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Along with the rapid development of machine translation technology, language service providers have met
with great opportunities and challenges. In this context, from the perspective of creative destruction, the
study analyzes the relationship between the technological progress of machine translation and the perfor-
mance impact of language service providers theoretically and empirically.

The objective of the thesis is to study whether the active adoption of advanced machine translation tech-
nologies can improve the performance of language service providers in the long run. The role of machine
translation technology in the language service industry is indispensable.

Based on Schumpeter’s theory of innovation and from the perspective of creative destruction, the study
proposes the concepts of “positive transformation outcomes” and “negative transformation outcomes” of
machine translation technology on traditional language service providers. On the one hand, many high-tech
companies enter into the language service industry by taking the advantage of machine translation technol-
ogy, bringing competitive pressure on traditional language service providers, which is considered as “neg-
ative transformation outcomes”. On the other hand, traditional language service providers themselves can
improve translation efficiency, reduce costs and expand business line by adopting the advanced machine
translation technology, which is considered as “positive transformation outcomes”. The study then collects
data from the real language service providers and empirically evaluates the net impact of machine transla-
tion technology on the performance of language service providers. The case study based on the business
revenue data and the development trend information of two famous language service providers demon-
strates that the language service provider that adopts the advanced machine translation technology could
significantly increase the business revenue and promote positive development, while the language service
provider that avoid the new technology could result in the business revenue decline and development stag-
nation. The results indicate to some extend that currently the positive impact of the “positive transformation
outcomes” from machine translation technology have already exceeded the negative impact of the “negative
transformation outcomes” lead by machine translation technology. The role of machine translation tech-
nology should be paid more attention, especially within language service providers.

The study firstly gives a full understanding of the language service industry and machine translation tech-
nology by literature study, which is based on the predecessors’ work. Then the study creates a research
framework for analyzing the performance of language service providers based on the theory of creative
destruction, which provides a new method for studying the language service industry and its providers. The
research findings of this study also have an important significance for language service providers, high tech
companies, and the policy makers of the language service industry.

Keywords: machine translation, language service provider, statistical machine translation, neural machine
translation, corpus, translation memory, creative destruction
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1. INTRODUCTION

Currently, the global language service industry is within booming stage. The advancement of
information technology has greatly promoted the development of language services industry by
accelerating its production efficiency. In 2019, the total revenue of the global language service
industry reached 49 600 000 000 US dollars (Common Sense Advisory, 2019), which hits a new
record in the history. With the rapid development of globalization and technology, the language
service industry not only generates a huge value itself, but also radiates and drives the develop-
ment of the upstream and downstream industries, which continuously brings more affiliated value.
As the basic pillar industry of social and economic development, the language service industry
has attracted more and more attention. While as a major technological innovation within the lan-
guage service industry, machine translation technology is an important driving force for the de-
velopment of the language service industry, and its impact is getting harder to be ignored, espe-
cially to the individual language service providers. Therefore, the study will focus on the micro
subjects — language service providers. The study uses interdisciplinary study methods to analyse

the impact of machine translation on the performance of language service providers.

1.1 Study Background

Technological innovation is a major driving force of the language service industry, while machine
translation is an important representation of technological innovation and revolution. The concept
of machine translation was born as early as the 1930s, but it was not until the 1950s that machine
translation became a reality based on the application of computer (Hutchins, 2004). In the late
1980s, computer aided translation (CAT) technology, represented by translation memory (TM),
was practically used in the language service industry and became an important tool for profes-
sional translators (Hutchins, 1986). From 1990, statical machine translation (SMT) developed
rapidly, since Brown et al. (1990) of IBM proposed the SMT method based on the idea of source-
channel model. However, the method still has some defects such as high dependence on database
and relatively low quality. In 2013, Kalchbrenner and Blunsom (2013) proposed the coding and
decoding framework for end-to-end neural network machine translation (NMT), which triggered

an upsurge in NMT research. After 3 years, Google company replaced its SMT system with newly



developed Google Neural Machine Translation (GNMT) system in Google Translate, which
marks the formal commercialization of NMT technology (Wu et al., 2016). In recent years, NMT
has greatly improved the translation quality, significantly surpassed SMT in many aspects and
gradually approaching human translation level. Therefore, NMT technology has been rapidly pro-
moted and applied on many famous machine translation platforms such as Google Translate, Bing
Translate, YouDao Translate and Baidu Translate. The development and application of machine
translation technology has brought profound and overwhelming impact to the language service

industry (Hutchins, 1998; Bowker, 2002; Kenny, 2011).

In retrospect, the wide application of CAT technology enables language service providers to en-
hance the efficiency of translation through human-computer interaction and computer assisted
human mode. After that, the popularization and application of SMT technology and its quality
improvement effect make some language service providers gradually adopt “machine translation
plus human post revision” production mode to improve the efficiency (Beaton & Contreras, 2010;
Garcia, 2011; Cui, 2014; Depalma et al., 2017). This production model has produced a large num-
ber of excellent translators, rather than an improvement in machine translation technology itself.
As a result, there is still a big gap between the quality of SMT and that of human translation,
which limits the application of machine translation based SMT in the language service industry
(Mireia et al., 2011). In recent years, the rapid development and gradual commercialization of
NMT has improved the quality of machine translation fundamentally, which further deepened the
impact of machine translation technology to the language service industry (Wu et al., 2016). How-
ever, these impacts can be summarized from the negative aspects and the positive aspects (Meer,
2003; Sharoff, 2007; Petukhova et al., 2012; Luo et al., 2018; Randhawa et al., 2013; Turner et
al., 2014).

From the negative aspects, in the context that machine translation quality has achieved great pro-
gress, high-tech companies as Google, Baidu, Amazon and other famous internet companies who
are outsiders of the language service industry before will enter into the language service market
by taking the advantage of machine translation platforms, which are for example convenient, low
or no charge, relatively sufficient quality, etc, which will undoubtedly intensify the competition
within the language service industry, because these new and powerful entrants will definitely
snatch the market share of traditional language service providers (Randhawa et al., 2013; Turner
et al., 2014). From positive aspects, machine translation is playing an increasingly important role
in supporting human translation. Especially the recent NMT technology, whose translation quality

has been so impressive, which could greatly reduce the workload and working time of human



post revision part in the current mainstream “machine translation plus human post revision” pro-
duction mode (Wu et al., 2016). Therefore, the adoption of machine translation technology can
improve work efficiency, thereby expanding the space to increase business volume and enhance

market competitiveness (Olohan, 2007).

On the other hand, instead of the market shrinking caused by the powerful competitors, the overall
market for language services industry is probably to expand due to the adoption of machine trans-
lation technology. Some language service segments that have been neglected or even abandoned
because of the unachievable efficiency and unreasonable cost of human translation, such as the
on-site translation of overseas travel, localization of e-commerce website, instant translation of
social media messages, etc., have achieved rapid growth along with the maturity of machine trans-
lation technology (Esselink, 2000). From this consideration, machine translation technology ac-
tually created new market segment for the language service industry. While considering many
quality deficiencies of the current machine translation technology, human work is still needed for
this new market segment, such as review and revise the work of machine translation. Therefore,
for traditional language service providers, no matter whether or not they adopt machine translation
in their production process, they will enjoy the benefit from the increased market volume. Facing
with the positive and negative aspects of machine translation technology, the net impact of ma-

chine translation technology on the performance of language service providers is uncertain.

According to economist Joseph Alois Schumpeter’s innovation theory (1934), innovation is a
process of creative destruction, which is a basic phenomenon of economic development. Innova-
tion is constantly destroying the existing economic order and pattern, meanwhile fostering a new
economic order and pattern. Based on the mechanism, the economic system could innovate from
inside and eventually grow up. As an important technological innovation, machine translation
will also bring “creative destruction” to the language service industry. Though scholars generally
agree that innovation could boost economic growth, especially in the long run (Aghion & Howitt,
1992; Carnoy, 1997; Segerstrom, 2000; Peretto, 2003; Cho et al., 2005; Prajogo, 2006), but in
practice, it is very difficult to define the actual effect of the creative development within a partic-
ular company and to its future performance. In Schumpeter’s creative destruction theory, the final
outcome of an innovative company is depended on the game between positive effects and negative
effects (Cox & Alm, 1992; Aghion & Howitt, 1992), and the factors that affect the success and
loss are very diverse, all the elements in PESTEL macro-environment framework could play a
part, which brings very high uncertainty (Huang & Rice, 2009; Otero-Neira et al., 2009). There-

fore, the thesis uses Schumpeter’s creative destruction theory as the theoretical basis and evaluates



the net impact of machine translation technology to the performance of language service providers
in the current macro-environment by comparing the positive and negative aspects, so as to clarify
the significance of machine translation technology to language service providers. Then, to cor-

rectly guide the decision makers and investigators within the language service industry.

1.2 Study Objective

According to economist Schumpeter’s innovation theory, innovation is a process of creative de-
struction, which is a basic phenomenon of economic development (Schumpeter, 1934). The core
of the theory is that innovation constantly destroying the existing economic order and structure,
meanwhile fostering a new economic order and structure. Based on the mechanism, the economic
system could innovate from the inside and eventually grow up (Schumpeter, 1934; Aghion &
Howitt, 1992). As an important technology innovation, machine translation will also bring “cre-

ative destruction” to the language service industry.

But when studying individual language service companies, the mechanism of creative destruction
is not work directly on the performance of language service providers, but driven by its mediating
effects (Liao & Rice, 2010), i.e., the final outcome of machine translation technology to the per-
formance of language service providers is not deterministic, but mediated by the transformation
outcomes from positive and negative aspects. Innovation triggered impact, no matter positively
or negatively, can drive a company only when the actual changes really happened in the market
position and offerings of the companies (Neely et al., 2001; Zott, 2003; Gunday et al., 2011). The
thesis employed two types of transformation outcomes for each of positive and negative aspects
respectively, namely the threat of new entrants and the threat of substitutes under negative trans-
formation outcomes, meanwhile, lower cost and high efficiency under positive transformation

outcomes (figure 1).



Negative Positive
transformation transformation
outcomes outcomes

O

O

The threat of L
OWer cost
new entrants
p- N I A
The treat of Higher
substitutes efficiency
- \. /

Figure 1. Figure The transformation outcomes triggered by machine translation technol-
ogy within the language service industry.

On the one hand, high-tech outsiders such as Google, Microsoft, Amazon, Baidu etc. have entered
the language service industry with the help of machine translation technology and become strong
competitors of language service providers, which might have a direct negative impact on the latter
by forming the threat of new entrants. Meanwhile, as machine translation becomes more and more
intelligent, human translation work is facing with the threat of being replaced by machine trans-
lation, which forms the threat of substitute. Both of these are the negative transformation out-
comes of machine translation technology. On the other hand, language service providers can in-
crease translation efficiency, reduce cost, then expand business volume by adopting machine
translation technologies (Gaspari & Hutchins, 2007). The study calls these impacts the positive

transformation outcomes.

By targeting the negative and positive transformation outcomes, and analyzing their mediating

effects, the thesis aims to study...

...Whether the active adoption of advanced machine translation technologies can improve the

performance of language service providers in the long run.

In order to achieve the study objective, the thesis will mainly find ways to answer the following

question:



What is the net impact of machine translation technology to the performance of language service

providers?

Specifically, the thesis selects a commonly used business key performance indictor - business
revenue - to evaluate the performance of language service providers. Meanwhile, the thesis also
focuses on the long-term economic development trend of language service providers, aiming to

answer the following specific questions concretely through qualitative and quantitative study:

Question 1. How does machine translation technology affect the business revenue of language

service providers?

Question2. How does machine translation technology affect the long-term economic growth of

language service providers?

To address the objective, the thesis firstly reviews the previous relevant studies, summarizes the
uncertain status or the research gap within academic and industrial fields on the relationship be-
tween machine translation technology and the language service industry. Then based on creative
destruction theory and mediating effects, the thesis establishes an analysis framework, attempts
to clarify the net impact of machine translation technology on the performance of language service
providers. After that, to actually verify the framework, the author selects two typical language
service providers as the case study object. The two language service providers treat machine
translation technology with entirely different attitudes. By combining the specific language ser-
vice provider’s development track within the refined framework, and then comparing the business
revenue growth and the economic development trend of the two language service providers, the
thesis confirms that a positive attitude towards machine translation technology could improve the
performance of language service providers. Besides, through the collection of company develop-
ment data over the years, the thesis also quantitatively verifies that the advanced machine trans-

lation technology could support a long-term sound development of language service providers.

1.3 Structure Of The Thesis



Based on the review and analysis of the language service industry and machine translation tech-
nology, the thesis focuses on discussing how machine translation technology affects the perfor-
mance of language service providers. In order to clearly discuss the net impact of machine trans-
lation technology on the performance of language service providers, the study is divided into the

following five parts (figure 2).

Chapter 1 is the introduction of the study. It makes a general overview of the thesis from the study

background, study objective and structure of the thesis.

Chapter 2 is the literature review and analysis. It systematically reviews and analyzes the already
published studies and the latest information on the definition, development history, market status
and the prospect of the language service industry and machine translation technology. Then, it
focuses on the discussion of the interactions and relationships between the two, to find out the

study gap within academic and industrial fields.

Chapter 3 establishes the analysis framework of the study. It introduces the theoretical basis, i.e.,
Schumpeter’s innovation theory and the theory of creative destruction. Then, it applies the classic
mediating effect model to build an analysis framework of the study, aiming to find out the root of
the study gap discussed above and try to address the problem by further empirical study under the
guidance of the framework. In order to facilitate the research procedure, the analysis framework
is refined by fitting it into the specific environment of the language service industry and further

finding out the important influence factors.

Chapter 4 describes the empirical study of the relationship between machine translation technol-
ogy and the performance of language service providers. It begins with the data collection methods,
which plans to be used in the study, then it listed the specific questions that need to be solved in
the empirical study. Finally, the thesis applies the refined analysis framework in two case com-
panies, which react differently when facing with the development machine translation technology.
By comparing the performance outcomes from the study framework, the study objective was con-

firmed.

Chapter 5 summarizes and discusses the main findings of the study. In the chapter, the study
design and the research track are discussed again to clarify how the objective of the study is finally

argued.



Chapter 6 is the conclusion of the thesis. It summarizes the contributions and implication of the
study. On this basis, the chapter further provides recommendations to the language service pro-
viders, high-tech companies and industrial policy makers. Finally, the limitations of the study are

pointed out and the future research directions are prospected.

4

\

Literature Framework Empirical Result

review building study Conclusion

Introduction

Figure 2. The structure of the thesis.



2. LITERATURE REVIEW AND ANALYSIS

The chapter systematically reviews and analyzes the already published studies and the latest in-
formation about the definition, developing history, market status and the prospect of the language
service industry and machine translation technology. Then, it mainly focuses on the previous

studies on the interactions and relationships between the two.

2.1 An Overview Of The Language Service Industry

There are more than 200 countries, 7 billion people and 7000 languages in the world (data re-
source: Common Sense Advisory). Each country has its own language and culture. In order to
bridge the countries, language service comes into being. For the past few years, the language
service industry developed rapidly along with the technological and economic progress. Now the
language service industry has become a basic industry in the era of globalization. The section will
summarize the previous studies about the definition, development and market profile of the lan-
guage service industry, then based on the PESTEL framework, the section will look into the future
of the language service industry from the latest information of the political, economic, social,
technological, environmental and legal macro-environment. The main purpose of the section is to

have an overall understanding of the language service industry.

2.1.1 The Definition Of The Language Service Industry

A clear and unified definition for the language service industry has not yet been established, be-
cause it is a new and emerging service field. Olohan (2007) firstly proposed the concept of trans-
lation industry. According to Olohan (2007), translation industry covers businesses carrying out
activities which require a high degree of expertise and training in translation. Then, Directorate
General for Translation of the European Commission (2009) pointed out that language industry
including translation, interpreting, software localization and website globalization, as well as lan-
guage technology tool development, language teaching and linguistic issues consultation. Dunne
(2012) also agrees that the services provided by translation industry include document translation
and website localization. In the literature of recent years, Zhang (2018) believes that the language

service industry is an industry which satisfies life and business demands by providing translation
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and localization services, language consulting and training services, as well as language technol-
ogy development and application services. In addition, market and business research organiza-
tions also published their research work in language industry and language service market. IBIS-
World presented in its 2014 research report that translation industry includes companies that trans-
late written material and interpret speech from one language to another. In addition, it also in-
cludes companies that provide sign language services (IBISWord, 2014). While Common Sense
Advisory - the most authoritative translation market research company - published in its 2017
yearly report that language service market includes language services, language technology ser-

vices and non-language services (Common Sense Advisory, 2017).

By summarizing and comparing the definitions of experts and institutions from various fields, the
author realized that all of them are trying to differentiate and define the language service industry
by specifying its working content and business line. In a broad sense, the language service indus-
try includes all the related organizations in the industry chain, while in a narrow sense, the lan-
guage service industry only includes companies and institutions, which provide language transla-

tion service, technology developing service, as well as training and consulting service.

In conclusion, the study defined language service and the language service industry as the follow-

ing:

Language service is a kind of cross-linguistic and cross-cultural information conversion ser-
vice. Language service industry is an industry providing translation and localization service,
translation technology developing service, language training and education service, as well

as multilingual information consulting service.

The purpose of language service is to enable communication and integration cross-linguistically
and cross-culturally. The providers of language service include companies and individuals provid-
ing language service and developing translation technology. The author, who worked as a free-

lance translator is also a mini-scale language service provider within the language service industry.

2.1.2 The Development Of The Language Service Industry

Strictly speaking, the language service industry has already emerged when the trade activities

started thousands of years ago (Thomas, 1817). After that, the language service industry devel-



11

oped constantly along with the development of international communication and economic col-
laboration. The introduction of computer technology during World War II and the advancement
of information technology after that triggered the rapid escalation of the language service industry
(Richard, 2016). Then, the emerging of machine translation changed the whole industry funda-
mentally, it represents a revolutionary technological change of the language service industry (Wu

etal., 2016).

The efficiency of translation work is very low for a long time in language service history, because
all work has to be done manually. In addition, human translation also tends to make errors. Along
with economic globalization, the demand for translation service is not only increased in quantity
but also in quality. The price of inadequate translation quality is extremely high. Because inap-
propriate translation might lead to reputation damage, lawsuit, capital loss, and even business
calamity. Therefore, an efficient and accurate trans-linguistic communication is getting increas-
ingly important, a big amount of money and resources have been invested into the language ser-

vice industry (Lawrence, 2012).

In 1946, the invention of the world’s first computer ENIAC set the foundation for machine trans-
lation. In 1954, the first machine translation experiment was completed under the cooperation of
Georgetown University and IBM company, which kicked off the active research of machine trans-

lation (Wu et al., 2016).

While machine translation has not developed without hiccups. In 1966, the famous ALPAC (Au-
tomatic Language Processing Advisory Committee) reported that the quality of machine transla-
tion is far worse than human translation. Machine translation is expensive, inaccurate and hope-
less. Besides, ALPAC also suggested to stop the investment in machine translation research
(Pierce et al., 1966). Since then, machine translation was deserted for a period of time, and human

translation is still the main working mode in the language service industry.

In the start of 1990s, IBM company proposed the SMT technology (Brown et al., 1990), which
became a hottest research topic. Because SMT is far more efficient and accurate than all the ma-
chine translation methods before. After continuous improvement, SMT has been used extensively
in today’s language service industry. The author has been worked as a life science translator from
2011 for a famous SMT based language service provider, and almost all the author’s translation

work was done with its self-developed SMT translation software, which is the mostly adopted
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CAT tool in the language service industry. Till now, a lot of language service providers still use
SMT tool as their main working tool. While from the author’s usage experience, there is always
a big gap of translation quality between SMT and human translation. In addition, SMT is overly
dependent on corpus and TM. As a result, SMT plus human post revision is more reasonable to
ensure the final translation quality and was broad adopted within the language service industry.
As of 2017, 30% of language service providers provided human post revision service, and 4.2%

of the total industry revenue has been made from it (Depalma et al., 2017).

In 2013, Kalchbrenner and Blunsom proposed the coding and decoding framework for end-to-
end neural network machine translation (Kalchbrenner & Blunsom, 2013), which raised the con-
cern of Google company immediately. After intensive research and development, in 2016, Google
launched its NMT system, which is a breakthrough not only to the technology but also to the
whole translation service industry. The final translation result of NMT technology surpassed tra-
ditional machine translation in almost all aspects, and its translation quality is approaching to
human translation gradually and continuously (Wu et al., 2016). Because of the superiority of
NMT, many large and well-known enterprises as Google, Microsoft, Baidu, IBM, Facebook, Am-
azon, SDL, Youdao etc. adopted NMT technology, most of them were not active players of the

language service industry before.

The breakthrough of machine translation technology has increased the efficiency and quality of
translation substantially. So far, cheap and fast machine translation could be reached by almost
all the people. Meanwhile all kinds of powerful translation tools were also commercialized con-

stantly. The language service industry has entered into an unprecedented era of prosperity.

2.1.3 The Market Profile Of The Language Service Industry

According to the statistical data of Common Sense Advisor (2019), the rapid growth trend of the
language service industry emerged in 2009 and 2012. After two big ups and downs, the industry
starts to grow steadily and slowly (figure 3).
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Figure 3. The market size and growth rate of the global language service industry 2005-
2019 (Data source: Common Sense Advisor)

The revenue growth trend in figure 3 indicates from one side that the language service industry is
transforming from growth stage to maturity stage in the industry life cycle (figure 4), and several

features of the transformation have presented.
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Figure 4. The current position of the language service industry in industry life cycle (modi-
fied according to Porter, 1980, p.156).

The most obvious phenomenon is the formation of buyer’s market, which puts forwards with even
higher requirements to language service providers. Firstly, customer demand highly diversified
(Common Sense Advisor, 2019; Luz, 2019). Many customers are no longer satisfied with the
traditional translation service, but ask the language service providers to provide turn key solutions
based on their specific needs. This kind of customized service requires extremely strong multi-

capability from language service providers. The second challenge within language service market



14

is the growth of mega projects (Common Sense Advisor, 2019). The frequent economic, cultural
and technology exchange activities in the modern world brought unprecedented demand for lan-
guage service, the international mega events are getting more and more. As a result, the language
service companies need to have even higher throughput, more efficient working procedure and
stricter cost control, so as to be qualified for the mega projects. Another core capacity for language
service providers is the cross-border cooperation capacity (Common Sense Advisor, 2019). Along
with the dramatic development of artificial intelligence, the language service project itself is get-
ting more and more complex. These complex projects need not only linguistic experts, but also
experts from other areas. Therefore, the modern language service providers need to integrate mul-

tidiscipline resources, so as to survive in the industry.

Another reflexion for the transformation of the language service industry is the large number of
entrants and the intensify of competition. According to the data from Common Sense Advisory,

currently there are more than 30 000 language service providers around the wrold, and the total
revenue of top 100 language service providers takes no more than 20% of the whole market rev-
enue, and the highest record of the number was appeared in 2019, which is 15.7% (Common
Sense Advisory, 2019). While according to industrial economist Bain’s Company Concentration
Rate criteria, if the top 8 companies within an industry takes no more than 20% of the market
share, then it could be sure that the industry is decentralized (Bain, 1956). Therefore, it could be
confirmed that the language service industry is a typical decentralized industry. Besides, in the
recent 10 years, the top 5 language service companies globally are changing all the time (table 1),

which indirectly reflected the high mobility and the intensive competition within the industry.

Table 1.  The top 5 language service providers 2005-2019 (Data source: Common Sense Advi-

sor).
Rank 2019 2018 2017 2013 2009 2005
Global Lin-
1 TransPerfect | TransPerfect Lionbridge Lionbridge Lionbridge
guist Solutions
L-3 Communi-
2 Lionbridge Lionbridge TransPerfect HPE ACG Lionbridge
cations
Language- Language-
g1as g1as L-3 Communi-
3 Line Solu- Line Solu- HPE ACG TransPerfect . SDL
cations
tions tions
Language-
4 SDL SDL Line Solu- SDL SDL STAR Group
tions
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Language- )
LanguageLine
5 RWS RWS SDL Line Solu- ] RWS
. Solutions
tions

From economics theory, the perfect competition market is considered as the most effective market
structure (Gerard, 1972). While when reviewing today’s market, the various competitive behav-
iours of the companies drive the market to move away from perfect competition and enter into
fierce monopoly (Ukav, 2017). But competition is not absolute negative. In today’s world, mo-
nopolistic competition market and oligopoly market are the predominant market structures which
located between perfect competition market and monopoly market (Al-Obaidan, 2008). The lan-
guage service industry shares more features of monopolistic competition, which is still a healthy

competition (figure 5).

it -
Perfect Monopolistic Oligopoly MO”_?EC_’}XD--’
competition competition —
Language
service indusgy,__,_,.-r-r--
. Concentration
level

Figure 5. The current market structure of the language service industry (re-drawn accord-
ing to Ukav, 2017).

Because if the market is lack of competition and meanwhile highly concentrated, it will have
negative results as disproportionate price system and resource misallocation (Akan, 2002). The
various of studies above showed that the language service industry is a decentralized growth in-

dustry, which has many evenly matched competitors.

2.1.4 The Prospect Of The Language Service Industry

The section analyzes the opportunities and challenges within the language service industry from
political, economic, social, technological, environmental and legal dimensions based on the clas-
sical macro-environmental analysis framework - PESTEL framework of Johnson & Scholes

(1993), and envisioned the future of the language service industry (table 2).
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Table 2.  PESTEL analysis of the language service industry.

P Politics Governments paid more attention to language services
Big regional difference of economic development
E Economics ) o
Economic globalization trend
Deepening international cultural exchange
S Society .
Increasing demand for overseas travel
Artificial Intelligence
T Technology | Cloud computing
Mobile Internet
Environ-
E . . .
ment Uncertain and dynamic environment
Indispensable position of human translation in professional indus-
L Legal )
tries.

Firstly, governments have given more concerns to language services, which is the main political
macro-environment of the language service industry (US Department of Defense, 2005 & 2006).
The language capacity of a country related directly to national security and national interests. In
recent years, the feature of language service has been transformed from a traditional tool to a
national strategic tool. For example, America has combined its language service demands with
national defense demands after 911 event, and published Defense Language Transformation
Roadmap and National Security Language Initiative. Besides, governments also support the lan-
guage service industry in specific aspects, such as industrial policy, institution setting, industry
criterion, etc. (Olohan, 2007), which will promote the further development of the language service

industry immensely.

Next, the main economic macro-environment of the language service industry is the big regional
difference of economic development and the trend of economic globalization, which increased
the vitality of international trade, especially for multinational corporations (Gaspari & Hutchins,
2007; Gaspari et al., 2015). As a branch of the modern service industry, the development of the
language service industry is closely related to the economic structure and developmental stage of
a country. The language service industry of Europe and north America are obviously more pros-
perous than other areas around the world (DePalma et al., 2017). Along with the strong trend of
economic globalization, international trade has become an important part of the country’s national
economy. For example, the booming of cross-border e-commerce triggered a surge of instant

language service. But the reverse globalization trend, such as China vs US trade conflict and
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Brexit hindered the growth of international trade, which brought uncertainties to the future of the

language service industry.

Thirdly, the deepening of international cultural exchange and the increasing of outbound tourism
demand constructed the main social macro-environment of the language service industry. Lan-
guage is the core carrier of cultural diffusion (Wang, 2014). Superior quality of translation service
is needed to transfer a variety of video, musical and literature works into locally acceptable prod-
ucts. The prosperous of cultural industry in today’s world drove the growth of the language ser-
vice industry. In addition, as one of the fastest-growing industry, tourism industry is taking more
and more shares in international service industry (Song, 2019), the continuous growing of out-
bound tourism in the recent years boosted the demand for language service, but the global out-
break of coronavirus hindered the encouraging momentum, which indirectly delayed the progress

of the language service industry (EU language industry survey, 2020).

Fourthly, the predominant technological macro-environment of the language service industry is
that artificial intelligence and cloud computing technology promoted the active development of
machine translation technology, meanwhile, the extensive application of mobile internet greatly
enriched the multimedia contents (Esselink, 2000; Doherty, 2016). According to IDC report, the
public cloud services market in 2019 totalled 233.4 billion USD and increase by 26% compared
with 2018 (IDC, 2020). In the language service industry, the spring up of cloud translation plat-
form decreased the cost and increased the efficiency greatly by integrating the information, lan-
guage specialists, study data and industrial resources (Esselink, 2000). Furthermore, could com-
puting also resolved the problem of local storage restriction (Mahmood et al., 2013). As a result,
more and more language service companies choose to process their data in the cloud, and com-
plete the translation tasks. As time goes on, even more data will be accumulated in the cloud, so
as to better train or educate the human professionals for SMT or the Al for NMT (Common Sense
Advisory, 2019). In general, the development and integration of new technologies are remoulding
the language service industry as a whole. At the same time, the acceleration of internet technology
promoted the information content industry by decreasing the threshold for content creation, which
increased the demand of language service tremendously (Doherty, 2016). Therefore, internet tech-
nology is a driver for the language service industry. Facing with the booming of technology, high-
tech companies, like Google, Amazon, etc., which were previously outsiders of the language ser-
vice industry entered into it as strong competitors, the technology development is an opportunity

as well as a challenge for language service companies.
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Fifthly, the current uncertain and dynamic environment promotes the innovative activities within
the language service industry. In a stable market environment, all the parties within the industry
chain do not tend to change (Huang et al., 2009), which trapped the innovators into negative
position (Hargadon & Douglas, 2001). While according to the market profile discussed in section
2.1.3, the competition is relatively fierce (table 1 and figure 5) in the current language service
market, so it could be reduced that, the environment of the language service industry is no longer
stable, but dynamic. In a dynamic industry, change is normal (De Clercq et al., 2011). The enter-
prises must innovate to keep pace with the change (Grag, et al, 2003), therefore, in the language
service industry, the language service providers should also tend to search new things, for exam-
ple, new technology, new market segment, etc. But within the dynamic environment, the new
entrants usually are more innovative (Zahra & Neubaum, 1998), and innovative enterprises most
of the time will beat or squeeze out the non-innovation enterprises in the dynamic environment
(Grag, et al, 2003). The current dynamic market environment will definitely place more challenge

to the traditional language service providers.

Finally, is the legal macro-environment of the languages service industry. Currently, the machine
translation technology has achieved great progress and is continuously approaching to excellent
human translation level (Wu et al., 2016). As a result, in many of the causal application, for ex-
ample, the shopping website, social media and chatting platform, machine translation could sub-
stitute human work completely. But in some professional fields, considering the legal importance
and the serious consequence caused by translation errors, human translation still holds an im-
portant place, for example, Life science industry (Gaspari et al., 2015) and national defense in-
dustry (US Department of Defense, 2006). Nowadays, the most popular production mode in the
language service industry is “machine translation plus human post revision” (Beaton & Contreras,
2010; Garcia, 2011; Cui, 2014; Depalma et al., 2017). Then, the human revision part has became

the most valuable market share for language service providers (Depalma et al., 2017).

Based on the PESTEL analysis, the macro-environment of the language service industry is mixed
with hope and uncertainty, opportunities and challenges. Therefore, a reasonable theoretical and

practical guidance is very important for the growth of the language service providers.

2.2 An Overview Of Machine Translation Technology
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From about 1980 onwards, machine translation technology has undergone three major changes in
succession, facing with such rapid progress, the recognition of the public or even the industry
insiders to machine translation are probably out of date. The section systematically reviews and
analyzes the definition, development sequence, the present application situation and the future
trend of machine translation technology based on the previous literatures and the latest infor-
mation. The aim is to present a whole history and future roadmap of machine translation in front
of the readers, so as to let them have an objective and comprehensive meanwhile professional

recognition of machine translation.

2.2.1 The Definition Of Machine Translation

Machine translation could be traced back to the years without computers (Thomas, 1817). Be-
cause of the hardware limitation, the early machine translation is just an idea. In 1949, the vice
president of Rockefeller Foundation Warren Weaver published his famous work The “Transla-
tion” Memorandum, within which the idea of machine translation was officially proposed. The
main points are: firstly, machine translation is similar to decoding. Secondly, some general lan-
guage or intermediate language could be used to translate the source language to the target lan-
guage (Locke & Booth, 1955). For the next fifty years, machine translation transferred from idea
to reality, and got matured rapidly along with the development of technology and globalization
(Doherty, 2016). Therefore, the author summarizes the definition of machine translation from two
aspects - technological carrier and application purpose, i.e., machine translation is a procedure

which transforms one nature language to another nature language by computer programs.

2.2.2 The Development Of Machine Translation

The core task of translation is to recreate the source content with the target language on the basis
of source meaning understanding (Nida & Taber, 1982). If machine translation is used in the
program, it will experience three stages, which are source analysis stage, source target transfor-

mation stage and target generation stage (figure 6).
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Source language (input) Target language (output)
Source analysis —»{ Source target transformation |——» Target generation

Figure 6. The stages of machine translation (modified from Musatafa et al., 2018).

In 1954, the machine translation firstly changed from idea to reality under the cooperation of
Georgetown University and IBM company, they used IBM-701 computer translated thirty sen-
tences from Russian to English (Pugh et al., 1955), which becomes the earliest application of
CAT. In the following years, the dominantly adopted machine translation technology is Rule-
Based Machine Translation (RBMT), whose core is manually composed language rules (Musatafa
et al., 2018). The procedure is: firstly, language rules are composed by linguists, then computer
algorithm is generated based on these rules, so as to instruct the computer to do the translation
work (figure 7). From the perspective of artificial intelligence, the RMBT procedure is similar to
the language learning process of adults (Ronald, 2020). Though the language rules could describe
semantics and syntax intuitively and accurately, but because language is a flexible and consist-
ently developing thing, the subjective rules cannot cover all the language phenomenon. Besides,
the conflicts within the rules also cannot be solved properly (Yuan, 2011). All these major defects

hindered the widely adoption of RBMT technology.

Language rules L » Computer algorithm Machine translation

Figure 7. RMBT procedure (modified from Musatafa et al., 2018).

In 2007, Johansson realized that semantically corresponding parallel texts are the primary re-
source for exploring translation procedure (Johansson, 2007). Baker (1993) further analysed the
importance of corpus in translation study and opened up a brand-new study field - corpus-based
translation study. Then came Corpus-Based Machine Translation (CBMT), whose core is corpus
application. CBMT lets the computer automatically learn the nature language rules from the large-
scale corpus, then applies the learning results to translation practice (figure 8). From the perspec-
tive of artificial intelligence, the RMBT procedure is similar to the language learning process of
children (Ronald, 2020). Currently, the main implementation methods of CMBT are SMT and
NMT (Devlin et al., 2014).
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Corpus L »  Computer learning Machine translation

Figure 8. CMBT procedure (modified from Musatafa et al., 2018).

SMT is invented by IBM company (Brown et al., 1990) and it used to be the core translation
technology of Google translate, Baidu translate and many other machine translation platforms.
The basic idea of SMT is to consider translation as a probability statistics procedure, i.e., any
target language sentence is a translation version of any source language sentence, and the final
purpose of SMT is to find out the target sentence with the maximum probability (Brown et al.,
1990). In SMT method, all the language rules and knowledge are presented in probability forms,
the process of machine learning is actually a process of establishing probabilistic model. There-
fore, manually composed language rules are no longer needed, and the degree of human interven-
tion is reduced substantially. Theoretically, the larger of the corpus, the smarter of SMT, and then
the higher of the translation quality (Ronald, 2020). But in reality, the infinite expansion of corpus
could introduce more errors and conflicts, which leads to worse quality of machine translation.
So high quality human post-translation revision work is still inevitable for SMT (Su, 2007; Li,
2005).

The above-mentioned defects of SMT could be nicely resolved by NMT - an advanced technology
which was just appeared in 2010s (Wu et al., 2016). NMT achieved language transformation di-
rectly from nonlinear neural network, it could not only decrease the human revision work load in
SMT, but also eliminated the dependence of the machine on large-scale corpus by taking ad-
vantage of context materials (Devlin et al., 2014). The NMT technology is started from End-to-
End Neural Machine Translation framework proposed by Kalchbrenner & Blunsom (2013), then
in 2014, Google company combined NMT with an early technology long short-term memory
(Hochreiter & Schmidhuber, 1997). After that, Xu (2015) also introduced the “attention” model,
which further improved the performance of NMT. In November 2016, Google company finally
changed its previous SMT translation system to GNMT system. According to Google research
team, the translation quality of NMT is significantly higher than SMT and its translation result is

highly close to human translation in accuracy (Wu et al., 2016).
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Figure 9. The development stages of machine translation technology

In conclusion, the development stages of machine translation technology are illustrated in figure
9. As each machine translation method has its own advantages and disadvantages, the further
technology development is actually a process of complementarity and synergy within or without
the discipline, i.e., the so-called Multi-Strategy Machine Translation (MSMT) or hybrid machine
translation (Li et al., 2015). It could further increase the performance of machine translation by
harmonizing different translation strategies, and meanwhile introduce advanced scientific meth-
ods from other subject areas. For example, SMT does not abandon RMBT absolutely, but letting
the machine to find and learn the semantics and syntax automatically by recording the human
revision behaviours (Laviosa, 2002). Similarly, the basic idea of NMT is inherited from SMT
(Devlin et al., 2014). In addition, NMT also combined many technologies from psychology and
physiology (Wu et al., 2016). Nowadays, the machine translation technology has been developed
from machine aids human to human aids machine, the final purpose of machine translation is to

eliminate human intervention in translation process (Ronald, 2020).

2.2.3 The Market Application Of Machine Translation

From the perspective of customers, machine translation is fast, cheap and convenient, it could be
applied in carriers like computer software, smartphone APP, etc., so as to enable the reading of
contents with unknown languages (Hutchins, 2011). For example, Facebook and WeChat embed-
ded machine translation function in their social medias, which simplified and promoted the com-
munication among different language users. Amazon also developed machine translation inde-
pendently for its shopping platform, which increased the chance of revenue generation by helping
customers to check product comments from different languages users and get product information
quickly with their own familiar languages. Google company used machine translation system in
its search engine, which could help the customers to search for relevant web contents in different

languages, and translate the web contents into the target language according to the customer’s
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requirement. Microsoft Skype provided real-time speech translation function by combining
speech recognition technology with NMT technology. After that, Tencent Machine Translation
further provided video subtitle generation and translation function on the basis of Skype’s

achievement.

From the perspective of language service companies, the demand was mainly from the industries
with higher translation quality requirements (Depalma et al., 2017). Most of the time, the language
service companies need to combine machine translation with human post revision (Garcia, 2011).
They could use the software or plug-in from machine translation providers or connect with the
machine translation engine by application program interface, so as to get the real time service,
then to optimize the translation procedure and increase the productivity (Hutchins, 2014). Since
the end of 1990s, so many language services companies had applied SMT in professional fields
(Gaspari & Hutchins, 2007). Beaton & Contreras (2010) analysed the application performance of
machine translation plus human post revision in airline industry, and found out that the combina-
tion of the two could save 30% of cost for language service companies without compromising the
translation quality. In the modern world, SMT technology has been broadly used in information-
technology, airline, financial, business consulting and administration industries (Gaspari et al.,
2015). The earliest SMT application developer SDL plc has become the leader of life Science
translation solution under the help of its SMT software Trados Studio (Common Sense Advisory,
2019). In recent years, along with the emergence and local application of NMT, machine transla-

tion technology has penetrated into every aspect of human life (Hutchins, 2015).

2.2.4 The Prospect Of Machine Translation

The section envisioned the technology application direction of language service companies by
analysing the pros and cons of machine translation. The primary advantages of machine transla-
tion are simply fast, cheap and convenient (Gaspari & Hutchins, 2007), but the vocabularies and
expressions in natural languages are normally too rich for machine to master (Ronald, 2020). In
addition, the language ambiguity, for example polysemy is also a great challenge to machine
translation, because most of the time, machine translation cannot handle the problem properly
(Yuan, 2011). Furthermore, the meaning of nature language is usually influenced by context and
emotion, which is almost undetectable by machine, only the recent NMT technology could handle

the problem to some extent, but it still cannot match with the work of human experts (Feng, 2018).
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Another drawback of machine translation is the dependence of corpus (Li et al, 2015). As the
current two mainstream technologies, SMT and NMT are both corpus dependent machine trans-
lation system, the translation quality of them is highly dependent on the size and quality of the
corpus, in case of data missing, the machine will be inadequately trained, then consequently limits
the quality of the final translation result (Li et al, 2015). Meanwhile, moral and legal issues are
usually aroused when sharing and utilizing the corpus resources. The involved interest correlation
groups include the developers of machine translation, the users of machine translation, the build-
ers of the corpus, the original authors of the corpus data, etc., and the problems include but not
limited to business secret, intellectual property and other confidential data. Therefore, the related

work in sharing of these resources is very complex (Drugan & Babych, 2010).

As a result, source text classification will become the primary pre-work for machine translation
application of language service companies (Sharoff, 2007; Petukhova et al., 2012; Kong & Cui,
2018). For work concentrates with efficiency instead of quality, for example, social media content,
the language service companies will rely entirely on machine translation. But if there are at least
a little requirement on quality, such as product leaflets, the language service companies will apply
human aids machine model, in which machine is the main productive force and human assists its
work. However, for professional text with extremely high-quality requirements, like academic
literature, the language service companies will still maintain the dominant role of traditional hu-
man translation, and let the machine to supplement the human work, so as to increase the effi-

ciency without messing up the quality (Beaton & Contreras, 2010; Garcia, 2011).

While comparing with the already extensively applied SMT, NMT could study faster and translate
better, the studies of Bentivogli et al. (2016) and Wu et al. (2016) have confirmed that the trans-
lation quality of NMT is far above SMT. Wu et al. (2016) also proposed that the accuracy of
GNMT is close to human translation. Though the entirely replacement of human translation is
still unachievable for NMT, along with the development of NMT technology and other areas of
technology, the engagement level of machine translation in language service companies is set to

get higher and higher.

2.3 Study On The Relationship Between Machine Translation Tech-
nology And The Language Service Industry
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So far, three major technological revolutions have happened in the language service industry. The
first is the extensive adoption of CAT tools in 1980s, the second is the popularization of SMT in
1990s, and finally is the emergence and application of NMT from 2010s (Hutchins, 2014). Except
for structure upgrading of the language service industry, machine translation also caused the tech-
nological paradigm shift within the language service industry (Kuhn, 1962; Dosi, 1982). Mean-
while, the productivity of the language service industry is facing with unprecedented challenge
by increasingly frequent international activities, which indirectly promoted the rapid development

of machine translation technology (Hutchins, 1998; Bowker, 2002; Kenny, 2011).

Dunne (2012) believes that the development of machine translation technology in the past 25
years greatly changed the language service industrial structure. Machine translation has become
one of the hottest topics for language service researchers since Systran launched the first online
machine translation platform in 1988 (Hutchins, 2014). Currently, studies on the relationship be-
tween the language service industry and machine translation technology could be classified into
three groups: the first group thinks that the development of machine translation technology will
significantly promote the structure upgrading of the language service industry (Meer, 2003;
Sharoff, 2007; Petukhova et al., 2012; Doherty, 2016; Wu, 2016; Luo et al., 2018); the second
group believes that machine translation technology is still too weak to significantly influence the
language service industry (Yang & Lange, 2003; Prior, 2010; Drugan & Babych, 2010; Specia &
Farzindar, 2010); the third group concentrates on the study of machine translation commerciali-
zation and application effect in the language service industry (Koehn & Senellart, 2010; Anasta-

siou & Gupta, 2011; Gaspari et al., 2015; Doherty, 2016; Wan, 2018).

The study of the first group showed that the development of machine translation can promote the
structure upgrading of the language service industry significantly. Meer (2003) reviewed the de-
velopment history of the language service industry and confirms that the huge commercial de-
mand for language services is one of the major motives for machine translation technology de-
velopment, while the revolution of machine translation technology changed the production para-
digm of the language service industry. Luo et al. (2018) states that the innovation of machine
translation and the popularization of internet-based language service platforms will remodel the
industrial structure and the growth pattern of the language service industry. While according to
the general consensus within the language service industry, machine translation has better trans-
lation result only for text with relatively simple language features (Yang & Lange, 2003; Drugan
& Babych, 2010). Previous studies have shown that manual and semi-automatic text classification

could significantly improve the quality of machine translation, so that machine translation can be
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applied more widely in the language service industry and have a profound impact (Sharoft, 2007;
Petukhova et al., 2012).

Some of the studies focused on the relationship between the online machine translation platform
and the language service industry. Online machine translation platform is an important study field
in machine translation (Flanagan, 1997), however, the influences of online machine translation
platforms in 1990s, such as, Systran Center and CompuServe, are very limited (Gaspari &
Hutchins, 2007). From late 1990s to the early 2000s, breakthroughs have been made in SMT
technology, which was widely used in online machine translation (Brown et al., 1990). The Babel
Fish online machine translation platform launched in 1997 is the first translation platform for all
the internet users, meanwhile, it is also the first influential online translation platform (Gaspari,
2004). The business demand of online machine translation platform was huge already when it
firstly appeared, and the demand increasing trend is particularly strong (Brace et al., 1995; Mack-
lovitch, 2001; Smith, 2003; Baron, 2003; Gaspari & Hutchins, 2007; Luo et al., 2018), because
of the low cost (most of the time even no cost) and high efficiency characteristics (Gaspari &

Hutchins, 2007).

With the disadvantages of high cost and low efficiency, the traditional human translation mode
experienced tremendous impacts. In some countries, the language service industry has already
widely recognized and used online machine translation platforms in specific service areas
(Randhawa et al., 2013; Turner et al., 2014). In addition, most of the current online translation
platforms are provided by well-known internet companies whose users spread all over the world,
such as Google, Microsoft, etc., therefore, the influence to the language service industry is bound
to be significant (Doherty, 2016). This kind of influence is further deepened by the recent devel-
opment of NMT technology, which increased the machine translation quality substantially (Wu

et al., 2016).

The study of the second group demonstrated that the current machine translation technology is
not enough to make significant influence to the language service industry. Yang & Lange (2003)
investigated the early users of online machine translation platform - Babel Fish, and discovered
that more than 50% of the source texts translated by Babel Fish are shorter than 5 words, and only
20% of the source texts are longer than 20 words, which indicates that online machine translation
platform could only meet temporary needs and the users still need to have some knowledge of the
source language, thus the extensive use is difficult. Prior (2010) believes that online machine

translation platform cannot provide customized service for different expertise fields, so it is hard
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to impact substantially to language services industry. Drugan & Babych (2010) also confirmed
the limitations of machine translation by analysing the language distance problem in Google
Translation Toolkit. Specia & Farzindar (2010) even proved that because of the inadequate quality
of machine translation, more human work is needed for post revision. Besides, the studies men-
tioned above generally agree that without human post revision, machine translation will still make
a large number of errors, though the quality of machine translation has already been improved
prominently. In consequence, manual intervention is still an indispensable part (Depalma et al.,

2013; Cui, 2014).

The study of the third group discussed the commercializing and the application effect of machine
translation technology in the language service industry. Koehn & Senellart (2010) analysed the
combination application of machine translation system and the translation memory (MT) in the
language service industry. Anastasiou & Gupta (2011) discussed two translation working modes
- the crowdsourcing translation mode and the machine translation mode. Wan (2018) reviewed

the application of CAT tools and machine translation systems in the language service industry.

In addition, a plenty of studies also focused on the attitude and usage of practitioners - translators,
project managers, proof-readers, etc.- to machine translation within the language service industry.
According to the early investigation, most of the translation experts just response negatively to
machine translation, only few of them recognize its usefulness (Fulford, 2002; Fulford & Granell,
2004). But the situation has changed in the recent years. Roturier (2009) found that many agency
translators have improved the quality of machine translation through professional methods. Gas-
pari et al. (2015) collected questionnaires from 438 freelance translators, and confirmed that the
importance of machine translation has been broadly recognized by the practitioners of the lan-

guage service industry.

Since the start of 2000, machine translation systems based on all kinds of technologies have been
used extensively in the language service industry (Doherty, 2016). Besides, more and more re-
searchers have noticed the necessity of adding machine translation and computer aided translation
courses in language talents education programme (Bowker & Marshman, 2010; O’Hagan, 2013;
Doherty & Kenny, 2014; Mellinger, 2017). Chen et al. (2016) sampled 100 language service
companies around the world and investigated the talent demand in the international language ser-
vice market, which showed that computer operation has become the core competence of language
service talents. Yao & Si (2018) also analysed 1 200 job advertisements of language service com-

panies and reported that more than 40% of the language service companies required explicitly for
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technology competence of translators. Thus, it can be seen that machine translation technology

has been broadly recognized and urgently needed within the language service industry.

From the microscopic aspect, the previous literatures mainly studied the language service industry
from its definition, development history and market profile; from the macroscopic aspect, the
previous studies considered the impacts of political, economic, social and technological environ-

ment to the language service industry.

Most of the relevant studies before are carried out by technical experts and linguistics, who con-
centrate mainly on the academic significance of machine translation technology instead of its
commercial and practical significance. Especially for NMT technology, which is just developed

in 2010s.

By reviewing the studies about the relationship between the language service industry and ma-
chine translation, 3 research directions are summarized. The first one thinks that the development
of machine translation will significantly promote the restructuring of the language service indus-
try; the second one believes that machine translation is still unable to significantly impact the
language service industry, and the third one mainly fucuses on the commercialization and appli-

cation status of machine translation technology in the language service industry.

From the general overview of the previous studies, it is still uncertain whether machine translation
technology will influence positively or negatively to the performance of language service provid-

ers, the main reason from the author’s opinion is that:

There is a research gap of machine translation technology between academic and industry
field, especially the new technology breakthrough — NMT. The current study on the commer-
cial impact of NMT to the language service industry and providers is very rare. Because the
commercialization and application of NMT technology are still in early stage. While most of
the previous studies are conducted before the emergence of NMT, so the study results cannot
properly reflect the current status, which could be one reason that the situation is still unclear
about the impact of machine translation technology to the performance of language service

providers.
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Therefore, the thesis intends to clarify the net impact of machine translation technology on the
performance of language service providers, thus eliminating the uncertainty over the topic, so as
to confirm the important role of machine translation technology, which is the final objective of
the study. To do so, the thesis will establish an analysis framework in the next chapter, then, to

use the framework in the specific environment of the language service industry.
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3. RESEARCH FRAMEWORK

Innovation has been generally regarded as a key factor affecting the firm performance (Schum-
peter, 1934; Roberts, 1999; Cho et al., 2005, Prajogo, 2006). Many companies try their best to
achieve higher profits through innovation in different ways (Cho et al., 2005). While in practical
terms, the impact of innovation on firm performance is not unconditionally positive (Hargadon
and Douglas, 2001). Innovation has its multi-faceted features, which needs to be considered
deeply. The chapter focuses on the creative destruction theory (Schumpeter, 1934) and the medi-
ating effects (Liao & Rice, 2010) of innovation on company performance, and established a
framework to analyze from the positive and negative aspects of innovation, so as to summarize
its net impact on company performance. Then, the framework is further refined in the study topic
of the thesis - the machine translation technology and the performance of language service pro-
viders. Because machine translation technology is obviously a technological innovation in the
language service industry, the framework could well fit into the analysis environment and provide

a clearer and stronger argument of the relationship between the two.

3.1 Innovation And Company Performance

The theory of innovation and technological change can be traced back to the economist Schum-
peter, because Schumpeter is believed to be the first scholar to introduce the world to the concept
of entrepreneurship (Aghion & Howitt, 1992). According to Schumpeter (1934), the entrepre-
neurs controlled the economy because they are responsible for delivering innovation and techno-
logical change. Since Schumpeter put forward the important role of innovation in economic de-
velopment in 1934, innovation has been widely regarded as the key factor affecting company
performance (Schumpeter, 1934; Aghion & Howitt, 1992; Roberts, 1999; Cho et al., 2005, Pra-
jogo, 2006). In Schumpeter’s The Theory of Economic Development (1934), he interpretated and
expounded “innovation” as “new combinations”, i.e., innovation is to introduce a new combina-
tion of production factors into the production system. In other words, innovation procedure is
actually a procedure of setting up a new production function, and there are totally five variables
in the function, which are: (1) new product; (2) new method; (3) new market; (4) new source of

raw materials; (5) new production organization (figure 10).
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Figure 10. The variables of innovation function.

According to Schumpeter (1942), innovation is a basic phenomenon of economic development,
but it is also a process of “creative destruction”. The “new combinations” will disrupt the existing
economic order and structure continuously and fundamentally, meanwhile establish new eco-
nomic order and structure. Then, the noninnovative counterparts will be replaced and rendered
obsolete. In other words, the competitive advantage created by innovation is superior and could
facilitate economic growth and economic performance in the long run. Most of other literatures
also support the viewpoint and claim that innovation is one of the key factors for company success
and survival (Bell, 2005; Cho and Pucik, 2005; Jimenez & Sanz-Valle, 2011;) and sustainable
competitive advantage (Johannessen, 2008; Bartel and Garud, 2009; Standing and Kiniti, 2011).
The positive impact of innovation to company performance is direct in academic field. While
when discussed in practical situation, the results have not always been in line with the theory, i.e.,
there are a number of studies suggest that innovations do not necessarily bring better performance
(Hargadon and Douglas, 2001). Aiming at the problem, researchers propose the concept of trans-
formation outcomes (Liao and Rice, 2010; Neely, et al., 2001), which refers to the actual efficacy
of innovation. The main idea is that the impact of innovation is not act directly on company per-
formance, but driven by innovation derivative effect mediated by the transformation outcomes,
and innovation related activities can drive a company’s competitive advantage only when trans-
formation outcomes actually happened. By applying the classical mediating effect model (Baron
& Kenny, 1986), the mediating effect model of innovation impact on company performance is

illustrated in figure 11.
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Figure 11. The mediating effect model for innovation impact on company perfor-
mance (modified from Baron & Kenny, 1986).

Meanwhile, though most scholars believe that innovation has done more good than harm to the
economy as a whole (Bell, 2005; Cho and Pucik, 2005; Johannessen, 2008; Bartel and Garud,
2009; Jimenez & Sanz-Valle, 2011; Standing and Kiniti, 2011), however, in practise, it is difficult
to define the relationship between the rate of creative growth within a particular company and its
future growth trend (Hargadon and Douglas, 2001). Considering the two-sided nature of creative
destruction theory, the transformation outcomes could have positive aspects and negative aspects.
It is the net outcome that finally influences the performance of the company. Therefore, by intro-
ducing parallel variables into the mediating effect model of figure 11, the thesis builds up a theo-
retical framework to research the relationship between innovation and company performance (fig-

ure 12).

Positive
transformation
outcomes
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Innovation 4+-——=—======

Negative
transformation
outcomes

Figure 12. The framework to research the relationship between innovation and com-
pany performance.
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The framework in some extent points out why there are uncertainty or different opinions within
academic and industrial fields on the topic whether machine translation technology impact posi-
tively or negatively on the performance of language service providers and within the language
service industry. Because the actual transformation outcomes triggered by innovation represented
by machine translation technology also has two sides, which needs to be investigated in detail,

especially needs to be investigated quantitively.

The primary purpose of the framework is to examine the positive and negative mediating effects
of transformation outcomes on company performance, so as to evaluate the net impact of innova-
tion. Meanwhile, the framework does not necessarily deny the possible direct effects on company

performance from innovation (Roberts, 1999).

3.2 Framework Refining

As an important technological innovation within the language service industry, machine transla-
tion technology could also bring “creative destruction”. High-tech companies such as Google,
Microsoft, Amazon, Baidu etc. have entered the language service industry with the help of the
technology progress of machine translation. In other words, the high-tech companies use a new
method - machine translation penetrates into a new market - language service market. According
to the variables of innovation function (figure 10), the technology innovation in the language
service industry is actually triggered by the combination of new method and new market (figure

13)

New \

method: | e

‘-\ machine
\‘ms@’
- \

“ Technology
\ innovation

. New \ \
/  market:
‘ |

language <
| service )

h T



34

Figure 13. The technology innovation within the language service industry.

The transformation outcome of the innovation is to introduce strong new entrants in to the lan-
guage service industry, which become powerful competitors of traditional language service pro-
viders. To the performance of language service providers, this will be a negative transformation
outcome of innovation. While the positive transformation outcomes of the technological innova-
tion are also simple and obvious, which are lower translation cost and higher translation efficiency.
According to Beaton & Contreras (2010), the production mode of machine translation plus human
post revision could save 30% of cost without compromising the quality of translation. In Beaton
& Contreras’ time, machine translation mainly refers to SMT technology, which is being replaced
by NMT. According to Google investigator Wu (2016), the latest NMT has worked extremely
close to human translation. Though there is still no relevant statistical research data to evaluate
the combination of NMT and human post revision, while according to the author’s actual working
experience, the cost saving and efficiency improving outcomes of NMT assisted translation is at
least twice as good as the previous SMT. Though the complete replacement of machine to human
is still not technically possible currently, however, in some casual conditions, for example, social
media content, customers could rely entirely on machine translation (Hutchins, 2015). In addition,
in order to expand the corpus, many high-tech companies provide cheap or even free machine
translation service to accumulate more and more powerful corpus (Hutchins, 2015), which forms
the second forces - substitute - within the language service industry. A part of the market share
which belongs to the language service providers before will disappear, and the business volume
of traditional language service providers are facing with possible decrease. Therefore, by finding
out the specific influence factors of machine translation to the performance of language service
providers, the technological innovation of the language service industry represented by machine
translation technology has positive transformation outcomes and negative transformation out-

comes, which is illustrated in the refined framework in figure 14.
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Figure 14. The refined framework of machine translation technology and the perfor-
mance of language service providers.

the thesis will explore the mediating effects of machine translation technology on the performance
of language service providers based on the discussion of the two-sided influence mechanisms. By
specifically targeting the influence factors which forms the positive and negative transformation

outcomes, the research could be guided in a clearer line.

Based on Schumpeter’s innovation theory (Schumpeter, 1934) and the classical mediating effect
model (Baron & Kenny, 1986), the study constructs an analysis framework of the impact of in-
novation on the company performance from the perspective of “creative destruction”. Then, the
thesis further applies the framework to the environment of the language service industry, mean-
while considered the mediating effect of positive and negative transformation outcomes, then by
targeting the specific influence factors of positive and negative transformation outcomes, the the-
sis further refined the analysis framework, to make it more proper and practical to analyze the
impact of machine translation technology on the performance of language service providers. In
the empirical study of the next chapter, the refined framework in figure 14 will be practically used

to test the performance result of two case language service providers.
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4. EMPIRICAL STUDY

In the empirical study part, the thesis tries to make up the research gap and to clarify the uncer-
tainty discussed in the theoretical part by presenting and analyzing two case studies. Because case
study focuses more on concrete details than general theories (Shona, 2019), which is a good sup-
plement to the thesis argument. In case study, the researchers using one or more specific real-
world subjects to summarize, verify or supplement some rules or regularities by reducing and

constructing concrete, contextual and in-depth knowledge (Yin, 2013).

The author has worked within language service industry for ten years, and has experienced two
of the three major revolutions of machine translation technology in the language service industry.
During the ten years work, the author has worked for more than ten famous large language service
providers, and currently actively worked for four large language service providers, which are
ranked top 50 from the latest market research report of Common Sense Advisory (Common Sense
Advisory, 2020). As a result, the author has got a comprehensive understanding and in-depth
practical experience within the languages service industry and some of the important language
service providers within the industry. All of these will qualify the author to select the most proper

cases and conduct a convincing empirical study.

Taking a general overview of the current situation, and combining the theoretical study result in
chapter 2, it is the uncertainty of the net impact of machine translation technology to the perfor-
mance of language service providers, which hindered the rapid commercialization and broad ap-
plication of machine translation technology. The research gap between academic and industry
field is the most possible cause of the uncertainty. Considering that the case study can build a
concrete and easy understanding alternative to a complex reality (Yin, 2013), the author will con-
duct a comparative study by selecting and analyzing two typical cases, so as to compare and

illustrate different aspects of the research problem.

4.1 Data Collection
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The case study could be qualitative and quantitative (Minor et al., 1994). Qualitatively, interviews,
questionnaire, observations, as well as analysis and extracting of primary and secondary sources,
for example, news publication, official records, and even personal experiences could be used, they
are generally non-numerical data; quantitatively, some numerical data will be collected and ana-
lyzed. The data resources of quantitative method include company annual reports, official statical
reports, etc., which involve wider populations and longer times (Pritha, 2020). Gummesson (1993)
categorized data collecting into five methods, and the study will take two of them to collect the

needed data (table 3).

Table 3.  Data collecting methods used in the thesis (Gummesson 1993).

Method Description

Existing material Everything that is conveyed by other me-
dia than humans, for example, books, arti-
cles, mass media reports, brochures and

films.

Action science The research method can contain all other
types of research methods and requires the
active involvement of the person doing the

research.

The table above shows the data collecting methods used in the thesis and a brief description of
what each of the method means. The plan of the thesis is to form the basis of the study by com-
bining the theoretical framework and the empirical data (Groth, 2000). Initially, through literature
study from the previous academic papers, market research reports of trusted authorities, company
websites and the author’s personal knowledge and work experiences, the thesis got a comprehen-
sive understanding of the main topics of the study, including the language service industry and its
providers, different machine translation technologies and the relationship between the two. By
summarizing the literature study content, the author noticed the core problem, which is the dif-
ferent attitudes to machine translation technology between academic and industry fields, as well
as within the language service industry. One of the probable reasons is that the big progress made
in the academic field of machine translation technology has still not been fully recognized and

well commercialized within the language service industry
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Then, the author established a theoretical analysis framework based on well-established and ex-
tensively recognized theory — Schumpeter’s innovation theory (Schumpeter, 1934), as well as the
classic model — mediating effect model (Baron & Kenny, 1986), aiming to find out the root of the
problem and try to address it. In order to do so, the theoretical framework will be further refined,
to make it more practical to use in the language service industry (figure 14). To firmly demonstrate
the objective of the thesis, which is to study whether the active adoption of advanced machine
translation technologies can improve the performance of language service providers in the long
run, the thesis selects two language service providers as the case study subjects, namely case A

and case B. The reason for choosing these two case companies is that:

1. The author has worked as a translator for these two case companies for many years, and from

the long-term working experience, some rule of thumb information could be obtained.

2. The two companies treated advanced machine translation technology with entirely different
ways, which provides a good chance to compare the pros and cons of machine translation
technology. When facing with the development of machine translation technology, Case A
language service provider actively took measures to accept the new technology while case B
company chose to avoid it. Therefore, the research design of the thesis is to highlight the
distinction between two cases, then to clarify the net performance impact of language service

providers that embrace new technology and those that reject it.

In empirical study, the author will compare the business revenue and development trend of the

two language service providers, and answer the following question:

Question 1. How does machine translation technology affect the business revenue of language

service providers?

Question2. How does machine translation technology affect the long-term economic growth of

language service providers?

Profitability is an important indicator of company performance. When combing the research
framework (figure 14), Under negative transformation outcomes, after high-tech companies pen-
etrating into the language service industry with the help of machine translation technology, they
may grab some market share from language service providers and reduce their business revenue.
While under positive transformation outcomes, language service providers can improve the effi-

ciency of translation by adopting machine translation technology, thus increase the business vol-
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ume and obtain higher revenue without compromising the service quality. Because the two im-
pacts go in opposite directions, the net impact on the business revenue of language service pro-
viders is uncertain. As a result, the following sections try to clarify the question through compar-
ing the two cases, which is a fruitful and easy understanding way of argument with indisputable

facts (Levy, 2014).

Firstly, the financial information will be collected from the company annual reports and the mar-
ket research reports of trusted authorities, which could be used for quantitative study. After that,
the economic development trend of the companies will be evaluated from concrete financial data
of the above listed resources and the author’s latest information as an insider. The data collecting

methods of each of the study part are illustrated in figure 15.

Literature Study

Study on language service industry Existing material

Study on machine translation technology Existing material and action science

Study on the relationship between machine o )
translation technology and language service Existing material
industry
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language service industry

Existing material and action science

Enpirical study

The impact of machine translation
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Existing material and action science

The impact of machine translation o ) ) )
technology to the performance of AAC Existing material and action science
Global
Comparative analysis and conclusion Existing material and action science

making
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Figure 15. The research structure and the corresponding data collection methods.

4.2 Overview Of the Two Case Companies

Founded in 1992, case A language service provider is a global leader and innovator in language
and content management solutions, its customers are scattered across a wide range of industries,
including technology development, manufacturing, life sciences, automation, aerospace, retail,
business services, government, financial, legal, etc. By the end of 2019, case A language service
provider has more than 70 branches in 38 countries, and more than 90 of the world’s top 100
companies are its customers. case A language service provider’s two core businesses - language
service and language technology - had entered into China market from 1990 and established a

team of about 300 people in China. The author belongs to the its Life Sciences translation team.

From 2011 to 2015, the author worked with case A language service provider as a life science
translator. Almost all the translation project has been done under “machine translation plus human
post revision” production mode. The case A language service provider self-developed a machine
translation tool, which could not only support the translation, but also support the team work and
project management. The author used the machine translation tool as a translator, and helped to
maintain the TM of the machine translation tool. During the work, the author used the machine
translation tool from developing trial version to the final commercialized version, as well as the
following several updated versions. Therefore, the author has an in-depth and comprehensive un-
derstanding of the mechanism and features of its machine translation technology, as well as the
business development strategy based the technology. Because of the excellent compatibility and
user experience, the machine translation tool developed by case A language service provider has
been widely adopted by other peers within the language service industry. So, even the author left
the case A language service provider from 2015, the author still actively used its machine trans-

lation tool for other language service providers.

Founded in 1971, case B language service provider is one of the leading global B2B learning and
translation services providers in northern Europe, with the headquarter in Finland. The service of
case B language service provider includes translation and localization, training and learning, mar-
keting and content services, etc. In terms of strategic objectives, case B language service provider
aims to become one of the top three language service providers in the Nordic region; In terms of

translation services, case B language service provider is the market leader in Finnish translation
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services. It has an extensive network of partners and a long-term cumulated term base. Based on
the minor language - Finnish, case B language service provider provides services to Northern
Europe and around the world. But in terms of financial data, the business revenue of case B lan-
guage service provider presents a trend of overall declining. In 2018, case B language service
provider was acquired by a French language service provider, where the author has served for
seven years. As a result, the author also got the honour to share the knowledge and experience

with the team of case B language service provider.

From the end of 2018, the author started to work for case B language service provider as a trans-
lator. Few works have been done by machine translation and the order volume is very low. Most
of the author’s work is still from the previous project managers of the French language service
provider. The case B language service provider, who currently operated as an affiliate of the

French language service provider seems still stick to the old pure human production mode.

Both language service providers are same in business line and development mode. They share the
same customer populations and vendor resources. As a result, they are in the same industry chain,

which creates a very good comparability.

4.3 Business Revenue And Growth Trend
4.3.1 Case Company A

Since 2008, merger and acquisition (M&A) activities among language service providers are get-
ting hotter. Famous language service providers like SDL, Lionbridge, Merrill, RWS, TransPerfect
and Semantix have made so many mergers and acquisitions, mostly for the purpose of enhancing
their technological strength (Olohan, 2007). Thus, technological progress is an important driver
of M&A within the language service industry. The main purpose of the acquirers is to acquire
new technology, improve technological strength and then enhance competitiveness (Zollo & Me-

ter, 2008).

On July 2010, case A language service provider announced the acquisition of 85% company stake

of company L, a pioneer company in machine translation technology (Common Sense Advisory,
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2011). To explore whether the acquisition event created value for case A language service pro-
vider, its business revenue and growth rates from 2008 to 2012 is summarized (figure 16). From
the figure, before the acquisition event, case A language service provider’s business revenue con-
tinued to decline, but after the acquisition event in 2010, the business revenue and growth rate
recovered significantly, indicating that the technology acquisition behaviour improved the busi-

ness performance of case A language service provider from economic aspect.
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Figure 16. The business revenue and growth rate of case A language service pro-

vider from 2008 to 2012 (data source: company annual report).

In addition, with the development of the global internet, people are in an era of information ex-
plosion. As information is presented in more and more complex ways, internet users need to read
a big amount of content quickly, which cannot be satisfied if only relying on human translation
(Luo, 2018). So, in the past, the market in this area is mostly abandoned, but just because of the
emergence of machine translation, most of the work that should be done by human is substituted
by efficient machine, which revitalized the market. This is the two-faceted feature of the substi-

tution threat.

To take the advantage of the good aspect, in the end of 2009, case A language service provider
has launched the first trial version of the machine translation tool for in-house translators and
project managers, achieved a comprehensive post revision capability for machine translation. Af-
ter the partly substitution of machine translation to human translation, “machine translation plus
human post revision” language service market has become the biggest market for traditional lan-
guage service providers (Doherty, 2016), and case A language service provider grasped the mar-
ket share firmly. In addition, the acquisition of company L enhances case A language service

provider’s technical capabilities in the machine translation market. After the technical acquisition,
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case A language service provider developed the cloud-based CAT tool, which supports the col-
laboration, knowledge sharing and style harmonization among translators. The technical strength
makes case A language service provider a strong competitor among other language service pro-

viders for a long time.

4.3.2 Case Company B

In 2010, the development and commercialization of SMT technology have reached its peak, and
the more advanced NMT technology just come into being, while just from this time, the business
revenue of case B language service provider presents a trend of overall declining (figure 17).
Especially in 2016, the business revenue has fallen to 17 000 000 USD compared with the peak
business revenue of 49 000 000 USD in 2008.
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Figure 17. The business revenue of case B language service provider from 2007 to
2017 (data source: company annual report).

However, in 2016, the whole Europe accounts for 50.29% of the global translation service market,
and has been the most important market for language translation services for many years. Among
them, North Europe and West Europe always occupy the majority of the market, indicating that

the overall external market environment has not deteriorated significantly (figure 18).
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Figure 18. The market share of Europe language service market from 2010 to 2018
(data source: Common Sense Advisory).

Therefore, the revenue decline of case B language service provider should not be a coincidence,
and it must have something to do with its attitude to new technology. Because one the other hand,
its Nordic counterpart — company S, which is founded 1969, has the business revenue in 2007
roughly the same with case B language service provider. But in 2017, the revenue of company S
was 5 times more than case B language service provider (data source: company annual report).
On the issue of technology innovation, company S is the first language service provider in Europe
to adopt the cloud based neural machine translation platform by cooperating with the language
technology company M. By taking the advantage of the efficiency and convenience of advanced
technology, company S has won a large market share. Compare with its competitor, case B lan-
guage service provider is much more conservative. The service contents of case B language ser-
vice provider are mainly minor languages represented by Nordic languages, and its translation
services are mainly based on the customer service network and traditional term base translation
technology. According to the information on its website, case B language service provider be-
lieves that minor languages such as Finnish and Swedish are not necessary to apply machine
translation. In other words, the small domestic market limits the profits of technology innovation
(Otero-Neira, et al., 2009), then in turn, prevents the active adoption of advanced technologies,

such as machine translation and cloud computing.

However, in a dynamic environment where technology changes overwhelmingly, the competi-
tiveness of non-innovators will be weakened when facing with the intense competitive rivalry
(Garg, 2003). In 2016, Google announced that they will officially apply the GNMT to Google
Translate. Meanwhile, Google also provides paid API service on the basis of free translation ser-

vice, so that the third-party companies including language service providers can also use GNMT
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in their business (Wu et al., 2016). The event marked the first official commercialization of neural
machine translation and also constitute a macro-environment of technology innovation within the
language service industry. In the thesis, the event provides a perfect example of “positive trans-
formation outcomes” and “negative transformation outcomes” in the theoretical analysis frame-
work (figure 14). On the one hand, Google competes with language service providers through
free and paid machine translation services; on the other hand, the technology is also open to lan-
guage service providers, which could help them reduce costs and increase translation efficiency.
However, just in the same year, the revenue growth rate of case B language service provider fell
to the bottom (figure 19), and was eventually acquired by a French language service provider in

2018.
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Figure 19. The growth rate of case B language service provider from 2012 to 2017
(data source: company annual report).
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S. RESULTS AND DISCUSSION

From the above two cases, the rapid development and commercialization of machine translation
technology is a double-edged sword for language service providers. Language service providers
are facing with new challenges along with the continues updating and spreading technology
(Dunne, 2012). Then, how to deal with the constant changes become one of the important topics.
But at the same time, new technologies also mean new opportunities and new possibilities (Ro-

turier, 2009).

By conclusion, case A language service provider successfully counterbalanced the negative trans-
formation outcomes introduced by new high-tech entrants and the machine translation substitu-
tions (figure 14). From the language service provider’s company financial data and the author’s
long-term working experience during its most important development stage, the net impact of
machine translation technology to the performance of case A language service provider is positive

(figure 20).
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Figure 20. Check and balance between negative transformation outcomes and posi-
tive transformation outcomes in case A.
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As a new language service provider developed under the progress of typical machine translation
technology, company L has produced a huge synergistic effect after integrating with case A lan-
guage service provider. The traditional language service industry is a labour-intensive industry,
the business volume that a language service provider can undertake is basically determined by the
staff size of the company. Moreover, due to personnel management problems, the marginal cost
of management personnel will also increase as the company grows in size. But machine transla-
tion technology, as a new and innovative technology, can not only greatly reduce the language
service provider’s reliance on translators, but also improve their language processing efficiency.
Meanwhile, form the author’s personal using experience, with the increase in the amount of ser-
vices, the accuracy of the machine translation algorithm will continue to improve, which de-
creases the marginal cost fundamentally. Therefore, case A language service provider gets the

full benefits from positive transformation outcomes of machine translation technology (figure 20).

During this period, the author used and participated in the maintenance of the life science TM of
all the machine translation tools developed by case A language service provider. From the au-
thor’s personal experience, on the one hand, the application of machine translation technology
has greatly improved the quality of translation of case A language service provider. It better con-
nects the linguistics and industrial experts to meet the diverse needs of customers. On the other
hand, the use of technology helps case A language service provider to improve the efficiency of
translation. In addition, with the increase of the translation amount, more and more data are avail-
able in the TM, then the efficiency of machine translation will be getting higher. The continuous
improvement of translation quality and efficiency makes case A language service provider more
competitive. For the original customers, case A language service provider connects vertical in-
dustries in relevant fields, which is difficult to be substituted and will obtain a large number of
re-purchase orders; for potential customers, case A language service provider has obvious ad-
vantages in terms of quality, efficiency and cost performance, so it is relatively easy to expand
new customers. Thus, the active adoption of advanced machine translation technology keeps case

A language service provider the leading position in the language service industry.

So, for innovators like case A language service provider, the adoption of machine translation
technology could have both negative transformation outcomes and positive translation outcomes
(figure 20), the challenge is how to make the most of the positive effects to neutralize the negative
effects. But for non-innovators like case B language service provider, only negative transfor-
mation outcomes could be experienced. Therefore, the net impact of machine translation technol-

ogy to the performance of case B language service provider is negative (figure 21).
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Figure 21. Check and balance between negative transformation outcomes and posi-
tive transformation outcomes in case B language service provider.

By reviewing and analysing of the language service industry, the study realizes that technology
innovation and progress is the important driving force for the development of the language service
industry, and machine translation technology is the main representative of technology innovation
and progress in the language service industry. However, in the literature review, there is still the
uncertainty within academic and industrial fields about the topic whether machine translation
technology will impact positively or negatively to the performance of language service providers
and within the language service industry. In order to find out the root of the uncertainty, the author
cited the classical theory - Schumpeter’s innovation theory. According to Schumpeter’s innova-
tion theory (1934). The study believes that, as an important technological innovation, machine
translation technology will bring creative destruction to the language service industry (Aghion &
Howitt, 1992; Cox & Alm, 1992; Cho et al., 2005; Prajogo, 2006). In other words, it will bring
both positive and negative impacts to the performance of language service providers. On the one
hand, new technology has brought new entrants. Many high-tech companies enter into the lan-
guage service industry by taking the advantage of machine translation technology, then grab the
market share away. Besides, the machine translation itself has been able to replace a lot of human
work, which becomes an effective substitute. These two factors could have a negative impact on
language service providers. In the theoretical framework of the study, the impact is called “nega-
tive transformation outcomes” (figure 14). On the other hand, language service providers adopting
advanced machine translation technologies can improve their work efficiency, reduce costs and

gain higher business revenue. In the theoretical framework of the study, the impact is called “pos-
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itive transformation outcomes” (figure 14). It is the mediating effect of the negative transfor-
mation outcomes and the positive transformation outcomes that decided the final net impact (Liao
& Rice, 2010). By studying the business revenue and the development trend of case company A
and case company B under the guidance of the framework established especially for analysing
the mediating effects of machine translation technology on the performance of language service

providers, the thesis aims to answer two specific questions:

Question 1. How does machine translation technology affect the business revenue of language

service providers?

Question2. How does machine translation technology affect the long-term economic growth of

language service providers?

The empirical study result based on the two questions mentioned above is summarized in table 4.

Table 4.  The result comparison of the two cases.
Items Case A Case B
Machine translation technology Accepted and Rejected

actively developed

Business revenue Increased Decreased

Business revenue growth rate Increased sharply Decreased sharply

Long-term economic growth Enter into benign Business volume de-
development creased and be acquired

From the empirical study, the thesis demonstrated that the language service provider actively
adopting machine translation technology actually gain more benefits from the “positive transfor-
mation outcomes” than the attacks from “negative transformation outcomes”. The specific mani-

festations are:

1. Business revenue grow faster after the adoption of machine translation technology.

2. The development of the language service provider entered into a virtuous circle.
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However, the revenue of the language service provider that did not adopt the new technology
showed a declining trend. Furthermore, in the event of a major technological breakthrough, the

growth rate of its business revenue showed a remarkable decline.

The case study result is that, the net impact of machine translation technology on the performance
of language service providers is largely determined by the company’s attitude towards the new
technology. Companies that do not adopt new technologies cannot enjoy the benefits brought by
the “positive transformation outcomes”, so the impact of machine translation technology is
mainly manifested as the negative impact (figure 21). While for companies adopting new tech-
nologies, the positive impact of “positive transformation outcomes” outweighs the negative im-
pact of “negative transformation outcomes” (figure 20). Except for the significant business reve-
nue growth, the language service provider could also ensure a long-term economic development
resulted from the robust technological advantage. Therefore, actively adoption of advanced ma-
chine translation technologies can improve the performance of language service providers in the
long run. The role of machine translation technology in the language service industry is unignor-

able.
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6. CONCLUSION

6.1 Contributions Of The Thesis

Machine translation technology, as an important driving force for the development of the lan-
guage service industry, has undergone great changes in recent years, which bringing both chal-
lenges and opportunities to language service providers (Hutchins, 2015). According to the core
concept of creative destruction under Schumpeter’s innovation theory (Schumpeter, 1934), the
technological innovation as machine translation will have pros and cons to the performance of
language service providers, and the final outcome is determined by the mediating effect of both
sides (Liao & Rice, 2010). Therefore, the study focuses on discussing the net impact of machine
translation technology on the performance of language service providers, meanwhile tries to con-
firm the unneglectable role of machine translation technology in the current language service
industry. The robust result of the study comes from the empirical study of two real cases selected
from the author served language service providers. By combining the refined research framework
and the real cases, the objective of the study, which is to study whether the active adoption of
advanced machine translation technologies can improve the performance of language service pro-
viders in the long run, is well analyzed and argued, in addition, a clear and firm conclusion has
been achieved, that machine translation technology could positively influence the performance of
the language service provider and its long-term economic growth. The role of machine translation
technology in the current language service industry is unignorable. From the definite conclusion,

the thesis will have not only academic but also practical contributions.

Academically, the thesis established a refined framework, which is especially useful for analyzing
the impact of machine translation technology on the performance of language service providers.
This framework has strong applicability when conducting researches on the relationship of tradi-
tional production mode and technology innovation. Therefore, it could be used as a reference for

further investigations on the related fields.

Practically, the study has important reference contributions for both industry policy makers and
language service providers in the language service industry. To industry policy makers, through
a systematic analysis of the history and the current situation of the global language service indus-

try, and a comprehensive review of the development of machine translation technology, the study
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has clarified the significant influence of technology progress on the development of the language
service industry. The progress of computer technology represented by machine translation will
promote the development of the language service industry as a whole (Doherty, 2016; Wu, 2016;
Luo et al., 2018). The structure upgrading of the language service industry depends on technology
progress, which is closely related to the investment in research and development (Kuhn, 1962;
Dosi, 1982). By confirming that currently, actively adoption of advanced machine translation
technologies can undoubtably improve the performance of language service providers in the long
run, the thesis addressed the unignorable role of machine translation technology in the language
service industry. The result could ensure the industrial policy makers to truly recognize the need
to increase R&D investment in relevant technologies, so as to promote the structural upgrading

of the language service industry.

To language service providers, by analyzing the impact of machine translation technology on the
performance of language service providers, the study identifies the determinants of language ser-
vice providers’ performance — advanced machine translation technology. The result will provide
a right guidance to the vision plan of language service providers. Given that machine translation
technology will exert positive and negative impacts on language service providers, then how to
maximize the benefits of machine translation technology and properly cope with the correspond-
ing risks and challenges is the most important thing that the decision makers of language service
providers need to think about. The few measures mentioned in the case study could even be di-
rectly referred. For example, rapid improvement of technology by M&A (Case A) and maintain-

ing long-term competitiveness by independent R&D (Case A).

6.2 The Main Contributions Of The Thesis

The contribution of the thesis is mainly reflected in two aspects: theory development and practical

guidance for practitioners.

The theoretical contribution of the study is: based on Schumpeter’s innovation theory and com-
bining the classic mediating effect model (Schumpeter, 1934; Baron & Kenny, 1986), the study
firstly proposed the concept of “positive transformation outcomes” and “negative transformation
outcomes”, and then used them to establish a research framework to analyze the relationship of

machine translation technology and language service providers.
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The practical contribution of the study is: the thesis firstly combined translation technology stud-
ies with economic science. The study used the innovation and progress of machine translation
technology as the main line, and makes a systematic review and analysis of the language service
industry from four aspects: definition, development history, market profile and macro-environ-
ment. Then, in the context of machine translation technology innovation and progress, the study
is the first to empirically analyzed the impact of advanced machine translation technology on the

performance of language service providers based on Schumpeter’s innovation theory.

6.3 Limitations and Future Research

The empirical study conducted by the thesis only involved two individual cases, though some of
the data comes from the author’s first-hand sources and has the strong credibility and persuasive-

ness, the conclusions drawn from the case may not be universal applicable (Yin, 2013).

In addition, there is no standard analysis method for case study. Therefore, different understand-
ing of the collected data could lead to different conclusion (Yin, 2013). For example, in the thesis,
the impact of machine translation technology on the performance of language service providers
is reflected through the data of business revenue, but the quantitative analysis of the net impact is
not specific because of the limited data sources. Then, different understandings of the data might

happen. To address the problem, more comprehensive and detailed data is needed.

Finally, the study hopes to generate more discussion on the relationship between NMT technology
and the performance of language service providers, but in the selected cases, only one year of
NMT technology commercialization record could be traced. Therefore, only short-term effects of
the current latest technology can be observed. In the future study, data can be collected over a
longer time span. In this way, not only the long-term effects of NMT technology could be studied,

but also the dynamic changes of its impacts could be explored.
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