where the affected string is still in place, but a word or 

words with different meaning are substituted) at 18.6% or 20 instances (“Mch” column).    
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Table 5.13. Distribution of post-editing errors by type, and total research time 

Individually, the participants making the lowest number of post-editing errors were P3 and 

M4, at five each (highlighted in red). The participant with the highest error count of 29 

(highlighted in red) was M3, introducing 21 errors of meaning change and deletion, among 

others, and missing two MT errors related to meaning. It is interesting to note that, from the 

earlier discussion on AEM scores in Section 5.1.5.1, participant M3 also returned the worst 

BLEU and TER results. In fact, his BLEU score was the only one worse than the MT 

baseline. Therefore, it appears that overall, based on the criteria we have used (automatic 

evaluations, as well as manual examination and reckoning of the actual errors) the post-edited 

output from M3 was the least acceptable version in the group. On the opposite end, P3 not 

only made the lowest number of PE errors, but both his BLEU and TER scores were also the 

best in the group. It would appear that, for the extremities at least, automatic and manual 

scores are in line for the present group of participants.   

With regards to whether the incidence of errors during PE is related to the amount of time 

spent on task-related research, Daems et al. have found that spending a longer time on 

external resources leads to a deterioration in error scores (2016:125). In other words, the 

Research &

 All error preparation

Participant Mse Msy Grm Mad Mch Mdl Oth Ptn Spl Trm types time (mins)

P2 3 1 1 1 4 10 6.51

P3 2 2 1 5 1.05

M1 4 1 4 4 9 1 1 1 25 4.06

M2 2 4 2 2 4 3 5 1 23 15.83

M3 2 4 17 1 1 3 1 29 0.00

M4 1 2 1 1 5 7.81

M7 1 1 3 4 6 5 1 21 4.84

M8 1 2 3 1 3 1 1 12 2.26

Total 16 7 11 10 20 43 5 4 9 5 130 42.36

Key for:

MT errors missed

Mse missed MT errors of semantics

Msy missed MT errors of syntax

Errors introduced

Grm grammatical errors

Mad post-editor added semantic element (meaning added)

Mch post-editor changed/modified semantic element (meaning changed)

Mdl post-editor deleted semantic element (meaning deleted)

Oth other unspecified errors

Ptn punctuation errors

Spl spelling errors

Trm post-editor was unaware of/unfamiliar with patent terminology

MT errors missed PE errors introduced
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more time they spend consulting resources, the more errors they made. Daems et al. 

attributed such an observation to the possibility that their trainee translators have yet to 

develop sound and successful information search strategies for PE tasks. To shed light on the 

situation with the professional translators in the present study, the correlation coefficient 

between their total error counts on the document level and their total research and preparation 

times (shown in the last two columns of Table 5.13) was calculated. Contrary to the findings 

of Daems et al., no linear association was found between the number of errors each 

participant made and the time they spent consulting external resources during the PE task (r = 

0.047, p = .912 two-tailed). We could speculate, in turn, that our observation here indicates 

that our experienced translators have developed effective information search strategies, 

unlike the student cohort of Daems et al., or some other factors may have been at play at the 

time. 

To complete the discussion on PE errors, we turn our attention to the distribution of errors by 

sentence, as shown in Table 5.14. The aim is to explore whether the participants tended to 

make more mistakes with any particular MT sentences. It can be seen (highlighted in red) 

that, as a group, the participants made the highest number of post-editing errors in sentence 

S6 with a total of 21 errors. The sentence where the lowest number of participants made the 

least errors is S8 with only two errors contributed by just one participant, namely M1. When 

the mean number of PE errors is normalized by MT sentence length, the difference between 

the sentences with the highest and lowest number of PE errors is even more pronounced (0.14 

for S6 versus 0.01 for S8).  

 

Table 5.14. Distribution of post-editing errors by sentence 

 Document

Participant S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 level

P2 1 1 1 3 3 1 10

P3 1 2 1 1 5

M1 2 4 1 1 2 5 2 2 3 3 25

M2 4 2 3 4 1 3 3 2 1 23

M3 2 3 3 1 3 3 7 3 4 29

M4 1 1 2 1 5

M7 1 4 3 2 3 2 3 3 21

M8 1 1 1 1 2 3 2 1 12

Total PE errors 11 15 11 12 9 21 20 2 15 14 130

Mean PE errors (n=8) 1.4 1.9 1.4 1.5 1.1 2.6 2.5 0.3 1.9 1.8 16.3

Median 16.5

MT length (words) 23 48 36 35 32 19 32 31 47 29 332

Mean PE error/MT word 0.06 0.04 0.04 0.04 0.04 0.14 0.08 0.01 0.04 0.06 0.05

Sentence ID
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As S6 is the shortest sentence in the test set, the highest number of PE errors participants 

made when post-editing it indicates that sentence length (alone) is not likely to be the main 

determining factor. Casting back to the findings in Sections 5.1.3 and 5.1.4, neither is S6 the 

most-edited with an EDI value of 0.39 (see Table 5.7) nor the most-revisited sentence with 10 

self-review passes where one had a textual change (see Figure 5.11). As will be seen in 

Section 5.2.3, sentence S6 with a group mean effort rating of 4.00 (see Table 5.20) is also not 

rated as requiring the most PE effort to fix. This is in spite of S6 being singled out by all three 

pilot participants in their post-task interviews as the most challenging sentence to post-edit.  

In contrast, for sentence S8 where the lowest number of PE errors was made, by only one 

participant, it is the least-edited with the lowest EDI of 0.17 (see Table 5.7) and among the 

least-revisited sentences (see Figure 5.11) in the test set. Moreover, with a mean effort rating 

of 2.75, the group of participants collectively rated it as needing the least effort to post-edit 

(see Table 5.20). The TER scores for sentence S8 showed that all eight post-edited versions 

are improved over the raw MT output (see Table 5.12). 

These anomalies and inconsistencies observed in the limited dataset among the present small 

group of participants indicate that a multiplicity of factors is at play in PE quality, perhaps as 

complex as MT quality itself. As such, quality of the post-edited product is deserving of 

much more research focus and attention than hitherto paid to it, in comparison with the scale 

of interest in MT output quality. The quality of human post-edited output cannot be assumed, 

and the ‘blame’ for poor translation quality should not be levelled only at the MT system or 

the MT output. The current situation where PE studies “often do not take the quality of the 

target text into consideration” (Nitzke 2016:84) needs to be addressed, and PE research 

would do well with more emphasis and focus put on the post-edited product, in addition to 

the PE process (Vieira 2017a:161). 

5.1.5.3. Productivity 

In addition to AEM scores and PE error count and distribution, we also briefly consider 

participants’ productivity in terms of their output (i.e., the number of words in the final post-

edited sentence) as a function of the time spent to produce that output (i.e., the total duration 

of the first pass, self-revision and in-sentence consultation of resources). It is perhaps 

worthwhile to bear in mind that output in the sense of task completion in a PE context is not 

exactly equivalent to that of traditional translation, as the post-editor is not actually producing 

the whole target text (unless they opt to ignore/discard the MT and re-translate anew), but is 
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instead working from and constrained by the machine-translated hypothesis/hypotheses they 

are provided with.  

The PE duration for the set of 10 sentences in the test set are shown, by participant, in Table 

5.15. Productivity is expressed first as words per minute, and then extrapolated as words per 

hour since the latter is a common unit of quantifying productivity in industry (van der Meer et 

al. 2017:11), though not necessarily the only way to measure productivity (cf. Drugan 2013). 

The duration details for individual sentences used to calculate each participant’s productivity 

is available separately (see Appendix M).   

 

Table 5.15. PE duration and productivity by participant 

Among our participants, the one who returned the highest productivity of 13.86 words per 

minute (equivalent to approximately 830 words per hour) was P3, who took just under 23 

minutes to produce 315 words in the final PE output. The lowest productivity of 4.12 words 

per minute (equivalent to approximately 250 words per hour) was clocked by M2, who took 

over 74 minutes for 306 words. The average productivity level for the group was 6.78 words 

per minute (median 5.88 wpm, σ = 3.17), or 407 words per hour (median 353 wph).  

The participants’ ranked productivity levels are visualised in Figure 5.16. The figure shows 

clearly that while the productivity level of seven of the eight participants are generally 

distributed close to (i.e., within one standard deviation) the group mean of 6.78 words per 

minute or wpm, the productivity of participant P3 with 13.86 wpm appears to be substantially 

higher (in excess of two standard deviations from the mean) than the rest of the group. As the 

mean is more susceptible to the effects of outliers than the median, the median productivity 

level of 5.88 wpm for the group is included for comparison and reference.   

P2 P3 M1 M2 M3 M4 M7 M8 Mean Median

1st PE pass 26:43 20:45 57:45 49:54 35:05 28:43 53:26 46:24

Self-revision 05:16 00:55 03:34 08:33 00:36 11:10 00:54 12:36

Research/preparation 07:36 01:03 04:04 15:50 03:31 07:49 04:50 03:12

PE duration (mins) 0:39:34 0:22:43 1:05:23 1:14:17 0:39:13 0:47:42 0:59:10 1:02:12

Post-edited output (words) 321 315 290 306 278 305 318 302

Productivity (words/min) 8.11 13.86 4.44 4.12 7.09 6.39 5.37 4.86 6.78 5.88

Extrapolated as words/hour 487 832 266 247 425 384 322 291 407 353
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Figure 5.16. Ranked PE productivity at document level 

When considering PE productivity, figures can be fluid as they depend, apart from the post-

editor, on other variables in each project. Some of these variables include language 

combination, text type, quality of the MT output, expected quality of the post-edited product, 

whether translation memories and terminology databases are available. Nevertheless, sources 

quote the rate of 5,000 words per day as the usual benchmark when discussing PE 

productivity (Guerberof 2010:36, Joscelyne and Brace 2010:6). If this figure is averaged over 

an 8-hour working day, it translates to 625 words per hour. Comparing that to the 

productivity clocked by our group of participants, none of whom have any specific or formal 

PE training (see Section 5.2.1), P3 exceeds the cited benchmark by a wide margin. With 

proper training, we speculate that some of the others currently around the 400-word per hour 

level (P2, M3, M4) may well make productive post-editors too, looking to achieve PE speeds 

ranking equal to industry standards in Europe and the rest of the world. 

5.1.5.4. Scorecard 

Only taking either quality or productivity into consideration is obviously incomplete when 

looking at the performance of a post-editor. Therefore, to obtain a more holistic picture of 

how the performance of participants in the PE task compared, a ‘scorecard’ (see Table 5.16) 

was compiled with their TER scores, number of PE errors and projected hourly productivity. 

Ranks from 1 - 8 were assigned to each of these three sets of values, with the most favourable 
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result designated as ‘1’ and the least favourable as ‘8’. The three separate rankings, two for 

quality and one for productivity, were summed in turn, and these totals were themselves 

ranked again to obtain an overall position. It should be noted that the relative positions are 

not intended to quantify how much each participant performed better or worse than the 

others, but they provide a qualitative impression of the participants’ relative performance in 

the PE task. 

 

Table 5.16. Scorecard of participants’ PE quality and productivity level 

From the scorecard, it is evident that participant P3, as the leader in all three parameters 

under consideration, performed the task most satisfactorily. Participant M4 was the next best, 

overall, although his TER score and productivity were both ranked only mid-range. On the 

opposite end of the scale, M3 returned the least satisfactory overall performance, although 

this participant was among the fastest in the group. This underscores the importance of taking 

quality of the post-edited text into consideration when calculating PE productivity (Guerberof 

2010:36) as the fastest may not always be the best, and oftentimes, quality comes with some 

compromise to productivity. 

5.2. Considering the Participants 

While the previous section seeks to describe how the participants carried out the post-editing 

task, this section focuses on the participants themselves; specifically, their personal and 

biographical profiles, their attitude towards machine translation, and their impression of 

machine translation post-editing. We also explore whether and how the empirical data 

themselves correlate (addressing sub-questions 2.1 and 2.2: Does perceived post-editing 

effort correlate with actual post-editing time, number of editing actions taken, output quality 

and sentence length? Do post-editing time, number of editing actions taken, output quality 

and sentence length correlate?). 

Participant Position Rank score TER Rank PE Errors Rank Words/hour Rank

P3 1 3 0.505 1 5 1 832 1

M4 2 10 0.601 5 5 1 384 4

P2 3 12 0.638 7 10 3 487 2

M7 3 12 0.573 2 21 5 322 5

M8 5 16 0.607 6 12 4 291 6

M2 6 17 0.591 3 23 6 247 8

M1 7 18 0.598 4 25 7 266 7

M3 8 19 0.653 8 29 8 425 3

Post-editing quality Productivity levelOverall
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5.2.1. Demographics and Biographics 

Participants completed a questionnaire before they carried out the post-editing task (see 

Section 4.7.1). This pre-task survey captured some of their biographic and demographic 

details as well as their qualification, accreditation/affiliation and experience related to 

translation. A summary of this information is shown in Table 5.17. As mentioned in Section 

4.3.1, the only prerequisite for participating in the present research was professional 

experience translating in the ZH-EN direction. The present researcher did not set out to 

purposely recruit participants with any other attribute of interest in mind. Therefore it was 

purely circumstantial that among the final group who contributed usable data, there were 

equal numbers of participants for characteristics such as native language, NZSTI membership 

and previous patent translation experience, as discussed below.   

 

Table 5.17. Participants’ personal information, and translation qualification and experience 

Half the participants (P2, P3, M1, M8) self-assessed English as their L1, while the other half 

listed Chinese as their L1. The concept of L1 versus L2 has been introduced in Section 1.1.2 

and discussed at some length in Section 3.6. Five of the eight participants (P2, P3, M3, M4, 

M7) had undergone formal translation training at tertiary level. Four (M3, M4, M7, M8) were 

members of NZSTI (New Zealand Society of Translators and Interpreters) at the time they 

Participant Sex
Age 

group
L1 L2

Self-assessed 

L2 

proficiency

Formal 

translation 

qualification

Formal 

translation 

accreditation

NZSTI 

member in 

Aug 2014

Translation 

work mode

Years as 

professional 

translator

Words 

translated in 

past year

P2 Male 25-34 English Chinese Near native
Postgrad 

Diploma
None No Full-time 2 - 4 yrs > 50,000

P3 Male 25-34 English Chinese
Good 

command

Postgrad 

Diploma
None No Full-time 4 - 6 yrs > 50,000

M1 Male 35-44 English Chinese
Good 

command
None None No Part-time 2 - 4 yrs < 5,000

M2 Female 45-54 Chinese English
Excellent 

command
None None No Part-time > 6 yrs < 5,000

M3 Male 35-44 Chinese English
Excellent 

command
Master None Yes (C<=>E) Part-time > 6 yrs 5,000-20,000

M4 Male 35-44 Chinese English
Excellent 

command
Bachelor NAATI Yes (C<=>E) Full-time > 6 yrs > 50,000

M7 Female 35-44 Chinese English
Excellent 

command
Master None Yes (E=>C) Full-time > 6 yrs > 50,000

M8 Male 25-34 English Chinese
Native 

speaker
None NAATI Yes (C=>E) Part-time 2 - 4 yrs 5,000-20,000
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took part in the study in August 2014, and two of them (M4, M8) were also accredited by 

NAATI (National Accreditation Authority for Translators and Interpreters). Of the eight 

participants, four (P2, P3, M4, M7) worked as full-time translators and had each translated 

more than 50,000 words in the 12 months immediately preceding the study. Among the four 

part-time translators, two (M3, M8) had translated between 5,000 and 20,000 words in the 

year preceding their participation in the study and the other two (M1, M2) had clocked less 

than 5,000 words in the same time frame. 

In addition, the pre-task questionnaire also sought to understand whether participants 

specialized in any particular text types, whether they had any experience with translating 

patents, whether they used translation technology in their work, and whether they offered 

post-editing of machine translation service to their clients. The summary of this second set of 

information is provided in Table 5.18. 

 
 

Table 5.18. Participants’ specialization, use of translation technology, and PEMT service 

It can be seen from the table that all participants, except one, offered some degree of 

specialisation in specific domains, with business/finance being the most frequently cited 

followed by medical and legal. Participant M2 was the generalist translator in the group. In 

contrast to the ‘specialist’ technical translators, M3 specialized in literary translation. Only 

Participant
Translation 

specialization

Patent 

translation 

jobs in past 

year

Use 

TM

Frequency 

of TM use

Use 

licensed 

MT

Use 

free 

MT

Frequency 

of MT use

PE jobs as 

% of work in 

past year

P2
Business/Finance, 

Government, Legal
3 or less Yes

A few times 

a year
No Yes Every day None

P3
Medical, Technical, 

Patent, Scientific
More than 20 Yes

A few times 

a year
No Yes Every day None

M1
Business/Finance, 

Government
None No n/a No Yes

A few times 

a month
None

M2 None None No n/a No Yes
A few times 

a month
None

M3 Literary None No n/a No No n/a None

M4
Business/Finance, 

Medical, News
None Yes Every day No No n/a

Less than 

10% of work

M7 Legal, Medical, News 3 or less Yes Every day No Yes Every day None

M8
Business/Finance, 

Legal, Patent
3 or less No n/a No Yes

A few times 

a month
None
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two participants (P3, M8) included patent translation as a specialization. However, four (P2, 

P3, M7, M8) indicated they had taken on patent jobs in the preceding year, albeit only at the 

level of three jobs or less for three of them. Participant P3 indicated in the pre-task 

questionnaire that he had performed more than 20 patent translation jobs in the past 12 

months. In the post-task interview, P3 additionally mentioned that he had translated some 500 

Chinese patents to English during his career as a patent translator. This level of experience in 

patent translation would go towards explaining P3’s much higher productivity among this 

group, as seen in Section 5.1.5.3. 

With regards to the use of translation technology in their work, four used translation memory 

(TM) systems, two of whom (M4, M7) used TM daily while the other two (P2, P3) did so 

occasionally. None were familiar with licenced machine translation systems, although six of 

the eight said they used free MT like Google Translate and Youdao fanyi, with three (P2, P3, 

M7) using online MT every day and three (M1, M2, M8) a few times a month. This self-

report by the participants in the pre-task survey is in line with our observation earlier that 

many of our participants conspicuously spent a considerable percentage of their internet time 

on online MT, except M3 who did not access the Internet at all during the task. The only 

discrepancy was participant M4, whose claim of not using MT systems was not borne out by 

what was seen in his BBF log. For those who used MT, they would by extension be familiar 

with PE concept and practice, however informally. When asked whether they had done any 

PE jobs for clients, all but one responded in the negative. Participant M4 was the only one 

offering PEMT service to customers, but such jobs constituted less than 10% of his work in 

the preceding year. 

5.2.2. Attitude towards Machine Translation 

The final question in the pre-task questionnaire the participants completed before proceeding 

to the post-editing task document was a Likert-type instrument included to gain an 

understanding of their general attitude towards machine translation (that is, whether they 

viewed MT positively or negatively). The nine statements and the agreement/disagreement 

responses of the participants are shown in Table 5.19. The responses to the negative or 

unfavourable statements were reverse-coded so that the highest score always meant a most 

favourable disposition to MT. 
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Table 5.19. Participants’ responses to attitude statements about machine translation 

Cronbach’s alpha was first determined to assess the internal consistency or reliability of the 

scale of measurement devised and used in this study. “The closer Cronbach’s alpha 

coefficient is to 1.0 the greater the internal consistency of the items in the scale” and an alpha 

value of 0.8 and above indicates good internal consistency (Gliem and Gliem 2003:87). 

Therefore, with a Cronbach’s alpha of 0.859, the scale was deemed internally consistent, and 

reliable to measure the construct of interest (i.e., attitude towards MT). 

It can be seen from Table 5.19 that the total attitude scores ranged from 29 through 39, with 

the median at 31.5. Using this median as the indicator of central tendency, participants P3, 

M1, M2 and M7 have attitude scores that are higher than the median value (highlighted in 

green), while those of P2, M3, M4 and M8 are lower. One interpretation of this observation is 

that the former group tends to have a more positive general attitude towards MT and the latter 

group less so. It must be noted that the aim of the present study is not about quantifying this 

attitude difference. Our aim is to qualitatively differentiate the participants in this respect in 

order to identify them by their general disposition towards MT and explore whether that 

difference in attitude impacts their post-editing later.  
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5.2.3. Perception of Post-editing Effort 

After the participants finished post-editing each MT sentence, they rated the amount of effort 

they felt was needed to ‘fix’ that particular sentence. Their perception of PE effort was 

captured using a five-point scale. As a reminder, the scale used to quantify participants’ 

perceived PE effort was as follows: 

1. Little or no PE is needed as the raw MT output is completely clear and intelligible, 

although it may not necessarily be the perfect translation. 

2. The raw MT output is generally clear, and about 10-25% of the sentence needs PE. 

3. Moderate PE is needed, on about 25-50% of the raw MT output. 

4. Significant PE is needed, on about 50-75% of the raw output. 

5. The raw MT output is totally incomprehensible with little or no information 

transferred accurately, and requires manual retranslation from scratch. 

The effort ratings for each of the ten MT sentences as rated by the eight participants are 

provided in Table 5.20. To obtain an indication of the degree of consistency among the 

participants who independently rated the PE effort, an inter-rater reliability analysis was 

carried out using intraclass correlation (ICC). Although Cohen’s kappa (for two raters) and 

Fleiss’ kappa (for three or more raters) are common estimaters of inter-rater reliability, they 

are used for categorical or nominal data (Hallgren 2012:26). For cases of ordinal data from 

multiple raters, the ICC metric is suitable (Field 2005:948). As coefficient “values between 

0.75 and 0.9 indicate good reliability” (Koo and Li 2016:158), the ICC coefficient of 0.810 

for this set of ratings suggests that there was good consistency among this group of 

translators with regards to their ratings of the effort for post-editing this set of MT sentences. 

 

Table 5.20. Perceived PE effort rated by individual participants 

Mean

Sentence P2 P3 M1 M2 M3 M4 M7 M8 rating

S1 4 2 4 4 4 4 2 4 3.50

S2 4 4 4 3 4 4 4 3 3.75

S3 4 3 4 5 5 5 4 3 4.13

S4 4 3 4 5 5 5 4 4 4.25 Scale used: Count %

S5 4 4 4 5 5 4 4 4 4.25 1 - little or no PE required 0 0%

S6 3 4 4 4 5 4 5 3 4.00 2 - some PE required 7 9%

S7 5 3 4 5 5 4 4 5 4.38 3 - moderate PE required 15 19%

S8 3 2 3 5 3 2 2 2 2.75 4 - significant PE required 43 54%

S9 3 3 4 4 4 3 4 2 3.38 5 - complete retranslate 15 19%

S10 4 4 4 4 4 4 4 3 3.88 80 100%

Total rating 38 32 39 44 44 39 37 33

Participant
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On average, the sentence which the group perceived as needing the most effort to post-edit 

was S7 (mean rating = 4.38) and the one needing the least was S8 (mean rating = 2.75). It can 

be seen from the ‘Count’ summary on the right hand side in Table 5.20 that all eight 

participants felt that all ten sentences needed to be post-edited; in other words, none was rated 

as needing little or no PE. In this set of 80 items, the most frequently occurring rating is 4 

(significant PE required) at 54%, followed by rating 3 (moderate PE required) and rating 5 

(complete retranslate) both at 19%. Possible interpretations of this observed level of post-

editing include: (1) the participants found it challenging to post edit the text used in the study, 

(2) they were putting a lot of effort into ‘fixing’ the MT output properly, and (3) the machine 

translation was not particularly satisfactory. Although MT output quality is a key 

consideration for PE (see Section 2.3), it is beyond the scope of this study to assess MT 

quality per se. Instead, we consider the other scenarios and investigate the participants in 

greater detail in the rest of this chapter. 

5.2.4. Correlations between Perceived PE Effort and Measured Data  

According to Moorkens et al. (2015:1), the correlation between human ratings and actual 

post-editing effort is under-measured. Other researchers, as we saw earlier, have attempted to 

determine if these variables may be of use as reliable predictors of one another. In particular, 

de Sousa et al. (2011) reported a strong correlation between subjective effort ratings and PE 

time, while Koponen (2012) found re-ordering edits and sentence length to be associated with 

the perception of higher PE effort. Using the number of keystrokes as the proxy for technical 

PE effort (not number of edit events or TER scores as was the case in the present study), 

Mellinger (2014) observed a strong correlation with perceived effort ratings in five of his 

nine participants, but paradoxically, none of the other four participants showed such 

correlation. Moorkens et al. (2015) found correlations between participant’s estimates of PE 

effort (i.e., effort ratings predicted a fortnight before the actual PE task, not an assessment of 

effort expended after the fact) and all three dimensions of effort. The measures of PE effort in 

the case of Moorkens et al. were segment time for temporal effort, TER scores for technical 

and eye fixations for cognitive. The correlation between prediction and technical effort was 

strong, with temporal was moderate, and with cognitive was weak to moderate. 

We now examine some of the data we collected to determine if meaningful relationships exist 

between them; in particular, whether perceived PE effort is correlated with post-editing time, 

with the number of edit events, with the TER scores, and with sentence length. In this section, 
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we first consider the complement of ten MT sentences holistically (synonymously referred to 

as the ‘document’), before looking in more detail at the sentence-by-sentence scenario where 

the influence of sentence length (in word count) is also discussed. 

5.2.4.1. At the Document Level 

The total PE effort rating from the eight translators for the ten MT sentences together with the 

corresponding data for the duration of their first PE passes, the total number of changes or 

edit events (i.e., substitutions, insertions, deletions, and re-orderings) manually annotated 

from the final post-edited sentences, and the document-level TER scores are provided in 

Table 5.21. The perceived effort rating, the time spent on post-editing the document and the 

number of changes made in doing so may be seen as respective approximations of the well-

established and often-adopted cognitive, temporal and technical dimensions of Krings’ post-

editing effort typology (2001). The TER scores had been been included as a potential 

secondary quantifier of technical PE effort by investigating them vis-a-vis the manual number 

of edit events derived from annotating the post-edited product. In previous PE effort studies 

involving TER scores as the proxy for technical effort (e.g. Tatsumi 2009, Koponen 2012, 

Moorkens et al. 2015, Alves et al. 2016), their TER scores had been obtained using the post-

edited versions as reference. In the present study, our TER scores were computed using 

external English sentences as references (see Figure 5.13), primarily as a measure of PE 

quality.    

 

Table 5.21. Total perceived PE effort, PE duration, edit events and TER score by participants 

The scatterplots for the three pairs of variables, namely PE effort rating and PE duration, PE 

effort rating and edit event, and PE effort rating and TER, are shown in Figures 5.17, 5.18, 

5.19 respectively. A best-fitting straight line is applied to the data points in each scatterplot to 

more readily visualise any linear relationship.  

P2 P3 M1 M2 M3 M4 M7 M8

Total PE effort 

rating
38 32 39 44 44 39 37 33

PE first pass 

(minutes)
26.71 20.75 57.76 49.90 35.09 28.72 53.43 46.39

Edit event 

(instances)
130 130 144 140 134 114 138 128

Document-level 

TER score
0.638 0.505 0.598 0.591 0.653 0.601 0.573 0.607
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Figure 5.17. Effort rating and duration of first PE pass  

 

Figure 5.18. Effort rating and edit events 

 

Figure 5.19. Effort rating and TER score 

It appears from the scatterplots that, on the document level, there looks to be some degree of 

linear association between PE effort rating and TER score (Figure 5.19). The relationship 

between perceived PE effort and first-pass PE duration, and between perceived PE effort and 

measured number of edits, however, are hardly discernible with the best-fit line almost 
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horizontal (Figures 5.17 and 5.18). Pearson correlation coefficients were computed for the 

three pairs of variables to quantify the relationship(s), if any, and are listed in Table 5.22 

together with their statistical significance.  

 

Table 5.22. Correlation coefficients for perceived PE effort 

Applying Rumsey’s convention (2011:284) to interpret our data, the r values suggest that 

there is a moderate linear relationship (at r = 0.605) between document-level TER and the 

perceived PE effort rating summed across all ten sentences, and a weak relationship (at best) 

between perceived PE effort and duration of first-pass PE (r = 0.251) as well as with number 

of edits (r = 0.280). It should be noted, however, that the corresponding p-values indicate that 

the observed correlations could have happened just by chance. We will investigate this 

further in the next section when we consider correlations in the sentence-by-sentence 

scenario. Statistical non-significance notwithstanding, tentative interpretations that may be 

offered at this stage, subject to confirmation or otherwise later in this thesis, are (1) the 

automatic evaluation metric TER may be a moderately useful estimator of overall perceived 

PE effort on the document level, (2) the participants’ perception of PE effort is only weakly 

associated with how much time they spent working on the MT text, and (3) perceived effort 

is also weakly associated with how many editing changes participants actually made to the 

text as a whole. The first two interpretations are aligned with the findings by Moorkens et al. 

(2015), notwithstanding that their TER scores were based on post-edited sentences as 

reference unlike the present study. 

As regards the comparison between the manually annotated number of edit events and the 

TER scores, the flat line in the scatterplot (Figure 5.20) suggests that there is no linear 

relationship between the two variables. The r value of -0.0243 also indicates such an absence. 

This lack of correlation contradicts the finding of a positive association between TER scores 

and the number of manual insertions and deletions by García Martínez et al. (2015:150). One 

possible explanation is that the participants did not (always) take the ‘path of least resistance’ 

when post-editing. In other words, the number of changes they made was not the minimum 

number of edits required, whereas the fundamental basis of automatic evaluation of edit 

Potential influencing factor

Total duration of first-pass PE

Total number of edit events 

Document-level TER score

Correlation with total 

PE effort rating r

0.251

0.280

0.605

Statistical significance 

p  (1-tailed)

.274

.251

.056
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distance is the minimum number. This observation is in line with Koehn’s argument that 

finding the minimum number of editing steps “does not reflect what a human post-editor 

would do” (2010a:238).  

Another possible line of reasoning which can be offered is that there are many ‘correct’ 

translations of the same source material (cf. Fomicheva and Specia 2016:77), but TER 

objectively evaluates hypotheses against only one reference. Any dissimilarity to the 

reference is ‘unacceptable’ to the TER algorithm and therefore ‘marked down’, even though 

the hypothesis may be perfectly acceptable to a human translator or evaluator. 

 

Figure 5.20. TER score and edit events 

5.2.4.2. At the Sentence Level 

To further investigate participants’ perception of PE effort in greater depth, the PE effort 

rating for each of the ten MT sentences by each of the eight individuals are collated in Tables 

5.23a (for participants P2, P3, M1, M2) and 5.23b (for participants M3, M4, M7, M8). 

Presenting the data in two parts (i.e., as two tables) is purely for spatial and legibility reasons, 

as the data for all eight participants would be too small to read clearly if fitted in one single 

page even in landscape orientation. Also shown in these tables are the corresponding data 

relating to the duration of the first PE pass, the duration of the first PE pass plus self-revision, 

the number of edit events manually annotated from the final post-edited sentences, the TER 

score, and the sentence length before and after PE.  
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Table 5.23a. Perceived PE effort rating and measured PE data for P2, P3, M1, M2 

 

1st pass 

PE 

duration

1st pass 

PE + 

Revision 

duration Edit event

PE 

sentence 

length

MT 

sentence 

length

(minute) (minute) (instance) (word) (word)

P2S1 4 1.22 1.68 5 0.5385 23 23

P2S2 4 4.00 4.74 25 0.7949 46 48

P2S3 4 3.11 4.68 17 0.9643 39 36

P2S4 4 2.94 3.57 19 0.6944 36 35

P2S5 4 1.72 2.47 12 0.7857 33 32

P2S6 3 1.31 1.47 4 0.6087 17 19

P2S7 5 2.39 2.61 14 0.5000 21 32

P2S8 3 0.92 1.35 5 0.7600 30 31

P2S9 3 5.84 5.99 18 0.4310 48 47

P2S10 4 3.27 3.41 11 0.4615 28 29

P3S1 2 0.77 0.84 3 0.4231 22 23

P3S2 4 2.66 3.00 24 0.7179 44 48

P3S3 3 2.30 2.44 16 0.6429 32 36

P3S4 3 2.14 2.41 18 0.5278 31 35

P3S5 4 2.64 2.68 13 0.5714 31 32

P3S6 4 2.21 2.27 6 0.4348 17 19

P3S7 3 2.61 2.61 15 0.2647 32 32

P3S8 2 1.07 1.07 3 0.6800 29 31

P3S9 3 2.36 2.37 19 0.4828 50 47

P3S10 4 1.98 1.98 13 0.2692 27 29

M1S1 4 3.98 4.16 4 0.5000 22 23

M1S2 4 4.39 5.70 23 0.6410 41 48

M1S3 4 4.15 4.67 20 0.6071 26 36

M1S4 4 4.25 4.64 19 0.6111 26 35

M1S5 4 3.38 3.52 13 0.7857 24 32

M1S6 4 7.13 7.27 9 0.6957 21 19

M1S7 4 11.91 12.23 13 0.4412 28 32

M1S8 3 3.75 3.93 7 0.6800 27 31

M1S9 4 5.75 6.01 23 0.5862 52 47

M1S10 4 9.08 9.21 13 0.4615 22 29

M2S1 4 5.07 5.14 8 0.4615 18 23

M2S2 3 4.84 5.13 21 0.8462 44 48

M2S3 5 4.82 12.07 17 0.6429 31 36

M2S4 5 8.51 8.70 18 0.6944 36 35

M2S5 5 5.75 5.75 12 0.7500 28 32

M2S6 4 4.09 4.09 8 0.6957 16 19

M2S7 5 5.59 6.00 15 0.2647 29 32

M2S8 5 2.59 2.93 8 0.7200 27 31

M2S9 4 4.04 4.04 20 0.5172 50 47

M2S10 4 4.60 4.60 13 0.3462 25 29

Participant/ 

SentenceID

Perceived 

PE effort 

rating

TER 

score
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Table 5.23b. Perceived PE effort rating and measured PE data for M3, M4, M7, M8 

From these sentence-by-sentence data, a matrix of correlation coefficients was generated in 

SPSS 24.0 and the extracted values are shown as Table 5.24. Apart from the Rumsey 

convention already mentioned, the correlation coefficient r has been taken in the behavioural 

sciences as a describer of the “effect size” of a construct of interest, or the degree to which a 

1st pass 

PE 

duration

1st pass 

PE + 

Revision 

duration Edit event

PE 

sentence 

length

MT 

sentence 

length

(minute) (minute) (instance) (word) (word)

M3S1 4 3.50 3.52 4 0.6538 25 23

M3S2 4 7.31 7.31 30 0.7179 40 48

M3S3 5 3.37 3.37 22 0.6429 25 36

M3S4 5 3.92 3.92 17 0.5833 27 35

M3S5 5 3.41 3.99 18 0.6429 29 32

M3S6 5 2.51 2.51 8 0.6522 17 19

M3S7 5 2.54 2.54 9 0.5000 18 32

M3S8 3 1.86 1.86 3 0.7200 29 31

M3S9 4 4.68 4.68 11 0.6552 53 47

M3S10 4 2.00 2.00 12 0.8077 15 29

M4S1 4 1.78 2.56 5 0.6154 22 23

M4S2 4 5.82 8.32 22 0.7949 44 48

M4S3 5 4.19 5.47 18 0.7143 32 36

M4S4 5 2.38 3.76 18 0.6111 29 35

M4S5 4 2.50 4.31 8 0.7143 30 32

M4S6 4 2.37 3.29 7 0.6087 22 19

M4S7 4 3.07 3.87 15 0.5294 29 32

M4S8 2 1.36 1.77 4 0.7600 29 31

M4S9 3 2.18 2.93 9 0.4138 43 47

M4S10 4 3.08 3.61 8 0.3846 25 29

M7S1 2 2.67 2.70 4 0.4231 23 23

M7S2 4 11.29 11.32 24 0.6923 43 48

M7S3 4 9.59 9.91 16 0.6786 30 36

M7S4 4 5.20 5.38 17 0.6111 32 35

M7S5 4 4.93 5.04 13 0.7857 32 32

M7S6 5 1.79 1.97 9 0.6087 22 19

M7S7 4 4.63 4.66 15 0.3529 28 32

M7S8 2 3.03 3.03 3 0.6800 29 31

M7S9 4 5.07 5.07 21 0.5690 54 47

M7S10 4 5.23 5.23 16 0.3077 25 29

M8S1 4 4.57 5.15 7 0.5769 22 23

M8S2 3 8.17 11.26 20 0.7949 41 48

M8S3 3 5.65 7.73 14 0.8214 32 36

M8S4 4 4.74 7.07 17 0.6944 31 35

M8S5 4 4.71 5.44 14 0.7857 31 32

M8S6 3 4.75 4.93 8 0.7391 19 19

M8S7 5 4.13 5.89 18 0.4412 27 32

M8S8 2 3.93 4.81 8 0.6800 27 31

M8S9 2 2.77 3.18 8 0.4138 46 47

M8S10 3 2.97 3.52 14 0.2692 26 29

Participant/ 

SentenceID

Perceived 

PE effort 

rating

TER 

score
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phenomenon is present in a group of subjects being investigated (Cohen 1988:9). Cohen 

offers a different convention for interpreting r values in terms of an effect size index (ibid. 

79-81): 0.10 => small effect size, 0.30 => medium effect size, 0.50 => large effect size. With 

both the Rumsey and Cohen models for interpreting r values in mind, we now examine the 

matrix of correlation coefficients obtained for the variables under investigation. 

Revisiting the participants’ perception of PE effort from a sentence level perspective, it can 

be seen in the first column of the matrix in Table 5.24 that the correlation coefficient of 0.210 

for perceived effort rating and duration of first pass PE is lower but of a similar order to that 

of 0.251 observed earlier for the document level (Section 5.2.4.1). Moreover, the greater 

statistical power from a larger dataset (i.e., data from 80 individual sentences as opposed to 

the 8 ‘documents’ previously) has now shown that the linear correlation between the two 

variables, albeit slightly weaker, is statistically significant (at the 5% level) as opposed to not 

significant before. 

 

Table 5.24. Pearson correlation coefficients matrix on sentence level 

Perceived 

PE effort 

rating

1st pass 

PE duration

1st pass 

PE + 

Revision 

duration Edit event

TER 

score

PE 

sentence 

length

MT 

sentence 

length

Perceived PE 

effort rating
1

0.210*

p  = .031

0.241* 0.919**

p  = .015 p  = .000

0.355** 0.450** 0.474**

p  = .001 p  = .000 p  = .000

0.027 0.065 0.149 0.125

p  = .407 p  = .282 p  = .094 p  = .135

-0.140 0.242* 0.263** 0.598** 0.151

p  = .108 p  = .015 p  = .009 p  = .000 p  = .091

-0.054 0.306** 0.343** 0.735** 0.172 0.906**

p  = .317 p  = .003 p  = .001 p  = .000 p  = .064 p  = .000

Note: * correlation is significant at the 0.05 level (1-tailed)

** correlation is significant at the 0.01 level (1-tailed)

1

1

PE sentence 

length (word)

MT sentence 

length (word)

1

1

1

1st pass PE 

duration (min)
1

1st pass PE + 

Revision 

duration (min)

Edit event 

(instance)

TER score
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When self-revision time is superimposed onto the time for the first PE pass, the higher r 

value of 0.241 (also significant at the 5% level) suggests a slightly larger effect size than first 

pass PE duration by itself. From a logic standpoint, however, the argument is somewhat 

problematic, as the participants rated the PE effort before carrying out (much of the) self-

revision, not after. The self-revision component is therefore not expected to have any direct 

impact on perceived PE effort rating. Investigating self-revision at a finer level of granularity 

is however not the research focus of the present study, so this line of enquiry might be taken 

up in future work. For now, it needs to be noted that r values inside of 0.30 only indicate, at 

best, a weak correlation in the strict statistical sense. 

In terms of the correlation between perceived PE effort and edit event, the r value of 0.355 on 

the sentence level is more pronounced than the 0.280 observed at the document level. 

Besides, the correlation is now statistically significant at the 1% level, suggesting that the 

observed linear relationship is highly unlikely to have occurred by chance. We can interpret 

the correlation coefficient as indicative of a medium effect size by the Cohen convention, as 

well as a definite, albeit weak, linear relationship between this pair of variables by the 

Rumsey convention. The data shows that the number of editing actions carried out on each 

sentence did influence the participants’ perceived effort rating for that sentence to some 

extent. 

Interestingly, the moderate correlation (r = 0.605, p = .056) seen earlier at the document level 

between TER and perceived PE effort rating is not repeated at the sentence level. In fact, with 

an r value of 0.027, there is no indication of a linear relationship. One possible explanation is 

that our TER scores, computed using external references and not by comparing the MT 

against the post-edited versions, are not sensitive or appropriate as estimators of technical PE 

effort on the sentence level. Limitations of AEMs have been mentioned in other publications 

(e.g., Babych 2014, Doherty 2017). Another possible explanation may be that the correlation 

seen earlier at the document level was, indeed, an aberration that has occurred by chance (as 

the earlier lack of statistical significance suggests).    

The two r values of -0.140 and -0.054 at the bottom of the first column in Table 5.24 

measuring the degree of association between perceived PE effort and number of words (both 

after PE and for raw MT respectively) indicate that sentence length has little or no influence 

on how this group of participants subjectively rated the MT sentences for perceived PE effort. 

This replicates the finding of Moorkens et al. (2015), where their participants did not tend to 
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rate longer sentences as more effortful without regard to the number of edits required. 

However, the absence of correlation in the present study contradicts the finding of Koponen 

(2012), working on ‘ready-made’ data borrowed from an earlier and unrelated quality 

evaluation task. Koponen reported that perceived PE effort, the average score derived from 

three professional translators, was influenced by sentence length – the longer the MT 

sentence the higher the rating for perceived PE effort, independent of how many edit 

operations are actually required and carried out to ‘fix’ the sentence. It is unclear whether the 

three effort raters in Koponen’s case had any PE training or experience.    

5.2.5. Other Observations from Sentence-level Correlation Coefficients Matrix 

In this section, we highlight some of the other observations that can be made from the array 

of Pearson r values and their respective statistical significance in Table 5.24, over and above 

those which pertain to perceived PE effort in the previous section. First, we consider the four 

strongest relationships in descending order.  

The highest r value in the matrix is 0.919, significant at the 1% level, indicating a close-to-

perfect correlation between the time the participants took for the first pass and the total time 

for the first PE pass plus self-revision. This is to be expected, as we saw earlier in Section 

5.1.1 that the participants spent, on average, less than 10% of their total task time on self-

revision but more than 70% on the first PE pass. This high level of linear correlation supports 

the inference that the effect is manifested mostly through the first variable (PE time only), 

with the second variable (PE + revision time) closely mirroring it. 

The second highest r value seen in the data for this group is 0.906 (closely behind the highest 

of 0.919) for the linear relationship between MT and PE sentence lengths. This strong 

positive correlation is also significant at the 1% level. This indicates that, during post-editing, 

the participants by and large retained almost the same number of words as the raw MT 

output, without adding words too often in the post-edited versions they produced. In fact, in 

Table 5.9, we have already seen that the average length of the eight post-edited documents 

was about 9% shorter than the machine-translated version. One interpretation of these two 

observations is that for most of the textual changes effected, the participants achieved them 

by substituting and/or deleting words. This inference is in agreement with our earlier finding 

presented in Table 5.8, where the analysis of edit types showed that “Substitute” edits (at 

44.8%) formed the largest group of editing events, by far, across all our eight participants, 

followed by “Delete” edits (at 24.8%) in second place.  
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The third and fourth strongest correlations (r = 0.735 and 0.598 respectively), both significant 

at the 1% level, are observed between number of edit events and sentence lengths before and 

after post-editing respectively. This observation lends itself to the assumption that the longer 

the sentence, the more changes the participants tended to make on it. This assumption raises 

the question, though, as to whether the ‘extra’ changes made on longer sentences were all 

absolutely needed to fix things that were actually wrong in or with such sentences (cf. 

Koponen and Salmi 2017). Moreover, the correlation between MT sentence length and edit 

events suggested by the r value of 0.735 here is not only stronger than the r value of 0.343 we 

encountered in Table 5.7 between MT sentence length and EDI (average number of edits by 

the eight participants for a sentence normalized by MT length), but also statistically 

significant. It would appear that, in our case at least, working with average values at the 

document level and/or small samples had indeed masked the strength and the statistical 

significance of linear relationships. Besides, the strong correlation observed here could mean 

that longer source sentences were more difficult to translate using MT and tended to ‘trip up’ 

the engine so more errors show up in the corresponding raw MT output. It was reported that 

BLEU scores declined rapidly when source sentence length increased in a study comparing 

NMT models (Cho et al. 2014). Further research on these angles will no doubt shed more 

light. 

Next, we look across Table 5.24 at the edit event row, where the coefficient of 0.450 with 

first pass PE duration suggests that the number of edits made to the sentences correlate 

moderately, but significantly (at the 1% level), with the time taken for the first PE pass. If 

manual edit event count is taken as the proxy for technical PE effort, and first-pass PE 

duration as that for temporal effort, then we can say that for this dataset technical effort is 

moderately correlated with temporal effort. If, however, TER score is taken as the proxy for 

technical PE effort instead, then the correlation coefficient of 0.065 with first-pass PE time 

implies that there is no linear association between technical and temporal effort. This direct 

contradiction is not unexpected in this dataset given that the r value for correlation between 

TER score and edit event is only 0.125. Furthermore, TER was designed to be an objective 

measure of PE quality in the present study. So, such a glaring discrepancy underscores the 

caution that needs to be exercised when using automatic metrics on a black-box basis, 

especially in interpreting findings and results. Other PE effort researchers who used TER in 

their investigations into correlations have reported varying degrees of success. Among the 

studies reporting at least reasonable correlations when using TER are O’Brien (2011a) and 
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Moorkens et al. (2015). In contrast, Alves et al. (2016), whose paper compares PE effort for 

standard PE with interactive PE, report that TER scores correlate with temporal effort only 

for interactive PE, and do not correlate with cognitive effort at all.  

The last r value in the edit event row is 0.474, which significantly (at the 1% level) correlates 

the number of edits with the combined duration of first-pass PE plus self-revision. This 

apparently stronger association than the r value of 0.450 obtained for first-pass PE duration 

on its own makes sense, as all but one of the eight participants did make editing changes to 

the text during the self-revision instances in the task (see Figure 5.12). However, whether the 

number of edit events added during self-revision accounts for the difference seen in the two 

coefficients for duration cannot be adequately addressed in the present context, as this study 

has not been designed to investigate this aspect. 

Before leaving the discussion on the correlation coefficient matrix, we make two general 

remarks about (1) the coefficients relating to the relationships between sentence length and 

duration (rectangular box highlighted in red), and (2) the coefficients relating to TER score 

(L-shaped box highlighted in blue). The group of four r values, namely 0.242, 0.263, 0.306 

and 0.343, within the red box all indicate weak but statistically significant correlations. We 

may therefore infer from our data that PE duration increases slightly as MT sentence length 

increases. This is in line with the findings in other studies (e.g., Koponen 2012, Popović et al, 

2014) where sentence length was found to impact PE time, albeit to varying degrees. 

With regards to the L-shaped band of correlation coefficients relating solely to TER scores, it 

is interesting to note that in this dataset these r values provided no evidence of a linear 

relationship with any of the variables included in the matrix. This brings into question the 

efficacy of including the TER metric as an indicator of temporal PE effort (PE duration) or 

even technical PE effort (actual number of edit events) in studies of the present nature, 

despite TER’s popularity and proven usefulness as an AEM for (machine) translation quality. 

Prudence is essential, and more repeated tests with much larger samples may be required to 

determine the suitability (or otherwise) of TER as a robust quantifier of temporal or technical 

PE effort. 

5.2.6. Other Observations about the Participants 

As a conclusion to this section which considers the participants, we include other general 

remarks about their behaviour while post-editing. From a review of the eight participants’ 
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BBF screen logs, some noteworthy micro-level observations about their idiosyncrasies in 

carrying out the PE task are listed below. These seemingly mundane behavioural/keyboarding 

characteristics may have potential implications for post-editor training:  

1. Despite specific instructions included in the task form after each sentence to use the 

[PgDwn] (page down) key to navigate from one page to the next, only M7 and M8 

complied. Scrolling (both upwards and downwards) was the most common mode of 

between-page navigation among this group of participants, even though it may be 

more time-consuming than just hitting the [PgDwn] key. 

2. With the exception of participant M4, none of the others saved their work in progress 

after post-editing each sentence, or after making a change during self-revision. In fact, 

only P3, M1 and M4 saved their working file after they completed the task. The other 

participants did not. They might have assumed that the file they were working on 

would auto-save. As it were, the auto-save function was activated in the present study. 

That notwithstanding, it would be a prudent habit to cultivate to regularly save one’s 

work especially if it is on an extensive document or at the very least when the task 

was completed, even when no explicit instruction is specified. 

3. During the course of the PE task, participant M2 turned the Track Changes function 

on and off several times. Participants P2 and P3 also adjusted the Track Changes 

function, but did so by toggling between display with and without mark ups visible. 

The others did not make any attempt to change the Track Changes view. It was 

unclear whether Track Changes did not bother them, or if it did, they did not know 

how to manage the various viewing options available. 

4. Participant M2 was frequently seen re-typing into another part of the sentence long 

sequence of words identical to the MT output, and then deleting the original MT 

wording. M2 also copied and pasted an entire MT sentence to a different location on 

more than one occasion. Therefore, although M2 rated five of the ten MT sentences as 

requiring complete retranslation (see Table 5.20), the final post-edited versions were 

not actually so different from the raw MT text that warranted such a rating. M2 was 

also the participant who returned the longest task time of almost 80 minutes (see 

Table 5.1).  
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In addition, we collate below some of the macro-level details about the two individuals 

occupying both ends of the spectrum shown in the scorecard (Table 5.16 in Section 5.1.5.4) 

in terms of their performance of the PE task. These may have relevance when identifying 

candidates as potential post-editors, as well as in considering their suitability.    

1. Participant M3, who specialises in literary translation, returned the most unfavourable 

TER score and the highest PE error count. He did not access the Internet, was 

negatively predisposed towards MT, had the highest incidence of rating the MT 

sentences (5 out of 10) as requiring retranslation from scratch, and minimally 

revisited his own work during the task (2 out of 10 sentences). In fact, M3’s BLEU 

score was the only one in the group to be lower than the baseline score of the MT 

output, which would indicate that the post-edited version from M3 was more different 

than the raw MT from the reference. 

2. Participant P3, who specialises in patent translation, returned the most favourable 

TER and BLEU scores, and made the lowest number of PE errors. It appears that he 

did intend at the start of the task to access the Internet as he opened one browser and 

online dictionary site, but subsequently did not use any online resources during the 

task. He was positively predisposed towards MT, did not rate any of the MT sentences 

as requiring complete retranslation, reviewed seven of the ten sentences he produced, 

and was the most productive post-editor in the group. 

It may be logical to assume that participant P3’s familiarity with patents and experience in 

patent translation contributed to his PE success in the present study. However, whether 

specialisation in literary translation represents a barrier to success in (i.e., not conducive to) 

working with technical texts, such as patents, is a question that probably deserves more 

attention. Moreover, it may also be worthwhile to determine how big a part consulting 

relevant resources, self-revising one’s output, and minimising unnecessary re-typing and 

other keyboard activities actually play in overall PE performance and success as defined in 

this study, or otherwise.     

5.3 Comparing Participant Groups 

After discussing the relationship between participants’ perception of PE effort and some of 

their measured data, and also other key observations about correlations in the data and 

individual participants, in this section we aim to group the participants by selected 
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characteristics and determine whether differences between participant groups influence or 

impact on their post-editing. In other words, whether (some of) the earlier observations made 

may be explained (or at least meaningfully speculated upon) by who the participants are as 

translators.  

The differentiations to be examined are in terms of:  

 the participants’ attitude towards machine translation (addressing sub-questions 3.1, 

3.2 and 3.3: Do participants with a more positive attitude towards machine translation 

rate machine-translated sentences as requiring “manual retranslation from scratch” 

less frequently than individuals with a less positive attitude? Do participants with a 

more positive attitude towards machine translation spend more time post-editing (first 

pass) the machine-translated sentences, self-revising their post-edited output, and 

doing task-related preparation than individuals with a less positive attitude? Do 

participants with a more positive attitude towards machine translation produce post-

edited output of better quality than individuals with a less positive attitude?)  

 their level of experience in translating patents (addressing sub-questions 3.4 and 3.5: 

Do participants with in-domain (patent) translation experience return higher post-

editing productivity and better post-edited quality than individuals without such 

experience? Do participants with in-domain (patent) translation experience make 

fewer post-editing errors related to meaning (in other words, accuracy-related) than 

individuals without such experience?)  

 their native or dominant language (addressing sub-questions 3.6 through 3.11: Do 

participants post-editing into their L1 return higher productivity and better post-edited 

quality than individuals post-editing into L2? Do participants post-editing into their 

L1 make more changes related to syntax and grammar (in other words, fluency-

related) to the machine-translated text than individuals post-editing into L2? Do 

participants post-editing into their L1 introduce fewer fluency-related errors during 

the task than individuals post-editing into L2? Do participants post-editing into their 

L2 make more accuracy-related changes to the machine-translated text than 

individuals post-editing into L1? Do participants post-editing into their L2 introduce 

fewer accuracy-related errors during the task than individuals post-editing into L1? 

Do participants post-editing into their L2 introduce fewer accuracy-related errors 

during the task than individuals post-editing into L1?).  
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5.3.1. Influence of Attitude towards MT 

The impact of translator attitude towards machine translation on post-editing productivity has 

already been highlighted by scholars like Hutchins (1986:330), Wagner (1987:73) and Krings 

(2001:15) in the earlier years of the MT resurgence. More recently, O’Brien (2010) includes 

positive attitude to MT as one of the desiderata for a good post-editor, particularly in the 

context of PE skills set and training. We have also seen the effect translators’ attitude towards 

MT may have on its adoption or otherwise in the focus group study of Cadwell et al. (2018). 

Furthermore, Daems et al. (2013) emphasize the importance of translator attitude to MT for 

the development of the translation industry.  

As discussed in Section 5.2.2, the participants’ responses to a Likert item in the pre-task 

questionnaire showed that the attitudinal scores of P3, M1, M2, M7 were higher than the 

median score of the group, while those of P2, M3, M4, M8 were lower. This observation was 

interpreted as the former four participants tending towards a relatively more positive attitude 

to MT than the latter four, thus providing the two attitudinal groups for comparison. 

In this part of the analysis, we attempt to ascertain whether the New Zealand-based 

professional translators in the present study, differentiated by their attitude towards MT, 

exhibit any differences in their post-editing process and product. The underlying assumptions 

are that translators who are more positively predisposed trust the MT output more, they are 

more tolerant of quirks in MT output and are prepared to spend time working on the MT 

output to produce their best post-edited version. As such, the measurements of interest are 

frequency of MT sentences rated as requiring complete retranslation, duration of first-pass 

PE, duration of self-revision, duration of task-related online research, and TER score (as a 

measure of edit distance or dissimilarity between the post-edited and reference sentences, 

with lower TER scores taken as indicative of higher resemblance and therefore of better 

‘quality’ of the post-edited output). 

The instances when participants rated the raw MT sentence as totally incomprehensible and 

needing manual translation from scratch are visualised in Figure 5.21. Reading directly off 

the chart, participants in the Positive group rated ‘Retranslate’ fewer number of times than 

those in the Negative (i.e., less positive) group, with the exception of M2 who matched M3 

from the Negative group in rating ‘Retranslate’ for five of the ten MT sentences in the text. 

Two participants in the Positive group (P3, M1) did not rate ‘Retranslate’ at all, while the 

Negative group all rated ‘Retranslate’ at least once. This observation appears to support the 
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assumption that individuals with a more positive disposition towards tend to be more tolerant 

of the peculiarities of MT output, and would not reject them outright so often. No statistical 

tests were attempted as the number of data points was very small.    

 

Figure 5.21. Distribution of ‘Retranslate’ rating for PE effort 

For the other four measurements of interest, the non-parametric Mann-Whitney U-test
71

 (also 

referred to as the Wilcoxon Rank Sum test) was applied, as we have a comparatively large set 

of 80 unique observations (made up from 10 sentences each post-edited by participants P3, 

M1, M2 and M7 who showed a more positive attitude to MT, and likewise from participants 

P2, M3, M4 and M8 who had a less positive one). Some may see these observations as not 

being strictly independent of each other since they were not derived from 80 different 

sentences or translators. However, as with most human PE and translation studies, it is not 

practical to have participants post-edit or translate just one sentence each to achieve 

independence in the puristical sense. While acknowledging this classic view, the observations 

are not regarded as particularly problematic in the present study as the data elicitation 

conditions had not been varied between sessions. The eight participants were subjected to the 

“same interdependence between the sentences” (Vieira 2016b:46).         

The input values for running the Mann-Whitney U-test were extracted for the relevant 

participants from Tables 5.23a and 5.23b in Section 5.2.4.2. The test aims to determine if the 

observed data provided any evidence that differences between the two groups are statistically 

                                                           
71

 The parametric t-test was not used as there was no information upon which any assumptions could be made 
about normality of distribution in our population.  
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significant. The outcomes of the Mann-Whitney U-test computed from SPSS 24.0 are 

summarized in Table 5.25 (for the detailed SPSS output, see Appendix N). 

 

Table 5.25. Mann-Whitney U-test outcomes for attitude to MT 

Based on the outcomes of the Mann-Whitney U-test, the data suggests that the positive and 

negative attitude groups are significantly different (2-tailed p-value <0.05) in the duration of 

their first pass post-editing and self-revision, as well as TER score. The mean rank readings 

indicate that the former group spent more time post-editing but less self-revising, yet 

achieved better results. This supports the assumption that individuals with a positive pre-

disposition are prepared to post-edit MT sentences at greater length and with more attention, 

thereby reducing the need for lengthy self-revisions, as well as producing final versions that 

are of higher quality (as indicated by TER scores) than their counterparts who perceive MT 

less favourably.  

There is, however, no evidence in this dataset to indicate that the groups spent significantly 

different amounts of time on online research activities such as checking dictionaries or 

searching for information about patents, although the mean rank for the group with the more 

positive attitude is marginally lower than that for the less positive one (40.18 vs 40.83). This 

absence of significant difference in online research time may indicate that research is a 

manifestation of the participants’ subject matter knowledge or thematic expertise, and 

therefore not so much to do with their attitude towards MT. 

5.3.2. Impact of Patent Translation Experience 

The next comparison to be made is between the group of participants who have, in the pre-

task questionnaire, indicated that they had prior patent translation experience and those who 

have not. Participants P2, M7 and M8 responded they had worked on three or fewer patent 

jobs in the twelve months immediately preceding their participation in the present study, 

while P3 selected the “More than 20 jobs” response (the highest in the multiple-choice 

p -value

Parameter U -statistic (2-tailed) Statistical inference +ve attitude -ve attitude

1st pass PE 

duration
586.0 0.039 groups are different 45.85 35.15

Self-revision 

duration
439.0 0.000

groups are very 

different
31.48 49.53

Online research 

duration
787.0 0.892 groups are not different 40.18 40.83

TER score 591.5 0.045 groups are different 35.29 45.71

Group mean rank
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answers listed) though his actual level of patent translation experience was considerably 

greater than twenty patent jobs a year. The others, namely M1, M2, M3, and M4, had not 

translated patents before. 

When comparing the participating translators with and without patent translation experience, 

the parameters considered are productivity (as in length of post-edited sentence divided by 

the total time spent on post-editing, self-revising and conducting online research for that 

sentence) and quality (as in the TER score from comparing each post-edited sentence against 

the original English text as the reference), as discussed in Section 5.1.5. As an additional 

indicator of post-editing quality, we also look at errors the translators made during the post-

editing task. The premise is that the lower the number of errors introduced, the better the 

quality of the post-editing. It has been suggested that individuals with domain expertise are 

better equipped than their lay counterparts to review terminology and specialist language in 

translation (Allman 2006:15), implying that those with domain experience have better 

knowledge of domain-related vocabulary. Our working assumption, therefore, is that the 

translators in our study with patent translation experience are more familiar with patent-

specific language and terminology. As such, they are less likely to make errors related to 

meaning and terminology than the others. For brevity, these errors are referred to as 

accuracy-related. As before, with 80 unique observations, tests for statistical significance are 

performed. The outcomes from the Mann-Whitney U-tests for the parameters being compared 

are provided in Table 5.26 (for the detailed SPSS output, see Appendix O). 

 

Table 5.26. Mann-Whitney U-test outcomes for patent translation experience 

These results indicate that, among our small group of translators, participants with patent 

translation experience were statistically more productive and made fewer accuracy-related 

errors than those without patent experience. The two-tailed p-values for the two parameters 

are both less than 0.05. In contrast, concerning PE quality as measured by TER score, the 

experienced group showed a lower (i.e., better) mean rank for TER scores than the group 

Parameter
U -statistic

p -value 

(2-tailed)
Statistical inference

Patent 

experience

No patent 

experience

Productivity 556.5 0.019 groups are different 46.59 34.41

TER score 715.0 0.413 groups are not different 38.38 42.63

Accuracy-related 

errors
599.5 0.043 groups are different 35.49 45.51

Group mean rank
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with no experience (38.38 vs 42.63), but the difference between groups is not statistically 

significant (p-value = 0.413). The distribution of the data for productivity and accuracy-

related errors are visualised as boxplots in Figures 5.22 and 5.23. 

 

Figure 5.22. PE productivity of groups with and without patent translation experience 

 

 

Figure 5.23. Accuracy-related errors by groups with and without patent translation experience 
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Reading from Figure 5.22, it can be seen that for productivity, the median of the group with 

patent experience is higher than the group without, but there is greater variation in 

productivity level among its members when compared to the non-experienced group. Within 

the group of participants who had no patent translation experience, however, more members 

tended to show lower rather than higher productivity.  

Similarly, in Figure 5.23, where PE quality as indicated by the number of accuracy-related 

errors, the median of the group with patent experience is not only lower than the group 

without, most of the post-edited sentences from the experienced group contain one or no 

accuracy-related errors. In contrast, most of the sentences from the non-experienced group 

contain more than one or two accuracy-related errors. 

The tentative conclusion that may be drawn from the data is that patent translation experience 

improves PE processing speed in this group, as well as improves PE quality in terms of a 

lower number of accuracy-related errors being made. These findings are within our 

expectations, but what makes them more noteworthy is that the MT passage for the PE task 

has actually been selected intentionally with linguistic accessibility to the non-specialist 

translator in mind (as discussed in Section 4.4.1). The fact that the participants with patent 

translation experience have still fared significantly better in the PE task than the ones without 

such experience suggests that the test set may still be prototypically ‘patentese’, despite our 

effort and attempt to select and provide a text accessible to all participants for the PE task in 

the present study. 

5.3.3. Impact of Working Language Directionality 

The final part of our analysis investigates the impact of directionality. The intention is to 

determine if L2 translators (with English as their second language) in the present study are as 

successful as L1 translators (with English as their first language) in carrying out the PE task 

in English, in terms of both the PE process and product. 

While it has been argued that the assumed superiority of direct translation into one’s L1 is 

“not supported by any scientific proof” (Pokorn 2005:119), others have suggested that non-

native speakers notice unnatural language less readily (Chesterman 2004:38) than native 

speakers. If indeed such a difference exists between post-editing into one’s first or second 

language, we might expect our participants working into their native or dominant language 

(L1=EN) to be more equipped to discern problems related to fluency (i.e., use of language, 



 

222 
 

grammar, syntax) in the MT output and, as such, tend to make more fluency-related changes, 

everything else being equal.   

It has also been suggested, though not statistically proven, that source language skills are 

linked directly to the number of accuracy errors made by lay post-editors (Mitchell 

2015b:169). If this association extends to professional post-editors as well, then the 

translators in the present study working out of their dominant or stronger language (L1=ZH) 

might more readily detect deficiencies related to accuracy (i.e., nuances in meaning, 

completeness of semantic transfer) and, as such, make more accuracy-related changes when 

post-editing the raw MT output.  

By the same token, the L1=EN group will tend to make fewer fluency-related mistakes as 

they are producing text in English which is their stronger (or dominant) language, while the 

L1=ZH group will likely show fewer accuracy-related errors as it is easier for them to 

comprehend the text in Chinese which is their stronger (or dominant) language. Vieira has 

recently reported corroborating findings that source language proficiency affects the quality 

of post-edited sentences significantly, in terms of translation accuracy (2017a:183). 

Moreover, one may also argue that as the L1=ZH group finds it less natural and/or more 

challenging to compose in English, they may resort to consulting online MT websites more 

frequently to help them articulate ideas and concepts in order to produce text in their weaker 

language.  

Therefore, parameters of interest in our analysis are accuracy and fluency-related edits, and 

accuracy and fluency-related errors made by the participants, as well as time spent on online 

MT. In addition, to assess the relative success of the two groups (i.e., L1 versus L2 post-

editors) in performing the task, we also consider their productivity (number of words in post-

edited output ÷ time taken) and the output quality (TER score). The Mann-Whitney U-test 

outcomes are summarized in Table 5.27 (for the detailed SPSS output, see Appendix P). 

The results show that the participants in our study are not statistically different in any of the 

parameters investigated, as the p-values are all greater than 0.05. The difference for the only 

parameter which may be interpreted as real (i.e., not happening by chance) is fluency-related 

errors, as the p-value 0.058 is very close to the arbitrarily but generally accepted 5% level 

(highlighted in yellow). Judging by the group mean rank of 36.45 versus 44.55, the L1=EN 

group has introduced less fluency-related errors during the PE task than the L1=ZH group. 

We may speculate that this is indicative of a limited level of empirical, albeit not statistical, 
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support for the expectation that the L1 English-speaking participants in our study made less 

fluency-related errors than their L2 counterparts. 

 

Table 5.27. Mann-Whitney U-test outcomes for directionality  

In sum, we may draw the conclusion that, for the criteria we have set in our study, whether 

the translators are L1 or L2 English speakers makes no statistically significant difference to 

how well they perform as post-editors into English. Similar to the results reported in Garcia 

(2011) on experiments investigating Chinese translation students post-editing into their L1 

(Chinese) and L2 (English), post-editing of machine translation appears to somewhat level 

the playing field between native and non-native English-speaking translators. More recently, 

in an experiment using professional translators working with the Chinese-Brazilian 

Portuguese languages, da Silva et al. (2017) reported that there is no significant difference in 

post-editing speed in either language direction. It therefore appears that directionality does 

not impact post-editing significantly, for both the trainee translators in Garcia’s experimental 

study and the professional translators in that of da Silva et al., as well as the professionals in 

the present observational one. In so saying, prevailing wisdom on L1 adherence needs 

reconsideration.  

5.4 Towards Post-editor Aptitude Profiling    

As an initial attempt to provide a preliminary basis towards building a profile for the 

hypothetical ideal post-editor, key pieces of information for each participant from different 

p -value

Parameter U -statistic  (2-tailed) Statistical inference L1=EN L1=ZH

Productivity 662.0 0.184 groups are not different 43.95 37.05

Accuracy-related 

edits
716.5 0.420 groups are not different 42.59 38.41

Fluency-related 

edits
785.5 0.888 groups are not different 40.14 40.86

TER score 745.5 0.600 groups are not different 39.14 41.86

Accuracy-related 

errors
717.0 0.399 groups are not different 38.43 42.58

Fluency-related 

errors
638.0 0.058 are groups different? 36.45 44.55

Duration of online 

MT consultation
727.0 0.393 groups are not different 38.68 42.33

Group mean rank
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data streams are extracted to synthesise a composite picture (see Table 5.28). The 

characteristics included for consideration are dominant working language, formal translation 

training, translation throughput (all from Table 5.17), use of TM and online MT (from Table 

5.18), attitude towards MT (from Table 5.19), and self-revision behaviour (from Figure 5.3). 

Based on whether the percentage of task time spent on self-revision is more or less than the 

group mean, each participant’s self-revision behaviour is categorised as either “Reprise” or 

“DRIFT” (Do it Right First Time)
72

. “Reprise” describes participants who tend to revisit 

sentences over and over (suggesting they want to ensure that everything is fine), while 

“DRIFT” indicates those who are more frugal with revisits to sentences (suggesting they tend 

to feel confident they have done things right the first time round). All the details under 

consideration are arranged based on participant’s overall position in the scorecard, with their 

corresponding individual ranks for TER and productivity also included (both from Table 

5.16). 

Immediately apparent is that (self-professed) ‘Dominant working language’ is not clustered 

in anyway in relation to the participants’ ‘Overall position in Scorecard’. This goes towards 

affirming the Mann Whitney U outcomes (see Table 5.27) which suggest the absence of 

significant impact of directionality on the selected aspects for PE success. Also evident is that 

the better-performing participants overall (P3, M4, P2, M7) have all received formal 

translation training, translate more than 50,000 words a year, and are comfortable with 

translation technology as evidenced by their usage of translation memories and online MT.    

The situations with attitude or general disposition towards MT and self-revision are less 

obvious. At first glance, there seems to be no discernible pattern in relation to the overall 

scorecard position. However, if TER ranking is considered, it can be seen that the participants 

(P3, M7, M2, M1) who are positively disposed towards MT are the ones who ranked highest 

for this measure of quality (see Figure 5.14). In terms of self-revision behaviour, three (P3, 

M7, M1) of the four participants with the DRIFT profile ranked number 1, 2 and 4 for quality 

as indicated by TER. The odd-one-out DRIFT participant M3 has the worst TER score, even 

though he was one of the fastest post-editors. We have speculated earlier that M3’s 

specialisation in translating literary texts might have negatively impacted his translation of 

the patent text in the present study (see Section 5.2.6), culminating in a target text sufficiently 

dissimilar to the reference to warrant the worst TER score and ranking (see Section 5.1.5.4). 

                                                           
72

 Doing things right the first time, every time, is one of the tenets of Quality Management, together with 
concepts such as Zero Defects (Crosby 1996: 5) and Just in Time. 
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Table 5.28. Post-editing aptitude profile 

The comparative profiles in Table 5.28 provide empirical reminders for some notions that 

may be obvious, but may also be in danger of being taken for granted or ignored for one 

reason or another. The need to consider both productivity and output quality when assessing 

PE performance cannot be over-emphasised, as seen in the frequent discrepancies between 

participants’ ranks for quality (as assessed by TER) and for productivity. A positive attitude 

to MT alone does not predict a good post-editor. Other factors are at play and they need to be 

identified and taken into consideration. Perhaps the most pertinent and interesting 

observation, in the New Zealand context, is the potential importance of formal translation 

training. At the moment, such training at the tertiary level leading to a translation degree is 

still relatively limited and the infrastructure is not particularly well-established. Whether and 

how this situation may change remains to be seen. 

In sum, the information distilled from several data sources suggest that, as a starting point, a 

successful post-editor is likely to be a formally trained translator with substantial translation 

experience, open to and familiar with translation technology, and has the self-confidence to 

work decisively and incisively on the PE task. Although this profile is neither surprising nor 

new, it nonetheless has an empirical basis in the present case. While intensive research on 

Characteristic P3 M4 P2 M7 M8 M2 M1 M3

Overall position in 

Scorecard
1st 2nd 3rd 3rd 5th 6th 7th 8th

   Quality rank (TER) 1 5 7 2 6 3 4 8

   Productivity rank 1 4 2 5 6 8 7 3

Dominant working 

language

Target 

language

Source 

language

Target 

language

Source 

language

Target 

language

Source 

language

Target 

language

Source 

language

Disposition towards 

MT
Positive Negative Negative Positive Negative Positive Positive Negative

Formal translation 

training
Yes Yes Yes Yes No No No Yes

Annual translation 

throughput (words)
>50,000 >50,000 >50,000 >50,000

5,000 - 

20,000
<5,000 <5,000

5,000 - 

20,000

Use of technology

   MT (online) Yes Yes Yes Yes Yes Yes Yes No

   TM Yes Yes Yes Yes No No No No

Self-revision 

behaviour*
DRIFT Reprise Reprise DRIFT Reprise Reprise DRIFT DRIFT

* DRIFT = doing it right first time

Reprise = habit of repeating an action

Participant



 

226 
 

translator and translation competence (e.g., PACTE Group
73

, EMT Expert Group 2017) has 

been ongoing for many years, the correlation(s) with a specific post-editor competence model 

is not well-explored. The simplistic profile derived in the present study may contribute to the 

development of a diagnostic test to identify individuals with the relevant aptitude as post-

editors. Such profiling may be a useful approach towards more efficient and targeted PE 

training. This point will be revisited in Section 6.4.   

                                                           
73

 http://grupsderecerca.uab.cat/pacte/en/content/translation-competence-and-acquisition-translation-
competence (visited 24.07.2018) 

http://grupsderecerca.uab.cat/pacte/en/content/translation-competence-and-acquisition-translation-competence
http://grupsderecerca.uab.cat/pacte/en/content/translation-competence-and-acquisition-translation-competence
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Chapter 6. Conclusion 

This chapter draws the thesis to a close by summarizing the findings for the three research 

questions. We also reflect on the limitations of the study and the contribution the present 

research makes to the body of knowledge in this particular sub-field of MT, before offering 

some suggestions for future research.  

To recapitulate, the three main research questions in the present study are: 

RQ1: How do professional translators in New Zealand who translate from Chinese to 

English post-edit a technical text machine-translated into English? 

RQ2: How do subjective self-reported and objective measured data generated in the 

 study correlate? 

RQ3: How do participants’ attitude towards machine translation, their in-domain 

 translation experience and dominant language impact post-editing performance? 

In addressing these questions, task-related behaviour of a group of New Zealand-based 

Chinese-to-English (ZH-EN) professional translators was captured when they post-edited a 

patent text in English. For the participants, the post-editing (PE) task may be seen as an 

associated yet new professional activity, as all except one are yet to offer PE service to 

customers. At the time of their participation in the present research, none of the participants 

have had any formal PE training. In the interest of ecological validity, no restrictions were 

imposed on task time, and participants were permitted to self-review their work-in-progress 

any time in any manner they chose and to consult on-screen and online resources freely. 

Moreover, in order not to burden the participants with too much unfamiliarity within the time 

frame planned for the task, PE was carried out on a Word document in a Windows 

environment, working on the assumption that the participants are all already well-versed with 

Windows-based word processing functionalities in practising their profession.      

6.1. Findings Overview 

An overview of the key findings from analysing the data elicited from the present cohort of 

participants is provided below. Each sub-section corresponds to one of the research questions 

regarding: how the PE task was carried out in terms of the process and product, whether and 
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how the various PE effort indicators correlate, and whether and how selected participant 

attributes impact their PE performance. 

6.1.1. Post-editing Process and Product 

To answer the first research question RQ1, we looked into aspects of both the PE process and 

the product, including productivity and final quality. Participants varied in the total time they 

took to complete the task of post-editing 332 machine-translated English words, with 

durations ranging from 26.0 minutes (participant P3) to 79.6 (participant M2). Post-editor 

variation has also been reported in other studies (e.g. Koponen 2012, Koehn and Germann 

2014, Cadwell et al. 2016). For the group of eight, the mean duration was 55.7 minutes 

(median = 58.4). Their extrapolated daily productivity level (i.e., post-edited sentence length 

÷ duration x 60 minutes x 8 hours) ranged from 1,976 words per day (participant M2) to 

6,656 (participant P3), with a mean output level of 3,256 words per day (median = 2,824) for 

the group. Using the PE productivity of 5,000 translated words a day (Joscelyne and Brace 

2010:6) as the yardstick, the average productivity of the present group of untrained post-

editors is low, but still higher than the industry benchmark of 2,500 words per day for manual 

translation (ibid.:31). On an individual basis, the most productive participant among the 

present group is 33% ahead of the 5,000-word industry threshold. 

Overall, task time was divided into 13.5% spent on preparation and research, 71.5% for the 

first PE pass through the test dataset, and 9.8% for self-revision and review (see Figure 5.1). 

The rest of the time (5.2%) was used to rate the MT sentences for perceived PE effort, to 

navigate through the task form and for other administrative activities, all of which do not 

concern our research interest. As seen with task duration, considerable individual variation 

was also observed in how participants utilised/divided their time during the task. Of note is 

that six of the eight participants (except P3 and M3) used the online MT systems Google 

Translate and Youdao fanyi rather conspicuously. Gaspari et al. (2015) also encountered the 

liberal use of online MT systems among their translators, although Zapata (2016) and Daems 

et al. (2016) reported that their respective participants consulted bilingual concordancers 

more frequently instead. Unexpected anomalies observed in the present group of participants 

include: M3 did not access the Internet at all during the task, while M1 did not read the task 

instructions provided but plunged straight into post-editing.  

In post-editing the 332-word test dataset, the eight participants made a total of 1,058 textual 

changes, with a group mean of 132.3 edits. Of these changes, approximately 45% were 
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substitutions, 25% were deletions, 17% were insertions, and 13% were re-ordering (see Table 

5.8). In a similar edit-type analysis, Aranberri (2017) also found substitutions (which 

Aranberri referred to as replacements) to be the most frequent type of PE action. Of note is 

that all participants in the present study, more or less, showed the same distribution pattern of 

edit types. This could mean that the participants in the present study, despite their dissimilar 

demographics and biographics, had adopted the same strategies to post-edit the given text. 

Alternatively, they might have used different PE strategies, but had arrived at a similar 

outcome in terms of the edit type distribution.        

During the course of post-editing the given MT text, the participants introduced 107 errors in 

total. Of these, 73 of the errors were related to accuracy (i.e., meaning mismatch: 43 deletion, 

10 addition, 20 alteration), 24 related to fluency (i.e., language usage: 11 grammar, 4 

punctuation, 9 spelling), 5 related to unfamiliarity with terminology, and 5 miscellaneous. At 

the same time, the participants did not recognise and therefore did not rectify some other 

errors that were present in the MT sentences. Of the 23 such ‘missed’ instances, 16 were 

related to accuracy and 7 fluency. The total number of PE errors, committed and omitted, was 

130. Disregarding miscellaneous and terminology-related errors (5 each), accuracy-related 

errors dominate over fluency-related ones by about three to one among this group of 

participants. The highest individual error count was 29, contributed by participant M3. The 

lowest individual error count was 5, returned by both P3 and M4.      

As another measure of PE quality, the final post-edited sentences produced by the eight 

participants were evaluated using AEM. On the sentence level, the most favourable TER 

scores were obtained by participant P3, who was also one of two translators making the 

lowest number of PE errors in the task. The least favourable scores were obtained by M3, 

whose post-edited output contained the highest number of errors. All the BLEU and TER 

scores on the document level (i.e., all ten MT sentences from each participant taken as a 

whole), except one, were better than the baseline score of the raw MT output. The odd-one-

out was M3, whose BLEU score was worse than that for the raw MT. For the present dataset, 

the document-level BLEU and TER scores exhibited a high and statistically significant 

inverse linear association (r = -0.8052, p = .004), in spite of the small sample size. 

6.1.2. Correlations of Post-editing Effort  

For the second research question RQ2, looking first at the sentence level (ten per participant, 

n=80), a weak but statistically significant linear relationship was found between perceived PE 
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effort, which may represent cognitive effort, and actual PE time, the measure of temporal 

effort. This association was observed both for first PE pass alone and for first PE pass plus 

self-revision, replicating to some extent findings from prior studies where PE time correlated 

strongly with perception of PE effort (e.g., de Sousa et al. 2011). A likewise weak yet 

significant correlation was seen between perceived PE effort and the manually annotated 

number of edits, a proxy for technical effort. The observed correlations in the present study 

suggest that when the participants rated each sentence for PE effort, they were generally 

cognizant of the amount of time they spent on the sentence as well as the number of changes 

they made to it.  

Perceived PE effort did not correlate with TER scores in the post-edited sentences, which is 

not entirely a surprise as the metric is meant to indicate the minimum number of edits, not to 

measure the actual number of changes the participants made to each sentence, which may not 

be the minimum. Nevertheless, Moorkens et al. (2015) reported that the predicted level of PE 

effort, estimated before their participants actually carried out the task, did correlate strongly 

with TER scores in their study.  

In the present study, no significant correlation was found between PE effort ratings and the 

number of words the sentence contained, replicating the result reported in Moorkens et al. 

(2015), but unlike the finding of Koponen (2012) where longer sentences were perceived to 

require more effort regardless of how much effort was actually expended to post-edit it. The 

absence of association suggests that PE effort perception among the present group of 

participants was not influenced by how long each sentence was.  

At the document level (one per participant, n=8), however, no statistically significant 

evidence was found for any correlation between perceived PE effort and PE time, or 

manually annotated edit event count, or TER scores. The lack of correlation is within 

expectations, as PE effort was rated on a per-sentence basis and aggregating them into a total 

score for each post-edited document in the present study may have masked the sensitivity of 

the effort rating. Besides, it is not uncommon for smaller samples to fail tests of statistical 

significance due to greater susceptibility to noise.       

Apart from that, another correlation observed at the sentence-level was that first pass PE 

duration correlated strongly and very significantly with first pass PE duration plus self-

revision. This suggests that the present group of professional translators, demographically 

and biographically heterogeneous though they may seem, have generally been consistent in 
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the relative amounts of time they spent in post-editing the given text and self-reviewing their 

own output. Moreover, the correlation between MT sentence length and PE sentence length 

was also strong and highly significant. The participants therefore appeared to have generally 

adhered to the task instruction to use as much of the machine-translation as possible when 

post-editing. A strong and highly significant correlation was similarly found between MT 

sentence length and the number of edit events, while the correlation between PE sentence 

length and the number of edit events was not as strong but still statistically significant. This 

indicates that MT sentence length has the potential to be an estimator of technical PE effort in 

our present set up. 

A statistically significant but weak correlation was observed between PE duration and 

number of edit events, suggesting that in the present study, the association between temporal 

and technical PE effort is not strong. Likewise, correlation between PE duration and sentence 

length is weak, albeit statistically significant. As such, temporal effort is not well-predicted 

by sentence length either. More interestingly though, the sentence-level data from the present 

study showed a complete absence of linear correlation between TER score and all the 

parameters investigated, casting some doubt on the metric’s applicability as a measure of PE 

effort. Prior PE studies that used TER as a measure of effort reported mixed results. Among 

those which found correlations between TER and other effort indicators such as PE time, 

manual insertions and deletions, and perception, are García Martínez et al. (2015) and 

Moorkens et al. (2015). Among those that found no correlations with PE time and fixation 

duration is Alves et al. (2016) for static PE, in other words, non-interactive human post-

editing.       

6.1.3. Post-editor Attributes 

In terms of the third research question RQ3, participants with a more positive attitude 

towards MT tended to rate MT sentences as requiring complete re-translation less often than 

individuals with a less positive disposition towards the technology. Separately, statistical 

analyses provided evidence to indicate that individuals more favourably disposed towards 

MT spent more time on post-editing the MT sentences (as in longer first PE passes), but less 

time on self-revision (as in shorter duration in self-revision passes) than those who viewed 

MT less positively. Yet, the former group produced better quality in their post-edited product 

(as evaluated by TER) than the latter. There was no evidence that either group spent more or 

less time on preparing and doing research for the PE task. 
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In comparing the participants with (some) prior patent translation experience and those 

without, the data showed that the experienced group returned a higher level of productivity 

which was statistically significant. The four translators with prior patent experience also 

made significantly fewer accuracy-related errors than the four without previous in-domain 

exposure. However, in terms of PE quality (as evaluated by TER), no statistically significant 

difference was observed between the two groups. This suggests that prior experience in 

translating patents impacts PE productivity but not overall quality. 

With regards to the possible impact of language directionality, there was no statistically 

significant evidence in the data to support any assumption that participants post-editing into 

or out of their (self-professed) dominant working language (L1) performed differently in the 

task, in terms of productivity and output quality. Based on directionality, there was also no 

statistically significant evidence that the participants made a greater or lesser number of 

accuracy-related or fluency-related changes to the MT output, or that they spent more or less 

time consulting online MT systems like Google Translate and Youdao fanyi. Individuals 

post-editing out of their L1 were likewise not found to have made fewer accuracy-related 

errors during the task either. However, individuals post-editing into their L1 appeared to have 

made fewer fluency-related errors in the task than their L2 counterparts. There is a 94% 

probability that this observed difference was not due to chance, although this likelihood fell 

short of the generally accepted threshold of p ≤ .05 for statistical significance to be inferred.  

To summarise, findings from observing the group of professional translators who participated 

in the present research showed that, like numerous prior studies, there was much individual 

variation (cf. Koponen and Salmi 2015, Zaretskaya et al. 2016, Cadwell et al. 2016) in terms 

of how the PE task was carried out. However, for some aspects of the task, such as 

distribution of edit types and adherence to certain instructions, relative consistency across 

participants was observed. Attempts to correlate surrogate measurements for the three 

dimensions of PE effort defined in Krings’ framework likewise returned mixed results. The 

contradicting findings would lend support to the view currently held among some researchers 

that estimating PE effort is still in a state of flux (cf. Vieira 2017a). The data suggested that a 

positive attitude towards MT had a positive impact on PE quality, while in-domain translation 

experience increased productivity. Finally, the present study found no evidence to support the 

adage that L1 translators perform better than L2 translators, in post-editing a patent text 

machine-translated from Chinese into English. In fact, findings suggest that directionality has 

no practical impact on PE productivity or quality.        
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6.2. Limitations 

By its exploratory nature, the present study covered only one language combination (ZH to 

EN), a small test dataset (ten segments consisting of 332 English words) and a small group of 

participants (eight professional translators). Therefore, it cannot and does not claim any 

generalisability to other situations and circumstances without further and more extensive 

testing.  

The small sample size limits the type of statistical tests that could have been carried out, and 

also curtails the statistical powers of those tests that were applied. Running similar statistical 

tests as the ones in the present study on a larger sample may produce different results for the 

given effects. More observations would render regression analysis more worthwhile and 

meaningful, to mathematically identify which of the factors of interest, or predictor variables, 

have the most impact on the participants’ PE performance, as well as how such factors might 

interact with each other. 

Using the results from the pilot study was not initially intended. Their inclusion was largely 

precipitated by attrition as the study progressed, due to the withdrawal of two main study 

recruitees and the exclusion of unusable data from another two main study participants who 

did not complete the task. The two pilot study participants whose data were subsequently 

included for analysis in the main study were as suitable and qualified to participate as their 

counterparts in the main study. Furthermore, the data elicitation process, methods and tools 

used in both the pilot and main studies were to all intents and purposes identical, apart from 

minor adjustments which did not have material impact on the analyses and the outcome. The 

data from the pilot participants were therefore deemed comparable and valid for 

amalgamation into the main analysis.        

The displacement surrounding the input text fed into the customised MT engine in the present 

study (see Figure 4.3) may be seen as a potential threat to construct validity. Having said that, 

difficulties to effectively control or exactly pinpoint the exact origin of input texts present an 

inherent risk with much of MT research. One can only be completely certain of the origin of a 

text if one had authored or produced it oneself, which oftentimes is not an option with large 

corpora. In fact, the prevalent disinterest among MT developers with regards to the source of 

big data used in MT research and development has recently been raised as a concern 

(Doherty 2017:135-136). Additionally, in the present study, a ZH-EN WIPO translator 

independently reviewed the switched source text used and remarked that, in the light of the 
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peculiarities of patent language, our source text could have been taken for a patent document 

originally written in Chinese. Moreover, the participant who had the most experience as a 

patent translator stated that it is not uncommon for clients to request for back translations of 

patent documents as a translation job. The participant had been commissioned, on numerous 

occasions during his career as a professional patent translator, to produce a translation of a 

translation. Nonetheless, if it were possible to carry out the study again, the present 

researcher would have been more sensitive to the provenance of materials provided.    

It is possible that deeper insight could have been obtained through the cued post-task 

interviews about why participants post-edited the way they did, if the researcher were able to 

review the screen logs at length before the interviews were conducted. It would have allowed 

the framing of more targeted questions to each participant to probe the rationale for their 

editing actions. This would mean that participants needed to return on a subsequent occasion 

for the interviews, which was not provided for in the research design. In such an event, 

though, participants’ recall of the reasoning for their PE actions would be at a higher risk of 

being incomplete or contrived with more time having elapsed after the task.     

Manually transcribing the screen logs and coding the textual changes seen in the post-edited 

texts (when compared to the MT output) were both laborious steps in the present study. 

Unless the data preparation and processing phase can be automatized (at least partially), or 

such research is carried out in a team or collaborative environment, the time required to 

transcribe and code by an individual researcher would limit the scale of such investigations.  

The present researcher being the only one to code the editing changes may be deemed as 

insufficiently independent, but for pragmatic reasons, it was not possible to involve other 

coders. To safeguard against subjectivity, the present researcher meticulously followed a 

detailed typology when coding the editing changes made to the MT output by the 

participants, as well as their PE errors. In addition, several rounds of coding and checking 

were carried out to ensure annotation accuracy and consistency.           

In the present study, participants’ working language proficiencies were self-reported. It 

would have been desirable to independently assess and/or verify language competence of 

participants in studies such as the present one. This consideration of pre-testing language 

proficiency assumes greater pertinence if a larger number of participants were recruited from 

several markets, as opposed to recruiting a small number of translators from a single market 

like New Zealand. In our case, six of the eight participants contributing data for analysis met 
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at least one of the following criteria as indication of proficiency for the present purpose: 

NZSTI membership, NAATI certification, or Postgraduate Diploma in Translation from UoA. 

With regards to the other two contributing participants without such credentials, their being 

recommended by the translation company they were contracting for must have been based on 

the track record of their performance as ZH-EN translators.  

6.3. Contribution and Implications 

In New Zealand, a country the very origin of which is based on the translation of the 

founding document — the Treaty of Waitangi — it seems only fitting that much more 

attention be paid and much more effort be placed on advancing the field and the industry. The 

present study is the first of its kind conducted in New Zealand. Although the study has a local 

focus, it is hoped that it may find applicability elsewhere in countries and situations with 

similar characteristics. The study involves only eight participants, but this sample size is not 

out of line when compared with other PE studies (see Table 3.1). Moreover, the method of 

recruitment suggests that this small group is arguably representative of the ZH-EN 

professional translators based in New Zealand.  

The topic of research is timely in the current climate in which post-editing is an emerging 

practice in New Zealand, thus prompting local training needs going forward. There is an 

increasing impetus to uphold quality in translation and interpreting services, as exemplified 

by the New Zealand government’s efforts in the ongoing Language Assistance Services 

Project, jointly spearheaded by the Ministry of Business, Innovation and Employment and the 

Department of Internal Affairs. Awareness is also growing for the need to engage with 

Culturally and Linguistically Diverse Communities, especially in the context of crisis 

management, as evidenced by New Zealand’s involvement in global projects like the 

International Network on Crisis Translation INTERACT (O’Hagan 2018), in which MT plays 

a partial yet important role. Moreover, local translation providers in New Zealand are 

beginning to use MT, which means that PE will increasingly become a mainstream service 

offering to translation customers. In fact, due to the increasing prevalence of MT, many are 

already in effect performing PE without overtly labelling the activity as such.     

Ecologically valid methods have been used in the study, as far as practicable, to reflect real 

world scenarios, although such an approach has come at some cost to construct validity. 

Capturing the entire sequence of events better reveals what PE actually entails, as opposed to 
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disassociating PE from the rest of the related activities. By considering the PE product, the 

PE process, and some of the translators’ attributes, the present study adds to the less 

frequently undertaken research direction that attempts to connect multiple perspectives, as 

opposed to confining investigations to Krings’ well-tested framework of tri-dimensional PE 

effort.       

By using a patent text, one of the most machine-translated domains yet a relatively 

uncommon text type in PE research, the present study also provides empirical evidence to 

demonstrate the practical potential for post-editing of patents in the increasingly sought after 

language pair. Productivity levels higher than the accepted human translation benchmark and 

quality levels greater than the MT baseline are shown as achievable, with our untrained post-

editors. When trained, it is more than likely that experienced patent translators, regardless of 

L1 or L2 directionality, will be able to significantly increase their productivity whilst 

maintaining or even improving output quality, assuming an increasingly well-trained high-

quality MT engine for patents is available. More to the point, if patent translators early in 

their careers were introduced to and get trained in patent PE, it may help hasten the gestation 

to develop from nascent to adept practitioners to meet the perennial demand for good patent 

translators in this innovative and rapidly technologizing world. For now, though, this belongs 

within the realm of speculation. 

The findings from the present study complement and broaden the scope of previous PE 

research by providing insights into the comparatively less investigated language pair of 

Chinese and English. The treatment in the present thesis of post-editing into a non-native 

language, a practice often shunned in translation itself, adds to the small but emerging body 

of knowledge on L2 practice in the profession. 

The present research was therefore well-motivated. We have framed the study within a 

contemporary and timely backdrop of post-editing machine translation by New Zealand 

professional translators, setting it in a naturalistic research environment, and have based it on 

a highly relevant yet not frequently researched text type. We have considered not just the 

editing part of post-editing but its surrounding tasks as well, providing a more holistic 

perspective of post-editing. We have worked with an increasingly popular and yet again not 

frequently researched language combination, and have focused substantial attention on the 

hitherto marginalised issue of L2 translation. We have also introduced a potential new metric, 

edit density indicator EDI (see Section 5.1.3), to describe the amount of editing performed on 
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a machine-translated sentence, and proposed an initial aptitude profile (see Table 5.28) which 

may contribute towards identifying among individuals those who are best-suited as post-

editors. Both these elements have scope for further refinement and development. In the 

process, minor concessions had to be made in research design and there was some trade-off in 

terms of data trustworthiness, but then, research involving human participants can hardly ever 

be perfect.  

Gaining better insight into the human side of the spectrum of human-machine cooperation in 

translation is implicit in the research questions. By the outcome summarised above, the 

present study into human post-editing has achieved the goal of obtaining a better 

understanding of how the humans carried out the assigned task, and thereby situating itself 

within the realm of TCI — translator-computer interaction (O’Brien 2012). Over and above 

the outcome, the design and the conduct of the study may also be considered human-

technology cooperation from a more generic perspective, as the methods and materials used, 

and the manner in which the study design was effectuated all revolved around humans 

engaging with technology. The study, in its intended form, would not have been possible 

without either the humans or the technology.  

6.4. Future Research 

The present exploratory study foreshadows a number of avenues for further investigation. Its 

two most fundamental shortcomings are the small sample size and the potential threat posed 

by the source text switch. It would be desirable to repeat the study with a larger group of 

participants, controlled for patent translation experience, and a larger test set derived from the 

machine-translated English output of a patent document authored in Chinese. This would not 

only verify, or otherwise, the findings of the present study, but would allow more 

unequivocal identification of processing patterns and recurrent strategies seen among 

participants. In turn, this will enable better profiling of the participants which will contribute 

towards establishing the most suitable and effective means of PE training. 

Beyond that, the present study does not consider non-linearity in the relationships among the 

different variables of interest. Future work could incorporate provisions to examine this 

aspect, as it is likely that correlations other than linear ones exist in post-editing of MT. 

To assess PE quality, the present study only utilised two objective means, namely AEM and 

analysis of PE errors. It might be worthwhile in future work to involve human evaluators if 
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resources were available, to engage and train them adequately to assess final PE output so as 

to determine whether objective evaluation reflects human assessment. In the event the two 

methods coincide, then objective means can be used with greater confidence. If they do not, 

more research can be carried out to determine how and why they differ, and what can be done 

to reduce the gap. 

The present study was driven by the edit actions taken by the participants, as indicated by 

each textual change observed in the post-edited output when compared to the MT output on 

the word and phrase level. Incorporating keystroke data would facilitate more fine-grained 

investigations of the editing changes made, which may yield further insight into the PE 

process. 

Apart from taking perceived PE effort rating as the proxy for cognitive PE effort, the present 

study does not investigate this dimension of PE effort at any great length. Future work which 

takes pause data derived from keystroke logging into consideration would facilitate a more 

extensive examination of cognitive PE effort, including the correlation with perceived effort 

rating. In-depth investigation into cognitive effort using eye-tracking data would also be 

useful. 

Going beyond eye tracking, research into cognitive aspects of translation, or “cognitive 

translatology” (Muñoz Martín 2010:169, emphasis in original) are beginning to include 

diagnostic techniques such as electro-encephalography and functional magnetic resonance 

imaging to measure brain activity during translation. For now, the uptake of these 

sophisticated tools in PE and translation research is still not wide-spread, as evidenced by the 

paucity of published papers documenting their inclusion as investigative methods. What these 

borrowed methods can bring in general to translatology — “the scientific study of 

translation” (Harris 1988:93, emphasis in original) — and in particular to PE research, is yet 

to be determined. Nevertheless, such and similar technology may provide the conduit to 

propel PE research towards maturity and finally emerge from the cocoon of Krings’ tri-

dimensional PE effort framework. 

Lastly, the initial post-editor aptitude profile proposed in Section 5.4 could be refined and/or 

developed into a diagnostic or screening tool for identifying and/or selecting translators with 

the most desirable attributes for PE. Such profiling could help inform more efficient and 

targeted PE training, which itself must now take into account the moving goalpost presented 

by rapid and significant improvements in translation quality derived from neural MT systems. 
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Year China Hong Kong Taiwan
Chinese-speaking

sub-total NZ Total % of total

2007/08 6070 133 161 6364 46077 13.8
2008/09 6790 125 134 7049 46097 15.3
2009/10 5909 108 149 6166 45719 13.5
2010/11 5262 147 119 5528 40737 13.6
2011/12 5412 192 146 5750 40448 14.2
2012/13 5794 198 136 6128 38961 15.7
2013/14 7488 188 158 7834 44008 17.8
2014/15 7305 230 126 7661 43085 17.8
2015/16 9360 278 199 9837 52052 18.9
2016/17 8141 199 174 8514 47684 17.9
10-year
total 67531 1798 1502 70831 444868 15.9

Notes:
1. Data was extracted from statistics published by New Zealand Immigration, available from

(visited 25 August 2017)
2. Numbers exclude visas issued in family sponsorship categories e.g. parents
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along with revised documentation. An extension can be granted for up to three years, after which a new 
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application must be submitted.

5. If you have obtained funding other than from UniServices, send a copy of this approval letter to the 
Manager - Funding Processes, UoA Research Office. For UniServices contracts, send a copy of the 
approval letter to the Contract Manager, UniServices.

6. Please note that UAHPEC may from time to time conduct audits of approved projects to ensure that the 
research has been carried out according to the approval that was given.
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Appendix C. English Original of Test Set in Main Study

Excerpted from Patent Publication No. CA 2566720 A1
Source: https://www.google.com/patents/CA2566720A1?cl=en



Appendix D. Post-Editing Guidelines (on first page of Task Form)

Post-editing raw machine-translated output

Please read the following instructions before starting the activity:

A. Post-editing guidelines

1. Aim for a grammatically and syntactically correct translation.
2. Ensure absolute accuracy and completeness of meaning.
3. Ensure no information has been accidentally simplified, omitted,

embellished or added.
4. Use as much of the raw machine-translated as possible.
5. Respect sentence breaks (i.e. periods) in the source text; for long

complex sentences, use other punctuation marks (e.g. semi-colons) to
improve comprehensibility.

6. Resolve any ambiguities, and conflicting or nonsensical expressions in
the raw machine-translated output.

7. Apply the basic rules of New Zealand English spelling, punctuation
and hyphenation.

8. Preserve the style and tone of voice of the original author.
9. Avoid making corrections of a purely stylistic nature.
10.If the raw machine-translated output does not make any sense at all, or

if there are multiple errors which involve rearranging most of the
sentence, do not post-edit. Please proceed, instead, to retranslate from
scratch.

B. Post-editing process

Following the post-editing guidelines provided above, please edit the raw
machine-translated sentences in the pages below. After you have finished
post-editing each machine-translated sentence, please evaluate the amount
of effort you think was needed to fix that particular machine-translated
sentence. To do so, please go to the "Rate PE effort needed for MT Output
Sentence" field, and select the option (by copying and pasting the 
symbol) that most closely reflects your assessment of the post-editing effort
required. Then use the Page Down key to navigate to the next machine-
translated sentence, and repeat the same process.



Appendix E. Test Set for Main Study

Source text

因此，该发明的目的是为了提供一种能够克服现有技术缺陷的交易记录系统。该发明的另外一个

目的是提供一种包括视频摄像机的交易记录系统，该视频摄像机安装在一个非常有效的位置，可

以理想的监控到交易的场景， 比如超市里的结账通道。该发明更深远的目的是提供一种有封装物

的交易记录系统，该封装物遮盖住视频摄像机使顾客不易察觉。该发明另外一个深远的目的是提

供一种有封装物的交易记录系统，该封装物可以改进现有的通路标志以及其他的交易设备或者销

售点设备。该发明还有一个深远的目的是提供一种可以影响在销售点的多个视频整合和存储处理

的交易记录系统。

相应的，该发明定位于一个应用于记录发生在销售点的交易记录系统。系统包括一个有视场的视

频采集设备，该视频采集设备采集、产生和传送表征该设备的视场的视频数据信号。而且，该视

频采集设备至少部分地密封在一个分离的封装物内，以及安装在一个位于相对于销售点的理想位

置。该系统还包括一个位于或者靠近于销售点的销售点处理系统，该销售点处理系统：1、接收视
频数据信号；2、处理视频数据信号；3、存储视频数据信号；4、传送视频数据信号，或者其中的
任何组合。该视频采集设备的视场在至少在一部分的交易发生过程中监控销售点的至少一部分。

(511字)

Target (machine-translated) text

Therefore, the purpose of this invention is to provide a kind of can overcome the defects of the prior art
transaction recording system. The invention has another purpose is to offer a kind of transaction record
includes a video camera system, the video camera is arranged at the position of the a very effective, can
be an ideal monitoring of the scene to the transaction, for example, in supermarket checkout channel. The
purpose of the invention a more far-reaching a package object is to offer a kind of transaction record
system, the packaging material covering the video camera so that the customer is not easy to detect. A far-
reaching the invention the purpose of the package object is to offer a kind of transaction record system,
the package can be improved and the sign of the other transaction device or point-of-sale equipment. The
invention also has a far-reaching purpose is to offer a kind of can affect a plurality of video at the point of
sale integration and storage processing of transaction record system.

Corresponding, the invention is positioned in a applied to recording the transaction recording system at
the point of sale. The system includes a video capture device having a field of vision, the video
acquisition equipment acquisition, characterization of generating and transferring of the field of view of
the video data signal. Moreover, the video acquisition device is at least partially sealed in a separation of
the encapsulant, and is to be installed in a desired position relative to the point of sale. The system also
includes a plurality of point-of-sale for located at or close to the point-of-sale processing system, the
point-of-sale processing system: 1, receiving video data signal; 2, processing video data signal; 3, stored
video data signal; 4, transmitting video data signal, or any combination of them. The video acquisition
equipment in the field of view of at least in a part of the transaction in the process at least a portion of the

monitoring point-of-sale. (332 words)



Appendix F. Introductory Overview of Patent Translation

Definition of patent
Patent = A grant made by a government that confers upon the creator of an invention the sole
right to make, use, and sell that invention for a set period of time (TheFreeDictionary Online)

Multilingual accessibility
 Patent information is important for communities all around the world who conceive,

produce and market new inventions
 Translations are needed to understand patent information written in foreign languages; to

apply for patents in foreign countries; and to defend the patent at the time of application
and against subsequent patent infringements

 Patent translations are therefore often used for legal purposes (as evidence during
litigation, for legal information, for filing)

Basic methodological requirements
 Reproduce original content without embellishment, simplification, amendment or

omission
 Maintain one-to-one correspondence between source and target as far as possible
 Respect sentence and paragraph breaks
 Be consistent in vocabulary and phrasing
 Produce a clear and readable target document using precise wording
 Provide appropriate annotation unless disallowed (as in translations for legal evidence)

Useful translation techniques
 Conserve core lexemes, but their form (like tense, number, part of speech) may be

changed to suit the situational context
 In exceptional cases when conserving core lexemes causes undue confusion or sound

highly unnatural, equivalent phrasing with different lexemes may be used (particularly if
such phrasing is functionally equivalent and well-established in the target language)

 For sentences that are too long for easy reading, semicolons may be used to divide the
sentence into manageable segments

Chinese patent applications
 In 2011, Chinese residents filed 415,829 patent applications, the most of any country in

the world for the second year running (World Intellectual Property Organization, September 2013)

 As this trend is likely to continue, the sheer volume necessitates the use of technology
(such as automated, or machine, translation) for gisting purposes. For those cases where a
good quality translation is required, machine translation with post-editing will be useful
in lightening the burden of human translators and improve turnaround time

Sources/further reading
 Cross, Martin. 2006. “Types of Patent Translation” in The ATA Chronicle (June issue)
 Cross, Martin. 2007. “Literal Translation of Patents” in Patent Translator’s Handbook
 Goto, Isao et al. 2011. “Overview of the Patent Machine Translation Task at the NTCIR-

9 Workshop”. In Proceedings of NTCIR-9 Workshop Meeting Tokyo.
 Wang, Dan. 2009. SIPO’s Efforts on Improving Quality of Chinese-English Patent

Machine Translation Service. Available from http://www.mt-archive.info/MTS-2009-
Wang-1-ppt.pdf

 WIPO. 2013. China Patent Collection Added to WIPO Patentscope. Available from
http://www.wipo.int/pressroom/en/articles/2013/article_0020.html



Appendix G. Comparable Patent Text

THIS INVENTION relates to a surveillance system. It relates in particular to a method of
monitoring a point of sale and to a point of sale surveillance system.

When a customer presents goods for payment and clearance at a point of sale, events
generally occur in a predetermined sequence with acceptable time tolerance between
events. Fraudulent conduct by operators at points of sale cause some losses to business.
Video surveillance can be used to monitor the activities at points of sale. The real time
monitoring of images and the scanning of recorded images for possible fraudulent
conduct can be costly in terms of supervisory time.

According to the invention, there is provided a method of monitoring a point of sale with
a continuous point of sale video surveillance system, the method including the steps of
monitoring the point of sale; and triggering a recording function in response to the
occurence of a predetermined event.

The method may include triggering the recording function in response to the occurence of
any one of a plurality of predetermined events. The predetermined event or events may
be defined as a predetermined sequences of events.

The method may include comparing the events monitored by the monitoring means with
events stored in a database to determine whether or not the events monitored by the
monitoring means constitute a predetermined event in response to which the recording
function is triggered.

Accordingly, the invention extends to a point of sale surveillance system, which includes
at least one video camera, set up to capture a visual image of the point of sale; an event
recorder operatively connected to the video camera, in use to record visual images of the
point of sale; and monitoring means for monitoring the point of sale and configured to
trigger recording by the event recorder in response to a predetermined event being
monitored.

Source: https://encrypted.google.com/patents/WO2003049057A1?cl=en



Appendix H. Test Set for Pilot Study

S1.发明内容 (4)
Content of the invention (4)

S2.因此，该发明的目的是为了提供一种能够克服现有技术缺陷的交易记录系统。(34)
Therefore, the purpose of this invention is to provide a kind of can overcome the defects of the prior art
transaction recording system. (23)

S3.该发明的另外一个目的是提供一种包括视频摄像机的交易记录系统，该视频摄像机安装在一个
非常有效的位置，可以理想的监控到交易的场景，比如超市里的结账通道。(74)
The invention has another purpose is to offer a kind of transaction record includes a video camera system,
the video camera is arranged at the position of the a very effective, can be an ideal monitoring of the scene
to the transaction, for example, in supermarket checkout channel. (48)

S4.该发明更深远的目的是提供一种有封装物的交易记录系统，该封装物遮盖住视频摄像机使顾客
不易察觉。(46)
The purpose of the invention a more far-reaching a package object is to offer a kind of transaction record
system, the packaging material covering the video camera so that the customer is not easy to detect. (36)

S5.该发明另外一个深远的目的是提供一种有封装物的交易记录系统，该封装物可以改进现有的通
路标志以及其他的交易设备或者销售点设备。(61)
A far-reaching the invention the purpose of the package object is to offer a kind of transaction record
system, the package can be improved and the sign of the other transaction device or point-of-sale
equipment. (35)

S6.该发明还有一个深远的目的是提供一种可以影响在销售点的多个视频整合和存储处理的交易记
录系统。(45)
The invention also has a far-reaching purpose is to offer a kind of can affect a plurality of video at the point
of sale integration and storage processing of transaction record system. (32)

S7.相应的，该发明定位于一个应用于记录发生在销售点的交易记录系统。(31)
Corresponding, the invention is positioned in a applied to recording the transaction recording system at the
point of sale. (19)

S8.系统包括一个有视场的视频采集设备，该视频采集设备采集、产生和传送表征该设备的视场的
视频数据信号。(48)
The system includes a video capture device having a field of vision, the video acquisition equipment
acquisition, characterization of generating and transferring of the field of view of the video data signal. (32)

S9.而且，该视频采集设备至少部分地密封在一个分离的封装物内，以及安装在一个位于相对于销
售点的理想位置。(49)
Moreover, the video acquisition device is at least partially sealed in a separation of the encapsulant, and is
to be installed in a desired position relative to the point of sale. (31)

S10.该系统还包括一个位于或者靠近于销售点的销售点处理系统，该销售点处理系统：1、接收视
频数据信号；2、处理视频数据信号；3、存储视频数据信号；4、传送视频数据信号，或者其中的
任何组合。(90)
The system also includes a plurality of point-of-sale for located at or close to the point-of-sale processing
system, the point-of-sale processing system: 1, receiving video data signal; 2, processing video data signal;
3, stored video data signal; 4, transmitting video data signal, or any combination of them. (47)

S11.该视频采集设备的视场在至少在一部分的交易发生过程中监控销售点的至少一部分。(37)
The video acquisition equipment in the field of view of at least in a part of the transaction in the process at
least a portion of the monitoring point-of-sale. (29)



Appendix I. Transcribed BB Flashback Log of Participant M7
(For space reasons, only the transcription of M7 is appended. The transcribed logs of other participants are available on request)

Sentence 1

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Guidelines
Duration

Date
insert

79 click Maximize button Task form to full screen 0:00:07.18 0:01:59.55
166 click Restore Down button Task form to half screen

1394 start scroll down [from PE Guidelines] 0:02:06.73
1409 stop scroll down reach S1 0:02:08.09 0:00:20.00
1629 click date field 0:02:28.09 0:00:14.82
1665 insert 2 September 2014
1731 insert complete [include own typo error correction]
1750 click before '2' (2 September)
1758 insert Tuesday
1792 Cursor on Source Text S1 reach S1 0:02:42.91 0:02:44.64
2498 LeftClick select kind of
2560 [Del] delete kind of
2689 click after 'a' (provide a)
2701 insert new
2704 insert complete
2733 LeftClick select transaction recording system
2762 [Ctrl]+[X]
2776 click after 'w' (new)
2784 [Ctrl]+[V] transaction recording system
2830 insert that
3271 LeftClick select check mark 0:04:57.36 0:00:24.55
3294 [Ctrl]+[C]
3541 [Ctrl]+[V] S1 rating 2 (Some PE) 0:05:21.91
3603 [PgDwn] leave S1 0:05:27.55

0:02:40.09 0:00:24.55 0:00:02.18 0:01:59.55
Self-revision (review/refer only, no action)

5064 start scroll up [from S2]
5083 stop scroll up reach S1 0:07:42.09 0:00:02.18
5107 start scroll down leave S1 0:07:44.27



Sentence 2

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

3619 start scroll down
3655 stop scroll down reach S2 0:05:32.77 0:02:07.59
3993 enlarge Task Form window ⅔ page
4500 click before 'i' (purpose is)
4692 multiple [ArwRght] navigate to after 'e' (purpose)
4698 insert punctuation ,
4704 insert which
4710 insert complete
4888 LeftClick select kind of
4928 [Del] delete kind of
5064 start scroll up leave S2 0:07:40.36
5107 start scroll down [from S1]
5136 stop scroll down reach S2 0:07:46.91 0:04:17.73
5165 click after 'd' (record)
5204 insert ing system that
5366 insert complete
5550 LeftClick select system
5607 [BkSp] delete system
5642 insert punctuation .
5665 click after ',' (system,)
5679 [BkSp] delete punctuation ,
5717 [Del] delete t
5742 insert T
6154 click before 'p' (position)
6165 multiple [BkSp] delete the
6185 multiple [ArwRght] navigate to before 'p' (position)
6211 insert an effective
6265 insert complete [include own typo error correction]
6438 LeftClick select of the a very effective, can be an
6507 [Del] delete of the a very effective, can be an
6533 insert to
6564 click after 'l' (ideal)
6577 insert ly
7313 [Ctrl]+[Z] undo insert 'ly'
7318 [Ctrl]+[Z] undo insert 'to'
7343 insert to capture
7362 insert complete
7971 click Internet Explorer button launch browser 0:12:04.64 0:00:14.54
8018 insert search term goo
8028 [Ret] google.co.nz/ launch Google NZ homepage
8072 click Apps button drop down menu
8131 click Translate icon launch Google Translate homepage 0:12:19.18 0:00:11.64
8172 reduce Google Translate window
8189 Drag Google Translate window to right of Task form
8233 Resize Google Translate window to full height
8259 Cursor on Task Form focus on S2 0:12:30.82 0:00:06.36

8284 LeftClick select 该视频摄像机安装在一个非常有效的位

置，可以理想的监控到交易的场景

8326 [Ctrl]+[C]
8329 Cursor on Google Translate hompage focus on Google translation 0:12:37.18 0:00:18.82
8334 click Google Translate source text field

8341 [Ctrl]+[V] 该视频摄像机安装在一个非常有效的位

置，可以理想的监控到交易的场景

8536 click Task form back to S2 0:12:56.00 0:01:10.91
8993 LeftClick select effective
9316 Cursor on Google Translate hompage focus on Google translation 0:14:06.91 0:00:02.82
9328 clear Google Translate input text field
9347 click Task form back to S2 0:14:09.73 0:03:47.91

10140 LeftClick select monitoring of
10434 LeftClick select monitoring
10500 overwrite images
10516 overwrite complete
10680 LeftClick select scene to the
10833 LeftClick select scene to the
10877 [Del] delete scene to the
11122 click after 'n' (the transaction)
11150 insert scene
11167 insert complete
11319 click before 'i' (in supermarket)
11358 insert a checkout lane
11404 insert complete
11440 click before 's' (supermarket)
11443 insert a
11461 LeftClick select checkout channel
11478 [BkSp] delete checkout channel
11645 LeftClick select check mark 0:17:38.64 0:00:13.00
11666 [Ctrl]+[C]
11788 [Ctrl]+[V] S2 rating 4 (Significant PE) 0:17:51.64

Mummy
Typewritten text
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Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

11854 [PgDwn] leave S2 0:17:57.64
0:11:17.50 0:00:13.00 0:00:01.82 0:00:47.82

Self-revision (review/refer only, no action)
17512 start scroll up [from S3]
17533 stop scroll up reach S2 0:26:33.91 0:00:01.82
17553 start scroll down leave S2 0:26:35.73

Mummy
Typewritten text
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Sentence 3

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

11868 start scroll down
11891 stop scroll down reach S3 0:18:01.00 0:00:43.73
12348 LeftClick select 该发明更深远的目的是提供一种有封装

物的交易记录系统，该封装物
12371 [Ctrl]+[C]
12372 Cursor on Google Translate homepage focus on Google translation 0:18:44.73 0:00:12.72
12378 click Google Translate source text field

12386 [Ctrl]+[V] 该发明更深远的目的是提供一种有封装

物的交易记录系统，该封装物
12512 click Task form back to S3 0:18:57.45 0:01:00.64
12617 LeftClick select a more far-reaching
12665 [Ctrl]+[X]
12716 [Ctrl]+[Z] undo cut 'a more far-reaching'
12740 [Ctrl]+[C] a more far-reaching
12763 LeftClick select a more far-reachin
12804 [Ctrl]+[X]
12821 click before 'p' (purpose)
12828 [Ctrl]+[V] a more far-reachin
12841 click after 'e' (The)
12852 multiple [BkSp] delete The
12867 multiple [ArwRght] navigate to before 'a' (a more)
12881 [Del] delete a
12897 insert A
13012 click after 'g' (far-reaching)
13023 [BkSp] delete g
13156 LeftClick select 有封装物

13176 [Ctrl]+[C]
13179 Cursor on Google Translate homepage focus on Google translation 0:19:58.09 0:00:09.46
13195 clear Google Translate input text field
13202 [Ctrl]+[V] 有封装物

13283 Cursor on Task form focus on S3 0:20:07.55 0:05:57.54
13359 LeftClick select a package object
13380 [Del] delete a package object
13541 click after 'n' (far-reachin)
13550 insert g
13618 LeftClick select kind of
13640 [Del] delete kind of
13681 click after 'd' (record)
13692 insert ing
13716 click after 'm' (system)
13734 insert with a cover

14168 LeftClick select
, the packaging material covering the
video camera

14200 [Del] delete
, the packaging material covering the
video camera

14402 LeftClick select the (the customer)
14427 [Del] delete the
14451 click after 'r' (customer)
14455 insert s
14765 click after 'r' (cover)
14808 insert to the video camera
14854 insert complete [include own typo error correction]
14905 LeftClick select is not easy
15774 [Del] delete is not easy
15795 insert will not
15833 insert pause [include own typo error correction]
16089 insert resume be able to see
16122 insert complete
16132 multiple [Del] delete to detect
16165 multiple [ArwLft] navigate to after 'e' (see)
16189 insert the camera
16230 insert complete [include own typo error correction]
16822 LeftClick select A more far-reaching
16869 [Del] delete A more far-reaching
16889 click The
16896 Right click drop down menu
16923 click Reject Deletion restore 'The'
17188 LeftClick select 该发明更深远的目的

17212 [Ctrl]+[C]
17216 Cursor on Google Translate homepage leave S3 0:26:05.09 0:00:12.18
17238 click Google Translate source text field clear text
17247 [Ctrl]+[V] 该发明更深远的目的

17350 Cursor on Task form back to S3 0:26:17.27 0:00:14.73
17375 click before 'p' (purpose)
17512 start scroll up leave S3 0:26:32.00

Mummy
Typewritten text
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Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

17553 start scroll down [from S2]
17572 stop scroll down reach S3 0:26:37.45 0:01:45.91
17646 multiple [Del] delete The
17671 insert Another
17912 [Ctrl]+[Z] undo insert 'Another'
17931 multiple [Ctrl]+[Z] undo delete 'The'
17952 [Ctrl]+[Z] undo restore 'The'
17960 [Ctrl]+[Z] undo delete 'A more far-reaching'
18210 LeftClick select will not
18240 overwrite are
18262 [Del] x2 delete be
18282 insert un (unable)
18489 LeftClick select check mark 0:28:00.82 0:00:06.91
18510 [Ctrl]+[C]
18565 [Ctrl]+[V] S3 rating 4 (Significant PE) 0:28:07.73
18737 [PgDwn] leave S3 0:28:23.36

0:09:35.64 0:00:06.91 0:00:19.00 0:00:34.36
Self-revision

35013 start scroll up [from S4]
35050 stop scrolling reach S3 0:53:06.36 0:00:19.00
35076 LeftClick select cover
35096 [Ctrl]+[V] encapsulant
35259 start scroll down leave S3 0:53:25.36

Mummy
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Sentence 4

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

18751 start scroll down
18785 stop scroll down reach S4 0:28:27.73 0:03:25.63
19132 LeftClick select purpose of
19163 [Ctrl]+[X]
19180 click before 't' (the invention)
19188 [Ctrl]+[V] purpose of
19262 LeftClick select the
19280 [Del] delete the
19387 LeftClick select the package object
19407 [Del] delete the package object
19741 click after 'A' (A far-reaching)
19758 insert nother
19860 click after 'f' (a kind of)
19872 multiple [BkSp] delete a kind of
19916 [Ctrl]+[Z] undo delete 'a'
20061 click after 'd' (record)
20070 insert ing
20213 click after 'm' (system)
20345 [Spc] insert space
20366 insert that comes with a cover
20552 LeftClick select the package
20659 overwrite and the cover
20701 click before 'i' (improved)
20709 [BkSp] x3 delete be
20776 click after 'd' (improved)
20784 [BkSp] delete d
21020 LeftClick select 通路标志

21046 [Ctrl]+[C]
21047 Cursor on Google Translate homepage focus on Google translation 0:31:53.36 0:00:12.91
21059 clear Google Translate input text field
21066 [Ctrl]+[V] 通路标志

21189 click new tab launch new tab 0:32:06.27 0:01:20.73
21273 click browser search field
21284 insert search term goo
21293 [Ret] google.co.nz/ launch Google NZ homepage
21324 [Ctrl]+[V] 通路标志

21341 insert punctuation ,
21415 insert point of sale device
21475 insert complete [include own typo error correction]
21477 [Ret] display Google search results list
21801 click Google search field
21813 insert , path
21825 insert pause
21911 insert resume signs
21966 insert complete
21968 [Ret] display Google search results list
22073 click Google Translate tab switch to Google Translate homepage
22077 Cursor on Task Form focus on S4 0:33:27.00 0:00:28.54
22194 click before 'a' (and the sign)
22290 insert the pathway signs
22361 insert complete
22391 click Google tab focus on Google 0:33:55.54 0:00:08.19
22481 Cursor on Task Form focus on S4 0:34:03.73 0:01:23.09
22497 click after 'y' (pathway)
22512 [BkSp] x3 delete way
22634 click before 'p' (path)
22677 insert existing
22805 LeftClick select the sign of the other
22836 [Del] delete the sign of the other
22869 click after 'e' (device)
22872 insert s
22953 LeftClick select check mark 0:34:46.64 0:00:05.45
22969 [Ctrl]+[C]
23013 [Ctrl]+[V] S4 rating 4 (Significant PE) 0:34:52.09
23210 click after 'r' (a cover)
23223 insert punctuation .
23233 [Del] delete punctuation ,
23254 click between 't' and 'h' (the cover)
23262 multiple [BkSp] delete and t
23277 insert T
23395 [PgDwn] leave S4 0:35:26.82

0:05:11.81 0:00:05.45 0:00:11.18 0:01:41.83
Self-revision

34872 start scroll up [from S5]
34890 stop scroll up reach S4 0:52:51.82 0:00:11.18

Mummy
Typewritten text
Page 1/2



Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

34925 LeftClick select cover (a cover)
34949 [Ctrl]+[V] encapsulant
34974 LeftClick select cover (The cover)
34993 [Ctrl]+[V] encapsulant
35013 start scroll up leave S4 0:53:03.00

Mummy
Typewritten text
Sentence 4. Page 2/2



Sentence 5

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

23425 start scroll down
23445 stop scroll down reach S5 0:35:31.36 0:04:59.37
23706 click before 'h' (has)
23724 multiple [BkSp] delete also
23951 click after 'a' (a far-reaching)
23868 insert nother
23888 insert complete [include own typo error correction]
24135 click after 'e' (purpose)
24147 insert , which
24260 LeftClick select kind of
24447 [Del] delete kind of
24453 multiple [ArwLft] navigate to before 'k' (kind of)
24532 LeftClick select transaction record system
24562 [Ctrl]+[C]
24579 click after 'a' (a kind of)
24587 [Ctrl]+[V] transaction record system
24602 click after 'd' (record)
24614 insert ing
24639 click between 'a' and 't' (atransaction)
24642 [Spc] insert space
24685 click before 'c' (can affect)
24707 insert that
25224 click after 'o' (video)
25228 insert s
25347 click before 'a' (a plurality)
25453 insert the integration and
25502 insert complete [include own typo error correction]
25660 LeftClick select storage processing
25684 [Ctrl]+[C]
25697 click before 'a' (a plurality)
25703 [Ctrl]+[V] storage processing
25719 [Spc] insert space
25731 insert of
25812 LeftClick select of a plurality of videos
25847 [Ctrl]+[X]
25913 [Ctrl]+[Z] undo cut "of a plurality of videos"
25918 [Ctrl]+[Z] undo insert "of"
25925 [Ctrl]+[Z] undo paste "storage processing"
25952 multiple [BkSp] delete and
25998 insert of
26047 click before 'a' (at the point)
26061 insert and
26115 LeftClick select storage processing
26144 [Ctrl]+[C]
26154 click before 'a' (at the point)
26160 [Ctrl]+[V] storage processing
26169 [Spc] insert space
26226 LeftClick select integration and storage...record system
26248 [BkSp] delete integration and storage...record system
26421 LeftClick select check mark 0:40:01.91 0:00:03.45
26436 [Ctrl]+[C]
26459 [Ctrl]+[V] S5 rating 4 (Significant PE) 0:40:05.36
26738 [PgDwn] leave S5 0:40:30.73

0:04:55.92 0:00:03.45 0:00:06.36
Self-revision (review/refer only, no action)

34784 start scroll up [from S6]
34802 stop scroll up reach S5 0:52:43.82 0:00:06.36
34872 start scroll up leave S5 0:52:50.18



Sentence 6

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

26751 start scroll down
26770 stop scroll down reach S6 0:40:33.64 0:01:54.00
27035 LeftClick select S6
27058 [Del] delete S6

27172 insert Accordingly, the invention is to offer a
transaction recording system that can be

27496 insert pause [include own typo error correction]
27567 insert resume used
27573 insert pause
27720 insert resume to record events at the point of sale.
27799 insert complete
27927 LeftClick select check mark 0:42:18.82 0:00:06.82
27941 [Ctrl]+[C]
28002 [Ctrl]+[V] S6 rating 5 (Retranslate) 0:42:25.64
28024 [PgDwn] leave S6 0:42:27.64

0:01:47.18 0:00:06.82 0:00:11.18
Self-revision (review/refer only, no action)

34642 start scroll up [from S7]
34661 stop scroll up reach S6 0:52:31.00 0:00:11.18
34784 start scroll up leave S6 0:52:42.18



Sentence 7

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
Revision
Duration

Research
Duration

28037 start scroll down
28063 stop scroll down reach S7 0:42:31.18 0:01:20.82
28906 LeftClick select 有视场的视频采集设备
28939 [Ctrl]+[C]
28952 click Google Translate tab leave S7 0:43:52.00 0:01:07.27
28965 click Google Translate source text field clear text
28974 [Ctrl]+[V] 有视场的视频采集设备
29015 click Google tab Google search results page
29025 LeftClick select 通路标志, point of sale device, path signs
29044 overwrite video capture device, field of vision
29148 overwrite complete
29151 [Ret] display Google search results list
29692 Cursor on Task Form back to S7 0:44:59.27 0:02:05.18
29719 LeftClick select having
29903 overwrite that has
30099 LeftClick select the video acquisition…data signal
30198 [Del] delete the video acquisition…data signal
30237 insert which
30242 insert pause
30307 insert resume captures
30344 insert pause
30769 insert resume , creates and tra
30817 insert pause
30883 insert resume nsfers
30908 insert complete [include own typo error correction]
31032 LeftClick select 传送表征该设备的视场的视频数据信号
31059 [Ctrl]+[C]
31069 click Google Translate tab leave S7 0:47:04.45 0:00:18.64
31079 click Google Translate source text field clear text
31085 [Ctrl]+[V] 传送表征该设备的视场的视频数据信号
31176 click between '设备的' and '视场'
31183 [Ret] render source string as two lines
31274 Cursor on Task Form back to S7 0:47:23.09 0:01:01.27

31312 insert
video data signals that reflect the field of
vision

31623 insert complete [include own typo error correction]
31653 click before 'f' (the field)
31662 insert device's
31948 Cursor on Google Translate page leave S7 0:48:24.36 0:00:14.00
31963 click before '该' (该设备的)
31977 mulitple [Del] delete 该设备的现场的视
31987 delete pause
32016 mulitple [Del] delete resume 频数据信号
32041 click between '传送' and '表征'
32048 [BkSp] x2 delete 传送
32102 Cursor on Task Form back to S7 0:48:38.36 0:00:30.55
32166 LeftClick select check mark 0:48:44.18 0:00:20.18
32182 [Ctrl]+[C]
32388 [Ctrl]+[V] S7 rating 4 (Significant PE) 0:49:04.36
32438 [PgDwn] leave S7 0:49:08.91

0:04:37.64 0:00:20.18 0:00:02.09 0:01:39.91
Self-revision (review/refer only, no action)

34605 start scroll up [from S8]
34619 stop scroll up reach S7 0:52:27.18 0:00:02.09
34642 start scroll up leave S7 0:52:29.27



Sentence 8

Frame# Description Output/outcome Timestamp PE Duration
Rating

Duration
Research
Duration

32452 start scroll down
32470 stop scroll down reach S8 0:49:11.82 0:00:29.91
32558 LeftClick select acquisition
32590 [Del] delete acquisition
32601 insert capture
32766 LeftClick select 封装物
32790 [Ctrl]+[C]
32799 click Google Translate homepage leave S8 0:49:41.73 0:00:06.54
32809 click Google Translate source text field clear text
32815 [Ctrl]+[V] 封装物
32871 Cursor on Task Form back to S8 0:49:48.27 0:02:37.64
33296 LeftClick select separation of the
33317 [Del] delete separation of the
33351 insert separate
33395 insert complete [include own typo error correction]
33397 [Spc] insert space
33677 LeftClick select to be
33698 [Del] delete to be
34101 [Ctrl]+[Z] undo delete 'to be'
34387 LeftClick select check mark 0:52:06.09 0:00:05.64
34396 [Ctrl]+[C]
34449 [Ctrl]+[V] S8 rating 2 (Some PE) 0:52:11.73
34573 LeftClick select encapsulant
34595 [Ctrl]+[C]
34605 start scroll up leave S8 0:52:25.91

0:03:01.91 0:00:05.64 0:00:06.54



Sentence 9

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
35259 start scroll down [from S3]
35388 stop scrolling reach S9 0:53:37.09 0:05:08.27
35799 LeftClick select point-of-sale processing system
35835 [Ctrl]+[X]
35870 click before 'p' (plurality)
35878 [Ctrl]+[V] point-of-sale processing system
35924 [Spc] insert space
36106 LeftClick select plurality of point-of-sale for
36139 [Del] delete plurality of point-of-sale for
36191 insert to be
36636 LeftClick select point
36639 RightClick drop down menu
36653 click Reject Deletion restore 'point'
36678 LeftClick select of-sale
36693 RightClick drop down menu
36706 click Reject Deletion restore 'of-sale'
36722 click after 'e' (of-sale)
36734 insert punctuation period
36890 click before comma (, the)
36905 [Del] x2 delete , t
36923 insert T
36966 click after 'm' (system:)
36994 [Spc] insert space
36996 insert consists of
37108 click after numeral (1,)
37117 [Del] delete punctuation ,
37227 insert punctuation .
37467 LeftClick select consists of
37485 [Del] delete consists of
37596 insert is used to
37664 click after 'g' (receiving)
37672 [BkSp] x3 delete ing
37687 [ArwLft] navigate to between 'i' and 'v' (receiv)
37690 insert e
37712 [BkSp] delete e
37723 [ArwRght] navigate to after 'v' (receiv)
37726 insert e
37830 click between 'a' and 'I' (signal)
37839 [ArwRght] navigate to after 'l' (signal)
37843 insert s
37861 click after numeral (2,)
37870 insert punctuation .
37876 [Del] delete punctuation ,
37902 click after 'g' (processing]
37909 [BkSp] x3 delete ing
37948 click after 'I' (signal)
37952 insert s
37970 click after numeral (3,)
37979 insert punctuation .
37984 [Del] delete punctuation ,
38020 click after 'd' (stored)
38029 [BkSp] delete d
38053 click after 'I' (signal)
38056 insert s
38067 click after numeral (4,)
38074 insert punctuation .
38080 [Del] delete punctuation ,
38100 click after 'g' (transmitting]
38112 multiple [BkSp] delete ting
38156 click after 'I' (signal)
38161 insert s
38278 LeftClick select any
38302 [Del] delete any
38340 click before 't' (them)
38382 insert either one or more of
38447 insert complete
38659 LeftClick select check mark 0:58:34.45 0:00:04.00
38674 [Ctrl]+[C]
38703 [Ctrl]+[V] S9 rating 4 (Significant PE) 0:58:38.45
38779 [PgDwn] leave S9 0:58:45.36

0:05:04.27 0:00:04.00



Sentence 10

Frame# Description Output/outcome Timestamp
PE

Duration
Rating

Duration
38791 start scroll down
38802 stop scroll down reach S10 0:58:47.45 0:05:21.91
38843 LeftClick select acquisition
38863 [Del] delete acquisition
38884 insert capture
38986 LeftClick select capture
39071 LeftClick select equipment
39091 [Del] delete equipment
39112 insert device
39313 click before 'v' (video)
39323 insert field of vision of the
39410 insert complete [include own typo error correction]
39467 LeftClick select in the field of view of
39495 [BkSp] delete in the field of view of
39563 click after 'e' (device)
39566 [Spc] insert space
39702 click before 'a' (at least in a part)
39714 insert monitors
39762 insert complete
39802 click before 'i' (in a part)
39810 [Del] x3 delete in
40240 LeftClick select point-of-sale
40263 [Ctrl]+[X]
40282 click before 't' (transaction)
40290 [Ctrl]+[V] point-of-sale
40304 [Spc] insert space
40493 LeftClick select transaction
40522 [Del] delete transaction
40574 click after 'e' (point-of-sale)
40595 [Spc] insert space
40676 insert scene
41142 LeftClick select the process
41169 [Del] delete the process
41446 LeftClick select a portion of the monitoring
41471 [Del] delete a portion of the monitoring
41511 insert some of the transactions
41618 insert complete [include own typo error correction]
41758 click between 'n' and 's' (transactions)
41768 [Spc] insert space
41770 insert word events
41898 LeftClick select check mark 1:03:28.91 0:00:07.91
41913 [Ctrl]+[C]
41985 [Ctrl]+[V] S10 rating 4 (Significant PE) 1:03:36.82
42340 click vertical scroll bar 1:04:09.09
42343 start scroll up leave S10 1:04:09.36

0:05:14.00 0:00:07.91
42376 stop scroll up reach PE Guidelines
42378 start scroll down leave PE Guidelines
42416 stop scroll down reach end of Task form
42419 start scroll up leave bottom of Task form
42424 stop scroll up reach PE Guidelines
42435 Cursor stationary END TASK [at PE Guidelines] 1:04:17.73



Appendix J. Triptych of Source, Machine-translated and Post-edited Texts  

Sentence S1 

Source Text 因此，该发明的目的是为了提供一种能够克服现有技术缺陷的交易记

录系统。 

Target Text 

(MT) 

Therefore, the purpose of this invention is to provide a kind of can 

overcome the defects of the prior art transaction recording system. 

  

After PE - P2 Therefore, the purpose of this invention is to provide a type of transaction 

recording system capable of overcoming the defects of prior art.  

After PE - P3 Therefore, the purpose of this invention is to provide a transaction 

recording system which can overcome the defects of the prior art.  

After PE - M1 Therefore, the purpose of this invention is to provide a transaction 

recording system that can overcome the defects of the current 

technology. . 

After PE - M2 Therefore, the purpose of this invention is to provide a transaction 

recording system that   overcomes the exsiting defects .  

After PE - M3 Therefore, the purpose of this invention is to provide a kind of transction 

recording system which can overcome the technological defects of the 

existing system.  

After PE - M4 Therefore, the purpose of this invention is to provide a kind of transaction 

recording system which can overcome the existing technical defects.  

After PE - M7 Therefore, the purpose of this invention is to provide a new transaction 

recording system that can overcome the defects of the prior art .  

After PE - M8 Therefore, the purpose of this invention is to provide a type of transaction 

recording system which can overcome the current technical deficiencies .  

 



Sentence S2 

Source Text 该发明的另外一个目的是提供一种包括视频摄像机的交易记录系统，

该视频摄像机安装在一个非常有效的位置，可以理想的监控到交易的

场景， 比如超市里的结账通道。 

Target Text 

(MT) 

The invention has another purpose is to offer a kind of transaction record 

includes a video camera system, the video camera is arranged at the 

position of the a very effective, can be an ideal monitoring of the scene to 

the transaction, for example, in supermarket checkout channel. 

  

After PE - P2 Another purpose of the said invention is to provide a type of transaction 

recording system comprising a video camera system, where the said video 

camera is very effectively positioned to allow ideal monitoring of the 

scene of the transaction; for example, at a supermarket checkout channel. 

After PE - P3 Another purpose of the invention is to provide a transaction recording 

system which comprises a video camera, the video camera being arranged 

at a very effective position so as to desirably monitor the scene of the 

transaction, for example, in a supermarket checkout aisle. 

After PE - M1 Another purpose of the invention is to provide a transaction record that 

includes a video camera system; this video camera is arranged in a very 

effectiveposition that is ideal for monitoring the  transaction, for example, 

in a supermarket checkout lane. 

After PE - M2 The invention has another purpose, which is to offer a transaction 

recording system that includes a video camera; the video camera is 

installed ed at a very effictive position , and can monitorthe scene to the 

transaction ideally, for example, a supermarket checkout passage. 

After PE - M3 Another purpose of the invention is to offer a transaction recording system 

which includes a video camera.  The video camera is arranged at an 

appropriate  position which can effectively  monitor  the scene of the 

transactions, such as the checkout isles. 

After PE - M4 Another purpose of the invention is to offer a kind of transaction recording 

system which includes a video camera; the video camera is arranged at a 

very effective position where it can ideally monitor the scene of 

transaction, for example, in supermarket checkout channel.  

After PE - M7 The invention has another purpose, which is to offer a transaction 

recording system that includes a video camera. The video camera is 

arranged at an effective position to capture ideal images of the transaction 

scene, for example, a checkout lane in a supermarket. 

After PE - M8 The invention has another purpose which is to provide a transaction 

recording system that includes a video camera; the video camera is 

installed in a very effective  location ,  ideal for monitoring the scene of  

transaction, for example, in supermarket's checkout aisle . 

 



Sentence S3 

Source Text 该发明更深远的目的是提供一种有封装物的交易记录系统，该封装物

遮盖住视频摄像机使顾客不易察觉。 

Target Text 

(MT) 

The purpose of the invention a more far-reaching a package object is to 

offer a kind of transaction record system, the packaging material covering 

the video camera so that the customer is not easy to detect. 

  

After PE - P2 A more far-reaching purpose of the invention is to offer a type of 

transaction recording system with an encapsulating material with the said 

encapsulating material covering the video camera so that the camera is not 

easily detectable by customers. 

After PE - P3 A more far-reaching purpose of the invention is to provide a transaction 

recording system having an encapsulant which covers the video camera so 

that it is not easily detected by the customer 

After PE - M1 A more far-reaching goal of the invention is to provide a covered 

transaction recording system. Material covers the video camera so 

customers cannot  easily detect it. 

After PE - M2 A more significant purpose of the invention is to provide a transaction 

recording system that has a packaging matertial, which hides the video 

camera so that the customers won't detect it. 

After PE - M3 The far-reaching purpose of the invention is to provide a transaction 

recording system with a concealed video camera, which will not be 

noticed by customers. 

After PE - M4 A more far-reaching purpose of the invention is to provide an enveloped 

transaction recording system: the envelope is covering the video camera so 

that it is not easily detectable by the customers. 

After PE - M7 A more far-reaching purpose of the invention is to offer a transaction 

recording system with a encapsulant to the video camera so that customers 

are unable to see the camera. 

After PE - M8 The more far reaching purpose of the invention  is to offer a type of 

encapsuled  transaction recording system, such encapsulant conceals the 

video camera so that the customer cannot easily detect it. 

 



Sentence S4 

Source Text 该发明另外一个深远的目的是提供一种有封装物的交易记录系统，该

封装物可以改进现有的通路标志以及其他的交易设备或者销售点设

备。 

Target Text 

(MT) 

A far-reaching the invention the purpose of the package object is to offer a 

kind of transaction record system, the package can be improved and the 

sign of the other transaction device or point-of-sale equipment. 

  

After PE - P2 Another far-reaching purpose of the said invention is to offer a type of 

transaction recording system with an encapsulating material, where the 

said encapsulating material can improve existing channel markings, other 

transaction equipment or point-of-sale equipment. 

After PE - P3 A further far-reaching purpose of the invention is to provide a transaction 

recording system having an encapsulant which can improve upon the aisle 

signs or other transaction device or point-of-sale equipment. 

After PE - M1 Another far-reaching goal of the invention is to provide a covered 

transaction recording system. This covering can improve signage and other 

transaction devices or point-of-sale equipment. 

After PE - M2 A more significant purpose of the invention  is to provide a transaction 

recording system that has a packaging material, which can improve the 

signage over the passage and other transaction equipent or point of sale 

devices. 

After PE - M3 Another far-reaching purpose of the invention is to provide a concealed 

transaction recording system which can improve the existing passage signs 

and other transaction or sales equipment. 

After PE - M4 Another far-reaching purpose of the invention is to provide an enveloped 

transaction recording system: the envelope can improve the existing 

channel signs, and other transaction equipment  or point-of-sale 

equipment. 

After PE - M7 Another far-reaching purpose of the invention is to offer a transaction 

recording system that comes with a encapsulant. The encapsulant can 

improve the existing path signs and transaction devices or point-of-sale 

equipment. 

After PE - M8 Another far-reaching purpose of the invention  is to offer a encapsuled 

transaction recording system, such encapsulant can improve the current 

aisle signs as well as other transaction devices or point-of-sale apparatus. 

 



Sentence S5 

Source Text 该发明还有一个深远的目的是提供一种可以影响在销售点的多个视频

整合和存储处理的交易记录系统。 

Target Text 

(MT) 

The invention also has a far-reaching purpose is to offer a kind of can 

affect a plurality of video at the point of sale integration and storage 

processing of transaction recording system. 

  

After PE - P2 One more far-reaching purpose of the invention is to offer a type of 

transaction recording system capable of affecting the integration and 

storage of a plurality of videos at the point of sale. 

After PE - P3 A still further far-reaching purpose of the invention is to provide a 

transaction recording system which can affect  the integration of multiple 

frequencies and storage processing at the point of sale. 

After PE - M1 Another far-reaching purpose of the invention is to offer an integrated 

multi-camera  video and storage processing transaction record system at 

the point of sale. 

After PE - M2 The invention also has another far-reaching purpose, that is to offer a 

transaction recording system that can affect the multi-video integration, 

storage and processingat the point of sale. 

After PE - M3 Another far-reaching purpose of the invention is to provide a transaction 

recording system which changes the process of video data integration and 

storage at the site of retail transacion. 

After PE - M4 The invention also has a far-reaching purpose: to offer a kind of 

transaction recording system which can affect the multiple video 

integration and storage processing at the point of sale. 

After PE - M7 The invention has another far-reaching purpose, which is to offer a 

transaction recording system that can affect the integration of a plurality of 

videos and storage processing at the point of sale. 

After PE - M8 The invention also has another far-reaching purpose in  offering a type of 

transaction recording system that causes the integration of multiple video 

stream and storage processing  at the point of sale . 

 



Sentence S6 

Source Text 相应的，该发明定位于一个应用于记录发生在销售点的交易记录系

统。 

Target Text 

(MT) 

Corresponding, the invention is positioned in a applied to recording the 

transaction recording system at the point of sale. 

  

After PE - P2 Corresponding, the said invention is positioned in a transaction recording 

system applied at the point of sale. 

After PE - P3 Accordingly, the invention is directed towards a transaction recording 

system used in recording the point of sale. 

After PE - M1 Accordingly, the invention of the transaction recording system provides a 

a practical record of what happens at the point of sale . 

After PE - M2 Correspondingly, the invention is well-positioned as atransaction 

recording system that records at the point of sale. 

After PE - M3 . Therefore, the invention is a transaction recording system designed to be 

used at the retail transaction site. 

After PE - M4 Accordingly, the invention is positioned at a transaction recording system 

which is applied to record the transactions at the point of sale. 

After PE - M7 Accordingly, the invention is to offer a transaction recording system that 

can be used to record events at the point of sale. 

After PE - M8 Similarly, the invention is positioned as a   system that is used to record 

transactions at the point of sale. 

 



Sentence S7 

Source Text 系统包括一个有视场的视频采集设备，该视频采集设备采集、产生和

传送表征该设备的视场的视频数据信号。 

Target Text 

(MT) 

The system includes a video capture device having a field of vision, the 

video acquisition equipment acquisition, characterization of generating 

and transferring of the field of view of the video data signal. 

  

After PE - P2 The system comprises a video capture device which captures, generates 

and transmits video data signals that characterizes the field of view. 

After PE - P3 The system comprises a video capture device having a field of vision, 

wherein the video capture device captures, generates and transmits video 

data signals characterizing the field of view of the device. 

After PE - M1 The system includes a video capture device with a field of vision. This 

video capture devicecaptures, generates and transfers the video data signal 

from the field of view. 

After PE - M2 The system includes a video capture device with  a field of vision,  which 

capture, generate and transmit  video data signals that characterise the field 

of vision of the device. 

After PE - M3 The system includes a video capture device, which captures, processes and 

transmits the video data of the scene. 

After PE - M4 The system includes a video acquisition equipment with a field of view; 

the video acquisition equipment acquires, generates and transmits the 

video data signal characterizing its field of view. 

After PE - M7 The system includes a video capture device that has a field of vision, 

which captures, creates and transfers video data signals that reflect the 

device's field of vision. 

After PE - M8 The system incorporates a video capture device, such video capture device 

collects, generates and transmits video data signals that characterises the 

field of vision of such device. . 

 



Sentence S8 

Source Text 而且，该视频采集设备至少部分地密封在一个分离的封装物内，以及

安装在一个位于相对于销售点的理想位置。 

Target Text 

(MT) 

Moreover, the video acquisition device is at least partially sealed in a 

separation of the encapsulant, and is to be installed in a desired position 

relative to the point of sale. 

  

After PE - P2 Moreover, the video capture device is at least partially sealed in a separate 

encapsulating material, and is to be installed in a desirable position relative 

to the point of sale. 

After PE - P3 Moreover, the video capture device is at least partially sealed in a separate 

encapsulant, and is to be installed in a desired position relative to the point 

of sale. 

After PE - M1 Moreover, the video capture device is at least partially sealed in a covered 

area and can be installed in a position ideal for the point of sale. 

After PE - M2 Moreover, the video capture device is at least partially sealed in a separate 

packaging material, and is installed in an ideal position facing the point of 

sale. 

After PE - M3 Moreover, the video recording device is at least partially sealed in a 

detached encapsulant, and is to be installed in a desired position relative to 

the point of sale. 

After PE - M4 Moreover, the video acquisition equipment is at least partially sealed in a 

separate envelope, and is to be installed in a desired position relative to the 

point of sale. 

After PE - M7 Moreover, the video capture device is at least partially sealed in a separate 

encapsulant, and is to be installed in a desired position relative to the point 

of sale. 

After PE - M8 In addition, the video capture  device is at least partially sealed inside a 

separate encapsulant, and is installed in a suitable  position facing the 

point of sale. 

 



Sentence S9 

Source Text 该系统还包括一个位于或者靠近于销售点的销售点处理系统，该销售

点处理系统：1、接收视频数据信号；2、处理视频数据信号；3、存储

视频数据信号；4、传送视频数据信号，或者其中的任何组合。 

Target Text 

(MT) 

The system also includes a plurality of point-of-sale for located at or close to 

the point-of-sale processing system, the point-of-sale processing system: 1, 

receiving video data signal; 2, processing video data signal; 3, stored video 

data signal; 4, transmitting video data signal, or any combination of them. 

  

After PE - P2 The system also comprises a point-of-sale processing system positioned at or 

close to the point of sale. The said point-of-sale processing system: 1, 

receives video data signals; 2, processes video data signals; 3, stores video 

data signals; 4, transmits video data signals, or any combination of the 

above. 

After PE - P3 The system also comprises a point-of-sale processing system located at or 

close to the point of sale, wherein the point-of-sale processing system: 1. 

receives a video data signal; 2. processes a video data signal; 3. stores a 

video data signal; 4. transmits a video data signal, or any combination 

thereof. 

After PE - M1 The system also includes a point-of-sale management system located at or 

close to the point of sale. The point-of-sale management system can: 1) 

receive the video data signal; 2) process the video data signal; 3) store the 

video data signal; 4) transmit the video data signal; or any combination of 

the above. 

After PE - M2 The system also includes a point-of-sale proessing system located at or close 

to the point of sale; the point-of-sale processing system can: 1. receive video 

data signals; 2. process video data signals; 3. store video data signals; 4. 

transmit video data signals, or carry out any combination of these functions. 

After PE - M3 The system also includes adata processing system which is  located at or 

close to the retail site , This processing system has the following functions: 

1, receiving video data signal; 2, processing video data signal; 3, storing up 

video data signal; 4, transmitting video data signal, or any combination of 

the above functions. 

After PE - M4 The system also includes a point-of-sale processing system  at or close to the 

point-of-sale; the point-of-sale processing system: 1, receives video data 

signal; 2, processes video data signal; 3, stores video data signal; 4, transmits 

video data signal, or any combination of them. 

After PE - M7 The system also includes a point-of-sale processing system to be located at 

or close to the point-of-sale. The point-of-sale processing system is used to: 

1. receive video data signals; 2. process video data signals; 3. store video 

data signals; 4. transmit video data signals, or a combination of either one or 

more of them. 

After PE - M8 The system also includes a  point-of-sale processing system  located at or 

close to the point-of-sale , the point-of-sale processing system: 1, receives 

video data signal; 2, processes video data signal; 3, store video data signal; 4, 

transmits video data signal, or any combination of the above. 

 



Sentence S10 

Source Text 该视频采集设备的视场在至少在一部分的交易发生过程中监控销售点

的至少一部分。 

Target Text 

(MT) 

The video acquisition equipment in the field of view of at least in a part of 

the transaction in the process at least a portion of the monitoring point-of-

sale. 

  

After PE - P2 The said video capture equipment monitors the field of view of at least a 

part of the point of sale during at least a part of the transaction. 

After PE - P3 The field of view of the video capture device monitors at least a part of the 

point of sale during at least a part of the transaction. 

After PE - M1 At least part of the field of vision of the video capture equipment will be 

partially monitoring the point-of-sale during the transaction. 

After PE - M2 The field of view of the video capture device monitors,  at least during part 

of the transaction process, at least a portion of the  pointofsale. 

After PE - M3 The video acquisition equipment  monitors, at least partially, a certain 

section of the retail site. 

After PE - M4 The field of view of the video acquisition equipment at least monitors a 

portion of the point-of-sale in a part of transaction process at least. 

After PE - M7 The field vision of the video capture device monitors at least a part of the 

point-of-sale scene in at least some of the transaction eventss. 

After PE - M8 The field of vision of such video capture device monitors at least part of 

the point-of-sale for at least a portion of the transaction in process . 

 



Sentence S1

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

因此，该发明的
目的是为了提供

Therefore, the purpose of

this invention is to provide

Therefore, the purpose

of this invention is to

provide

一种 a kind of a delete words 1 1

new insert word meaning added 1 1

交易记录系统 transaction recording

system

relocate words
1 1

能够克服 can overcome that can overcome insert word 1 1

现有技术缺陷的 the defects of the prior art the defects of the prior

art.

transaction recording

system.

PE error introduced = 1 0 1 1 2 2 2

Notes: a type of = a category of

a kind of ≈ a doubtful or borderline member of a category

S = substitution

R = re-ordering

D = deletion

I = insertion

Edit type Relating to

May
Typewritten text
Appendix K. Annotated Post-edited Sentences of Participant M7(For space reasons, only the output of M7 is appended. The annotated sentences of other participants are available on request)



Sentence S2

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

该发明的另外一
个目的

The invention has another

purpose

The invention has

another purpose,

insert punctuation
1 1

是提供 is to offer which is to offer insert word 1 1

一种 a kind of a delete words 1 1

交易记录 transaction record transaction recording substitute word 1 1

系统 system relocate word 1 1

that insert word 1 1

包括视频摄像机
的

includes a video camera

system,

includes a video

camera.

substitute punctuation
1 1

该视频摄像机 the video camera The video camera substitute letter 1 1

安装在 is arranged at is arranged at

一个 the an substitute word 1 1

relocate word 1 1

delete word meaning deleted (very非常) 1 1

位置 position of the a position delete words 1 1

very effective, delete punctuation 1 1

可以 can be to substitute word meaning deleted (can可以) 1 1

an delete word 1 1

监控到 capture relocate word 1 1

substitute word meaning changed (monitor监控

=> capture采集,拍摄)
1 1

理想的 ideal ideal

monitoring

images insert word meaning added 1 1

of the of the

交易的 transaction relocate word 1 1

场景 scene scene,

to the delete words 1 1

transaction,

比如 for example, for example,

insert word 1 1

relocate words 1 1

substitute word 1 1

超市里的 in supermarket in a supermarket. insert word 1 1

checkout channel.

PE error introduced = 4 7 5 6 6 7 17

Notes: channel = a pathway into which something can be directed

lane = a well-defined path designed for a particular use

S = substitution

R = re-ordering

D = deletion

I = insertion

结账通道 a checkout lane

Edit type Relating to

有效的 effective



Sentence S3

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

substitute letter 1 1

relocate words 1 1

该发明的目的 The purpose of the

invention

purpose of the invention delete word
1 1

a more far-reaching

a package object delete words 1 1

是提供 is to offer is to offer

一种 a kind of a delete words 1 1

substitute word 1 1

delete punctuation 1 1

有封装物的 with a encapsulant insert words wrong determiner 'a' vs

'an')
1 1

该封装物 the packaging material delete words meaning deleted (the

packaging material

该封装物)

1 1

遮盖住 covering to substitute word 1 1

视频摄像机使 the video camera so that the video camera so that

the delete word 1 1

顾客 customer customers substitute word 1 1

is are substitute word 1 1

不易 not easy unable substitute word meaning changed (not

easy不易 => unable

不能)

1 1

察觉 to detect. to see substitute word 1 1

the camera. insert words 1 1

PE error introduced = 3 7 1 6 2 8 8

Notes: detect = uncover, discern (something hidden or subtle)

see = perceive with the eyes, notice

S = substitution

R = re-ordering

D = deletion

I = insertion

交易记录系统 transaction record system, transaction recording

system

Edit type Relating to

更深远 A more far-reaching



Sentence S4

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

另外一个 A Another substitute word 1 1

深远的 far-reaching far-reaching

目的 purpose of relocate words 1 1

delete word 1 1

该发明 the invention the invention

the purpose of

the package object delete words 1 1

是提供 is to offer is to offer

一种 a kind of a delete words 1 1

交易记录系统 transaction record system, transaction recording

system

substitute word
1 1

insert words wrong determiner ('a'

versus 'an')
1 1

substitute punctuation 1 1

substitute letter 1 1

substitute word 1 1

可以改进 can be improved can improve substitute word 1 1

and

现有的通路 the the existing path insert words 1 1

标志 sign signs substitute word 1 1

of the delete words 1 1

以及 and relocate word 1 1

其他的 other delete word meaning deleted (other

其他的)
1 1

交易设备 transaction device transaction devices substitute word 1 1

或者销售点设备 or point-of-sale equipment. or point-of-sale equipment.

PE error introduced = 2 8 2 5 2 12 5

Notes: package = a wrapped or boxed object, a parcel

encapsulant = material used for encasing or surrounding completely

S = substitution

R = re-ordering

D = deletion

I = insertion

该封装物 the package The encapsulant

Edit type Relating to

有封装物的 that comes with a

encapsulant.



Sentence S5

ST chunked/aligned Raw machine translation Final post-edited text Editing event

S R D I Accuracy Fluency

该发明 The invention also has The invention has delete word 1 1

还有一个 a another substitute word 1 1

深远的目的 far-reaching purpose far-reaching purpose, insert punctuation 1 1

which insert word 1 1

是提供 is to offer is to offer

一种 a kind of a delete words 1 1

交易记录系统
transaction recording

system relocate words
1 1

that insert word 1 1

可以影响 can affect can affect

the insert word 1 1

整合 integration relocate word 1 1

of insert word 1 1

多个视频 a plurality of video a plurality of videos substitute word 1 1

at the point of sale

integration

和存储处理 and storage processing and storage processing

的 of delete word 1 1

transaction recording

system.

在销售点的 at the point of sale. relocate words 1 1

2 3 3 5 5 8

Notes: S = substitution

R = re-ordering

D = deletion

I = insertion

Edit type Relating to



Sentence S6

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

相应的 Corresponding, Accordingly, substitute word 1 1

该发明 the invention is the invention is

定位于一个 positioned in a to offer a substitute words meaning changed

(positioned => offer)
1 1

交易记录系统 transaction recording

system

relocate words
1 1

that insert word 1 1

can be insert words meaning added (can be) 1 1

应用于 applied to used to substitute word 1 1

记录 recording record substitute word 1 1

events insert word 1 1

the delete word 1 1

transaction recording

system

发生
在销售点的 at the point of sale. at the point of sale.

MT error missed = 1

(semantic)
PE error introduced = 2 4 1 1 3 4 5

Notes: corresponding = related, similar, comparable, congruous, accordant

accordingly = so, therefore, consequently, in accordance

can be = indicates ability, possibility, or permission

apply = utilize, employ, put to or adapt for a particular use

MT error missed: content not translated (发生 occur, happen, take place)

S = substitution

R = re-ordering

D = deletion

I = insertion

Edit type Relating to



Sentence S7

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

系统包括 The system includes The system includes

一个视频采集设
备

a video capture device a video capture device

有视场的 having a field of vision, that has a field of vision, substitute words 1 1

该视频采集设备 the video acquisition

equipment

which substitute word
1 1

采集 acquisition, captures, substitute word 1 1

characterization

of delete word 1 1

产生 generating creates substitute word Meaning changed (generate

=> create)
1 1

和传送 and transferring and transfers substitute word 1 1

of delete word 1 1

the field of view

of the delete words 1 1

视频数据信号 video data signal. video data signals substitute word 1 1

that insert word 1 1

relocate words 1 1

substitute words Meaning changed

(characterize => reflect)
1 1

relocate words 1 1

insert word 1 1

substitute word 1 1

PE error introduced = 2 8 2 3 2 7 8

Notes: acquire = take possession of something

capture = record (data) for processing or storage

characterize = represent, portray, distinguish, typify

reflect = mirror, indicate, express, exhibit

generate = produce by a chemical or physical process

create = bring into being, produce through artistic or creative process

field of view = area that is visible (as through an optical instrument)

field of vision = entire view encompassed by the eye trained in any particular direction

S = substitution

R = re-ordering

D = deletion

I = insertion

该设备的视场 the device's field of vision.

Edit type Relating to

表征 reflect



Sentence S8

ST chunked/aligned Raw machine translation Final post-edited text Editing event

S R D I Accuracy Fluency

而且 Moreover, Moreover,

该视频采集设备 the video acquisition device the video capture device substitute word
1 1

至少部分地密封 is at least partially sealed is at least partially sealed

在一个分离的内 in a separation in a separate substitute word 1 1

of the delete words 1 1

封装物 encapsulant, encapsulant,

以及安装 and is to be installed and is to be installed

在一个理想位置 in a desired position in a desired position

位于相对于销售
点的

relative to the point of sale. relative to the point of sale.

2 0 1 0 1 2

Notes: acquire = take possession of something

capture = record (data) for processing or storage

S = substitution

R = re-ordering

D = deletion

I = insertion

Edit type Relating to



Sentence S9

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

该系统还包括一
个

The system also includes a The system also includes a

plurality of delete words 1 1

销售点的 point-of-sale for point-of-sale delete word 1 1

处理系统 processing system relocate words 1 1

位于或者靠近于 located at or close to to be located at or close to insert words Tense changed (PST->FUT) 1 1

销售点 the point-of-sale the point-of-sale.

processing system, substitute punctuation 1 1

该销售点处理系
统

the point-of-sale

processing system:

The point-of-sale

processing system

substitute letter
1 1

is used to: insert words 1 1

substitute punctuation 1 1

substitute word 1 1

substitute word 1 1

substitute punctuation 1 1

substitute word 1 1

substitute word 1 1

substitute punctuation 1 1

substitute word 1 1

substitute word 1 1

substitute punctuation 1 1

substitute word 1 1

substitute word 1 1

or any combination of or a combination of substitute word 1 1

either one or more of insert words meaning added 1 1

them. them.

MT error missed = 1

(syntactic)
PE error introduced = 2 15 1 2 3 10 11

Notes: Tense: PST = past; FUT = future

MT error missed = point-of-sale (adjective) vs point of sale (noun)

S = substitution

R = re-ordering

D = deletion

I = insertion

2、处理视频数
据信号

2, processing video data

signal;

2. process video data

signals;

Edit type Relating to

1、接收视频数
据信号

1, receiving video data

signal;

1. receive video data

signals;

或者其中的任何
组合。

3、存储视频数
据信号

3, stored video data signal; 3. store video data signals;

4、传送视频数
据信号

4, transmitting video data

signal,

4. transmit video data

signals,



Sentence S10

ST chunked/aligned Raw machine translation Final post-edited text Editing event PE error introduced

S R D I Accuracy Fluency

该 The The

relocate words 1 1

delete word meaning changed (field

of view => field vision)
1 1

substitute word 1 1

the relocate word 1 1

视频采集 video acquisition video capture substitute word 1 1

设备 equipment device substitute word 1 1

in delete word 1 1

the

field of view of

relocate word 1 1

substitute word 1 1

的至少一部分 at least in a part of the at least a part of the delete word 1 1

transaction

销售 point-of-sale relocate word 1 1

点 scene insert word 1 1

在发生过程中 in the process in delete words meaning deleted (the

process发生过程)
1 1

至少 at least at least

一部分的 a portion of the some of the substitute word 1 1

monitoring

point-of-sale.

交易 transaction relocate word 1 1

eventss. insert word spelling (extra letter 's') 1 1

PE error introduced = 3 5 5 4 2 10 6

Notes: field of view = area that is visible (as through an optical instrument)

field of vision = entire view encompassed by the eye trained in any particular direction

acquire = take possession of something

capture = record (data) for processing or storage

device = object, tool, machine for a specific purpose

equipment = set of tools or devices for a specific purpose

S = substitution

R = re-ordering

D = deletion

I = insertion

监控 monitors

Edit type Relating to

的视场 field vision of



Appendix L. Poisson Regression Results for Dominant Language and Accuracy/Fluency Edits  
 

 

 

 

Poisson regressions using R version 3.5.0 (2018-04-23) 
 

Result: 

 

log \mu_A = a1 + indicator variables for each sentence + b1 * DomLang, 

log \mu_F = a2 + indicator variables for each sentence + b2 * DomLang, 

 

estimates of b1 =  0.097, 

estimates of b2 = -0.064, 

indicates that DomLang=1 is higher than DomLang=0 for accuracy, 

and       that DomLang=1 is lower  than DomLang=0 for fluency. 

 

However, the p-values are very large (0.28 and 0.45) so these 

effects may not be real. They could have arisen by chance. 

 

 

 

 



Appendix M. In-sentence Duration by Individual Participant

Sentence ID S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Participant P2
PE output length (words) 23 46 39 36 33 17 21 30 48 28
1st PE pass 01:13 04:00 03:07 02:57 01:43 01:18 02:23 00:55 05:50 03:16
Self-revision 00:27 00:45 01:34 00:37 00:45 00:10 00:13 00:26 00:09 00:08
Research/preparation 00:48 02:17 00:39 01:02 00:30 00:39 00:13 01:05 00:22
In-sentence duration 02:29 04:45 06:58 04:13 03:30 01:59 03:16 01:34 07:05 03:46

Participant P3
PE output length (words) 22 44 32 31 31 17 32 29 50 27
1st PE pass 00:46 02:40 02:18 02:09 02:39 02:13 02:36 01:04 02:22 01:59
Self-revision 00:04 00:20 00:09 00:16 00:02 00:03 00:00 00:00 00:01 00:00
Research/preparation 01:03
In-sentence duration 01:53 03:00 02:26 02:25 02:41 02:16 02:36 01:04 02:22 01:59

Participant M1
PE output length (words) 22 41 26 26 24 21 29 27 52 22
1st PE pass 03:59 04:23 04:09 04:15 03:23 07:08 11:55 03:45 05:45 09:04
Self-revision 00:11 01:19 00:31 00:23 00:09 00:08 00:19 00:11 00:15 00:08
Research/preparation 00:55 01:09 00:14 01:10 00:15 00:20
In-sentence duration 04:10 05:42 05:35 05:48 03:31 07:30 13:24 04:11 06:20 09:12

Participant M2
PE output length (words) 18 44 31 36 28 16 29 27 50 27
1st PE pass 05:04 04:51 04:49 08:31 05:45 04:05 05:36 02:35 04:02 04:36
Self-revision 00:04 00:17 07:15 00:11 00:00 00:00 00:24 00:21 00:00 00:00
Research/preparation 01:43 05:02 02:27 01:41 04:32 00:25
In-sentence duration 05:09 05:08 13:47 13:44 08:12 05:47 10:32 02:56 04:27 04:36

Participant M3
PE output length (words) 25 40 25 27 29 17 18 29 53 15
1st PE pass 03:30 07:18 03:22 03:55 03:25 02:31 02:33 01:52 04:41 02:00
Self-revision 00:01 00:00 00:00 00:00 00:35 00:00 00:00 00:00 00:00 00:00
Research/preparation 03:20 00:12
In-sentence duration 03:31 07:18 03:22 07:15 04:00 02:42 02:33 01:52 04:41 02:00

Participant M4
PE output length (words) 22 44 32 29 30 22 29 29 43 25
1st PE pass 01:47 05:49 04:11 02:23 02:30 02:22 03:04 01:21 02:11 03:05
Self-revision 00:47 02:30 01:17 01:23 01:48 00:55 00:48 00:24 00:45 00:32
Research/preparation 00:18 00:29 04:07 02:08 00:47
In-sentence duration 02:51 08:49 09:35 05:53 04:18 03:17 04:39 01:46 02:56 03:36

Participant M7
PE output length (words) 23 43 30 32 32 22 28 29 54 25
1st PE pass 02:40 11:18 09:36 05:12 04:56 01:47 04:38 03:02 05:04 05:14
Self-revision 00:02 00:02 00:19 00:11 00:06 00:11 00:02 00:00 00:00 00:00
Research/preparation 00:48 00:34 01:42 01:40 00:07
In-sentence duration 02:42 12:07 10:29 07:05 05:02 01:58 06:20 03:08 05:04 05:14

Participant M8
PE output length (words) 22 41 32 31 31 19 27 27 46 26
1st PE pass 04:34 08:10 05:39 04:44 04:43 04:45 04:08 03:56 02:46 02:58
Self-revision 00:35 03:06 02:05 02:20 00:44 00:11 01:46 00:53 00:25 00:33
Research/preparation 00:30 01:48 00:26 00:27
In-sentence duration 05:09 11:46 07:44 08:53 05:53 04:56 06:21 04:49 03:11 03:31



NPAR TESTS

  /M-W= PE_duration BY attitude(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

attitude N Mean Rank Sum of Ranks

PE_duration Positive

Negative

Total

40 45.85 1834.00

40 35.15 1406.00

80

Test Statisticsa

PE_duration

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

586.000

1406.000

-2.059

.039

Grouping Variable: attitudea. 

NPAR TESTS

  /M-W= Self_revision BY attitude(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

attitude N Mean Rank Sum of Ranks

Self_revision Positive

Negative

Total

40 31.48 1259.00

40 49.53 1981.00

80
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Appendix N. Mann-Whitney U Results for Attitude to Machine Translation



Test Statisticsa

Self_revision

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

439.000

1259.000

-3.494

.000

Grouping Variable: attitudea. 

NPAR TESTS

  /M-W= Research BY attitude(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

attitude N Mean Rank Sum of Ranks

Research Positive

Negative

Total

40 40.18 1607.00

40 40.83 1633.00

80

Test Statisticsa

Research

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

787.000

1607.000

-.135

.892

Grouping Variable: attitudea. 

NPAR TESTS

  /M-W= TER_score BY attitude(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test
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Ranks

attitude N Mean Rank Sum of Ranks

TER_score Positive

Negative

Total

40 35.29 1411.50

40 45.71 1828.50

80

Test Statisticsa

TER_score

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

591.500

1411.500

-2.007

.045

Grouping Variable: attitudea. 
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NPAR TESTS

  /M-W= AccuracyErrors BY PatentExperience(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

PatentExperience N Mean Rank Sum of Ranks

AccuracyErrors With experience

Without experience

Total

40 35.49 1419.50

40 45.51 1820.50

80

Test Statisticsa

AccuracyErrors

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

599.500

1419.500

-2.020

.043

Grouping Variable: PatentExperiencea. 

NPAR TESTS

  /M-W= TER_score BY PatentExperience(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

PatentExperience N Mean Rank Sum of Ranks

TER_score With experience

Without experience

Total

40 38.38 1535.00

40 42.63 1705.00

80
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Test Statisticsa

TER_score

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

715.000

1535.000

-.818

.413

Grouping Variable: PatentExperiencea. 

NPAR TESTS

  /M-W= Productivity BY PatentExperience(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

PatentExperience N Mean Rank Sum of Ranks

Productivity With experience

Without experience

Total

40 46.59 1863.50

40 34.41 1376.50

80

Test Statisticsa

Productivity

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

556.500

1376.500

-2.343

.019

Grouping Variable: PatentExperiencea. 
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NEW FILE.

DATASET NAME DataSet1 WINDOW=FRONT.

SAVE OUTFILE='C:\Users\yfun018\Desktop\SPSS_BetweenGroups\Dominant Language

.sav'

  /COMPRESSED.

NPAR TESTS

  /M-W= Productivity BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

[DataSet1] C:\Users\yfun018\Desktop\SPSS_BetweenGroups\Dominant Language.sa

v

Mann-Whitney Test

Ranks

DominantLanguage N Mean Rank Sum of Ranks

Productivity L1=EN

L1=ZH

Total

40 43.95 1758.00

40 37.05 1482.00

80

Test Statisticsa

Productivity

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

662.000

1482.000

-1.328

.184

Grouping Variable: DominantLanguagea. 

NPAR TESTS

  /M-W= TER_score BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test
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Ranks

DominantLanguage N Mean Rank Sum of Ranks

TER_score L1=EN

L1=ZH

Total

40 39.14 1565.50

40 41.86 1674.50

80

Test Statisticsa

TER_score

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

745.500

1565.500

-.525

.600

Grouping Variable: DominantLanguagea. 

NPAR TESTS

  /M-W= AccuracyEdits BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

DominantLanguage N Mean Rank Sum of Ranks

AccuracyEdits L1=EN

L1=ZH

Total

40 42.59 1703.50

40 38.41 1536.50

80

Test Statisticsa

AccuracyEdits

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

716.500

1536.500

-.807

.420

Grouping Variable: DominantLanguagea. 

NPAR TESTS
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  /M-W= FluencyEdits BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

DominantLanguage N Mean Rank Sum of Ranks

FluencyEdits L1=EN

L1=ZH

Total

40 40.14 1605.50

40 40.86 1634.50

80

Test Statisticsa

FluencyEdits

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

785.500

1605.500

-.140

.888

Grouping Variable: DominantLanguagea. 

NPAR TESTS

  /M-W= AccuracyErrors BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

DominantLanguage N Mean Rank Sum of Ranks

AccuracyErrors L1=EN

L1=ZH

Total

40 38.43 1537.00

40 42.58 1703.00

80
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Test Statisticsa

AccuracyErrors

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

717.000

1537.000

-.843

.399

Grouping Variable: DominantLanguagea. 

NPAR TESTS

  /M-W= FluencyErrors BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test

Ranks

DominantLanguage N Mean Rank Sum of Ranks

FluencyErrors L1=EN

L1=ZH

Total

40 36.45 1458.00

40 44.55 1782.00

80

Test Statisticsa

FluencyErrors

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

638.000

1458.000

-1.895

.058

Grouping Variable: DominantLanguagea. 

NPAR TESTS

  /M-W= OnlineMT_duration BY DominantLanguage(1 2)

  /MISSING ANALYSIS.

NPar Tests

Mann-Whitney Test
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Ranks

DominantLanguage N Mean Rank Sum of Ranks

OnlineMT_duration L1=EN

L1=ZH

Total

40 38.68 1547.00

40 42.33 1693.00

80

Test Statisticsa

OnlineMT_durat
ion

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

727.000

1547.000

-.855

.393

Grouping Variable: DominantLanguagea. 
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