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Technology foresight has received increasing attention in China among academic scholars and policy makers.
This paper, based on an analysis of global technology foresight features, systematically summarizes and discusses
academic studies, governmental practices, and policy applications regarding technology foresight in China, asso-
ciatedwith bibliometrics, expert interviews, and desk researchmethods. The evidence of both theoretical studies
and practical activities indicates that technology foresight has rapidly developed in China. This development pro-
cess can be divided into three periods: the exploration, rapid development, and maturation periods. Technology
foresight activities in China enable stakeholders to consult with each other, which leads to a technology foresight
culture. Further, many problems in developing and planning with science, technology, and innovation can be
solved when comprehensive approaches are adopted to conduct technology foresight activities, including
large-scale Delphi survey, scenario analysis, technology roadmap, and bibliometrics, among others. Currently,
technology foresight is not only an essential instrument, but is also widely applied in China to develop planning
and policies regarding science, technology, and innovation activities. Alternatively, the methodology of Chinese
technology foresight and its application to science and technology planning must further improve.
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1. Introduction

Motivators for science and technology progress are increasingly
complicated. This trend has changed, from “internal factors of the tech-
nology system determine the trajectory of technology development” to
“interaction between technology and social and economic development
determines the trajectory of technology development,” which then
evolved to “the technology trajectory has multiple possibilities and the
future trajectory can be selected through present policies” (Research
Group of Technology Foresight towards 2020 in China, 2006). At the
same time, confronted with increasing global economic competition,
policy-makers and scientists are grappling with the problem of how to
select the most promising research areas and emerging technologies
on which to target resources and, hence, derive the greatest benefits
(Martin, 1995). To develop oriented-future policies in this situation of
complex driving forces, technology foresight (TF) has been considered
an appropriate method to manage science, technology and innovation
activities (Georghiou, 2013). The term “Technology Foresight” took off
in the 1990s, as European, and then other, countries sought new policy
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tools to deal with problems in their science, technology and innovation
systems (Miles, 2010). Technology foresight activities and studies effec-
tively assist in planning and managing uncertainty levels, which have
received more and more attention in emerging countries.

Technology foresight has gradually become the focus of academic re-
search and policy-making, which is particularly significant in China, as
this large emerging country requires science and technology strategies
to realize advancing development based on innovation. An increasing
number of scholars and policymakers in China consider technology
foresight as an integrated, comprehensive platform for developing
science and technology (S&T) planning and policies. They regard tech-
nology foresight as a crucial approach to identifying national strategic
demands, and grasping the trend of innovative, global science and tech-
nology. Recently, technology foresight has reached a new peak to meet
S&T planning and demands in implementing China's innovation-driven
development strategy, and has been applied to dynamically adjust S&T
strategies and policies to optimize resource allocation.

Technology foresight provides an approach of developing policy in
the complex context. It is imperative to discovermore scientific, reason-
able ways to develop science, technology and innovation policies when
facing social and economic development uncertainties amid increasing-
ly complicated international situations. As links between modern S&T
and socioeconomic development have tightened, and science and
mic studies, governmental practices and policy applications, Technol.
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technology discussion topics have penetrated various social and
economic fields, features differ in developing and implementing long-
term S&T planning, compared to previous periods. For example, science
and technology policies have integrated with policies in other fields,
such as agriculture and industry, in variousways. In spite of those in sci-
ence and technology circles, the policy development process has begun
to involve more stakeholders, including enterprises and the public.
Therefore, the policy-making process requires each stakeholder's par-
ticipation and consultation (Grupp and Linstone, 1999). Before technol-
ogy foresight exercises in policy-making, decisions were commonly
made by a few elites based on their unique personal insights. Technolo-
gy foresight provides an interactive policy-making process and partici-
pation of different parties. As are argued in Martin (1995), foresight is
a ‘process’, not just a set of techniques, and involves consultative
procedures to ensure feedback to and from relevant actors. We should
note that foresight does not predict a predetermined future, but actively
shapes the future through the involvement of players and decisions in
the present (Cachia et al., 2007; Meissner, 2012).

Technology foresight provides an interactive and communicative
platform among all kinds of stakeholders in policy-making. Foresight
exercises are seldom limited to small expert groups, and are participato-
ry, involving a wide range of stakeholders. This opens stakeholders'
minds to new possibilities for the future (Cachia et al., 2007; Meissner,
2012). The technology foresight process enables all stakeholders to
discuss how to shape society in the future. Each group communicates
during this process to reach a consensus for future directions, which
creates amechanism and network for realizing future development. Re-
searchers from institutes and colleges, as well as personages from both
enterprises and the public, participate in this process, which facilitates
the efficient communication of opinions from different perspectives to
agree on the key issues in developing relative policies. As this process
can reduce risk and avoid incorrect decisions as to the technology devel-
opment trajectory asmuch as possible, it enhances scientific, reasonable
approaches to developing innovative policies for science and technolo-
gy (Ren, 2008; Fan, 2003). Policymakers using technology foresight re-
sults can clearly indicate to the science, technology, and innovation
communities that they are broadly considering a bottom-up approach,
rather than purely top-down (Meissner, 2013, p.59).

Although technology foresight techniques have obtained much
progress, the review research of practices or applications in the
specific-country context is rare in the extant literature. Some relevant
researches are focused on the advanced countries (see, Georghiou
et al., 2008), and few literature gives attention to the development
and applications of technology foresight in emerging countries. China
is one of emerging countries earlier introducing and applying technolo-
gy foresight to develop S&T planning and policies. However, current lit-
erature lacks a systematic summary of academic research and its latest
applications, as well as how it supports S&T planning and formulation.
A review of technology foresight activities in China is needed and
attractive in terms of governmental practices and policy applications,
which may provide some potential implications for technology
foresight practices and studies in future. Since technology foresight
can't escape from the social-economic factors in one country, some in-
teresting and specific findings are expected in the specific context of
China. This paper provides a comprehensive summary of the methods,
academic research, and policy applications of technology foresight as
adopted in China. It also conducts a comparison and analysis of technol-
ogy foresight from an international perspective, and aims to provide a
reference for technology foresight in China.

The rest of this paper is organized as follows: Section 2 analyzes
global trends in journal articles and technology foresight practices, as
well as global technology foresight features. Section 3 discusses domes-
tic developmental trends in journal articles and governmental practices
of technology foresight in China. Section 4 reviews and analyzes Chinese
technology foresight methods. Section 5 illustrates the latest national
technology foresight activities in China since 2013. Section 6 discusses
Please cite this article as: Li, N., et al., Technology foresight in China: Acade
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how technology foresight impacts and supports S&T planning and
formulation in China. Finally, Section 7 provides a summary and some
directions for future research.

2. A summary of international studies and practices in technology
foresight

International trends in technology foresight are analyzed in this
study from two aspects: journal articles and practices. The former is ob-
served through the number of journal articles relevant to technology
foresight by searching the SSCI (Social Sciences Citation Index) periodi-
cal database, adapted to retrieve international articles. As themanner of
technology foresight presentation differs in international articles, the
retrieval is conduced according to subjects containing “technology
foresight,” “technology forecasting,” “technological foresight,” “technol-
ogy forecast,” “technological forecasting,” or “technological forecast.”
This provides the greatest extent of comprehensive coverage, and 416
journal articles are obtained (1967 ̶ 2015).

Combining technology foresight practices and research trends as il-
lustrated in Fig. 1, global technology foresight exercises can be divided
into two stages. First, the exploratory stage occurs before 1990, when
technology foresight activities initially began, and few countries
organized and conducted such exercises. Moreover, Japan's technology
foresight was the most representative. The number of journal articles
from 1971 to 1990 regularly fluctuated once every five years, which
parallels Japan's conducting of technology foresight activities every
five years. This means that Japan's technology activity guided the global
academic study of technology foresight prior to 1990.

The high-speed development stage ranges from 1990 to the present.
From 1990 to the early twenty-first century, academia and various
countries' governments gradually began to discover the importance of
technology foresight. Many countries, including the United Kingdom,
China, France, Germany, Italy, India, and Korea, launched technology
foresight activities, and the number of countries performing technology
foresight activities significantly increased. After the early twenty-first
century, the number of countries conducting technology foresight
activities still increased worldwide, and the annual average number of
journal articles was at its peak (see also Fig. 1). As a result, technology
foresight's importance reached a new height. Significant technology
topics and their development trends, identified by technology foresight
activities, are essential references for grasping the development trends
in science and technology, and for nationally cultivating new competi-
tive advantages. Presently, countries' technology foresight activities
have five basic features, as follows:

First, technology foresight closely focuses on not only the develop-
ment of future science and technology, but also the market's pull.
Technology foresight, in other words, includes the selection of critical
technologies as well as the recognition of economic and societal
demands. For example, future vision research studies have been priori-
tized by several large-scale technology foresight activities in China.
Instead of pursuing the full coverage of academic departments or tech-
nical classification, key points are stressed in accordancewith demands.
Additionally, S&T planning for future technology development paths
and development strategy selection can be performed by constructing
a future social vision.

Second, more focus has been on future prospects to support trans-
formations in manufacturing and industrial growth. In early 2010, the
United Kingdom's Government Office for Science published a report,
Technology and Innovation Futures: UK Growth Opportunities for the
2020s, in which one of the keymessages is “there are strong opportuni-
ties for growth in the UK economy through the 2020s if businesses can
harness scientific and industrial capabilities to take advantage of
technology-enabled transformations in manufacturing, infrastructure
and the Internet”. The same department published another report in
2013, The Future ofManufacturing: A NewEra of Opportunity and Chal-
lenge for the UK. The analysis and advice in this report will help the
mic studies, governmental practices and policy applications, Technol.
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Fig. 1. The number of international TF journal articles in the SSCI database (1967–2015).

3N. Li et al. / Technological Forecasting & Social Change xxx (2016) xxx–xxx
government amplify its support of the manufacturing industry. This
tendency also emerged in China.

Third, surveyed experts come from more extensive fields. Recently,
with the exception of technology experts, technology foresight activities
have widely involved governments, enterprises, and the public, so
future science and technology scenarios can be generated with a more
comprehensive, broader view. Some countries have recently conducted
technology foresight surveys by disclosing their Internet questionnaires
to the public. Recent technology foresight activities conducted by China
have also attached increasing importance to feedback from business
circles and the public.

Fourth, increasing concern has been placed on emerging technology
anddisruptive innovation. The latter has significantly impacted industry
structures, from travel to computer retailing to communications, and
has often produced social change in the process, although social
change caused by disruptive innovations is largely unintentional
(Christensen et al., 2006, p. 1). Thus, many countries especially
emphasize the scanning and analysis of disruptive technologies, using
quantitative methods or such questions as which technology is the
most disruptive.

Fifth, organizations in various countries that conduct technology
foresight activities are rather stable, which is beneficial for the
accumulation and inheritance of knowledge. With its fifth survey in
1992, Japan's National Institute of Science and Technology Policy
became a major institution for the implementation of technology fore-
sight activities; in Germany, both the Federal Ministry of Education
and Research and the Fraunhofer Institute for Systems and Innovation
Research play significant roles in technology foresight activities.
China's national technology foresight activities are implemented and
conducted by such institutions as the Chinese Academy of Science and
Technology for Development (CASTED), under the Ministry of Science
and Technology (MOST); and the Institute of Policy and Management
(IPM) under the Chinese Academy of Sciences (CAS).
Fig. 2. The number of Chinese TF journal arti

Please cite this article as: Li, N., et al., Technology foresight in China: Acade
Forecast. Soc. Change (2016), http://dx.doi.org/10.1016/j.techfore.2016.08
3. Trends in journal articles and governmental practices of technol-
ogy foresight in China

The CSSCI (Chinese Social Sciences Citation Index) database is uti-
lized to search Chinese journal articles related to technology foresight,
and ultimately to comprehend trends in Chinese technology foresight
studies. Some Chinese scholars and institutions (such as CASTED and
MOST) capitalize on “technology forecasting” to express technology
foresight. Therefore, this study's retrieval from the CSSCI database
searches both subjects and the full text for “technology foresight” or
“technology forecasting.” This retrieval's starting time is the year 1998
because the CSSCI was founded in 1998. As a result, 268 and 1889
Chinese journal articles were obtained for “subject retrieval” and “full
text retrieval,” respectively, from 1998 to 2015.

Fig. 2 indicates that the number of Chinese journal articles gradually
and more slowly increased from 1998 to 2001. Technology foresight
practices were successively launched in China during this period. The
Ministry of Science and Technology organized and implemented critical
national technology selection in 1992 to 1995, and 24 critical technolo-
gieswere chosen from the fields of information, biology,manufacturing,
and material. Corresponding achievements were applied in the “Ninth
Five-Year S&T Planning.” Moreover, this also compelled some depart-
ments and regions to conduct critical technology selection activities to
serve their S&T planning formulation. The MOST and other institutions
conducted individualized foresight activities from 1997 to 1999,
regarding the development of technology in three key fields: agricul-
ture, information, and advanced manufacturing. The results were used
in the formulation for the “Tenth Five-Year S&T planning.” Meanwhile,
abundant experience was accumulated, both theoretically and
practically, and an expert network of specialized personnel engaged in
technology foresight studies came into existence (Xue and Yang,
2005). Subsequently, China's technology foresight evolved into an
exploratory period.
cles in the CSSCI database (1998–2015).

mic studies, governmental practices and policy applications, Technol.
.010

http://dx.doi.org/10.1016/j.techfore.2016.08.010


4 N. Li et al. / Technological Forecasting & Social Change xxx (2016) xxx–xxx
In entering the twenty-first century, the number of Chinese journal
articles as of 2009 has dramatically increased. Regarding technology
foresight practices, and especially since Beijing and Shanghai took the
lead in launching regional-level technology foresight activities in
2001, technology foresight activities nationwide tended toward a
much larger scale and wider scope, just as a single spark can start a
prairie fire. The IPM/CAS conducted a program from 2003 to 2005 for
“Technology Foresight Toward 2020 in China,” based on an in-depth
analysis and description of major science and technology demands for
building a comprehensively prosperous society. This was accomplished
by scenario analyses, a large-scale Delphi survey, and expert panels.
Two rounds of Delphi surveys were directly performed for eight tech-
nology fields, including information, communication and electronic
technology, advanced manufacturing technology, biotechnology and
pharmaceutical technology, energy technology, chemistry and chemical
technology, resource and environmental technology, space science and
technology, aswell asmaterial science and technology.More than 70 fa-
mous Chinese technology experts and over 400 specialists were invited
to form8field expert groups and 63 technology sub-field expert groups,
respectively. Finally, 737 key technology topics were selected. Over
2000 experts nationwide completed the questionnaire, independently
judged technology topics' significance, and estimated their time of
completion, implementation possibility, China's current R&D level,
international leading nations, and development obstacles. Ultimately,
they selected the most important technology topics for the next
20 years in China; moreover, their research accomplishments were
applied in part in the National Medium and Long-Term Scientific and
Technological Development Plan and the Eleventh Five-Year S&T Planning
of CAS to provide strong supports for S&T policy making (Mu et al.,
2008).

Another technology foresight activity was conducted by MOST from
2003 to 2005, and alluded to 9 fields, including information, biology,
new material, advanced manufacturing, resources and environment,
energy, agriculture, population and health, and public security. More
than 120 critical national technologies were selected by investigating
3981 experts, and evaluating more than 1000 optional technologies
(Wang, 2015). This investigation is more scientific and systematic
than previous technology foresight activities performed by MOST.
Expert opinions from various fields were comprehensively integrated
to analyze development trends and the S&T development direction for
the next 10 years. Further, critical technology groups were chosen that
should be preferentially developed to provide fundamental information
for the formulation of S&T policy, development strategy, andplanning in
China.

The number of journal articles has been stable since 2009 (see Fig.
2). Governmental technology foresight activities have entered a new
stage, called thematuration period. This does notmean that nodevelop-
ment space exists for Chinese technology foresight; in contrast, this is an
outstanding basis for future technology foresight development. From a
regional perspective, the Science and Technology Commission of
Shanghai Municipality (STCSM) has focused on technology foresight
since 2001, and authorized the Shanghai Institute for Science of Science
(SISS) to conduct regional technology foresight. Recently, SISS has been
an emerging force in China's regional technology foresight. On the
behalf of STCSM, SISS principally conducts technology foresight
activities on a regional level, and simultaneously explores technology
foresight theories. Additionally, technology foresight experts are
employed to offer advice and suggestions for Shanghai's major scientific
and technological projects, and to present a substantial number of
annual medium- and long-term technology program proposals, as
well as technology foresight reports, which are related to such fields
as information, biology, new materials, advanced manufacturing, and
social development. Further, most of these proposals powerfully
support the formulation of Shanghai's medium- and long-term S&T
planning. In addition to Beijing and Shanghai, where technology
foresight is conducted rather early, such provinces and cities as
Please cite this article as: Li, N., et al., Technology foresight in China: Acade
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Wuhan, Yunnan, and Shandong also launched technology foresight
activities regarding the fields of biology, information technology, new
materials, and medicine. Some of the provinces and cities have also
issued regional technology foresight reports to support the formulation
of local S&T policy.

4. Review and analysis of technology foresight methods in China

Qualitative methods are limited to some extent, and their applica-
tions combined with quantitative and semi-quantitative methods are
able to appropriately improve the scientific nature of technology
foresight. A Delphi survey has been most extensively used, both in
practice and in journal articles. Cui et al. (2004) posited a “Market Del-
phi Method,” applicable to technology foresight at a medium-micro
level. Xu (2011) presented the concept of a joint technology roadmap
and Delphi method, and proposed the establishment of a professional
group, including a technology roadmap and a Delphi survey group
that function simultaneously; in this process, dynamic information
sharing is implemented between those groups to achieve a complemen-
tary purpose. Concerning the most distinguished differences between
this and the classic Delphi, the former is more appropriate for
enterprises' technology foresight, and places great emphasis on market
demands.

Journal articles obtained from the CSSCI database note that the
scientometrics method is widely discussed in papers published in
China, except for the Delphi method. The former is a quantitative
method that has been applied early, and is used extensively at present;
moreover, considering that journal articles are good sources of scientific
and technological information, and patents are the direct manifesta-
tions of scientific and technological activities, both journal articles
and patents can be adopted to analyze history development, research
fronts, and competitive science and technology situations, as well as to
judge emerging technologies. Specifically, not only is the data source
reliable and stable, but a scientometrics analysis can also visually
display laws and trends in technology domains. Bibliometrics, patent
analysis, and mapping knowledge domains all pertain to the
scientometrics method, and have unique advantages in exploring S&T
development laws and technology research hotspots, but are also
disadvantageous in that they are not suitable for long-term foresight
(Qiao, 2013; Wang and Wang, 2010). With the implementation of
governmental technology foresight activities in China, themethodology
has become much more diverse. In contrast, although other
quantitative methods, such as system dynamics simulation, have been
applied in regional and industrial technology foresight exercises, they
still have not been involved in national technology foresight activities
in China.

With technology foresight's scale and scope expansions, the require-
ments for such proposed exercises are increasingly strict; meanwhile,
not only do technology foresight methods tend to be diversified and
integrated; however, technology foresight methodology becomes a
research hotspot regarding experts and scholars in related fields.
Cameron et al. (1996) presented a “Triangle Structure” for foresight
methodology, based on European and international technology
foresight activities, to analyze ten methods from the creativity,
expertise, and interaction dimensions. As technology foresight rapidly
grows worldwide, the foresight method system is increasingly
enriched; for example, many quantitative methods have emerged.
Therefore, based on the “Triangle Structure” Popper (2008) added the
“evidence” dimension and proposed a “Foresight Diamond,”which con-
tains 33 foresightmethods (see Fig. 3) and employed three font styles to
indicate the type of technique: qualitative (using a normal style), semi-
quantitative (using a strong style) and quantitative (using an italic
style).

The article examples listed in Table 2 are selected from the CSSCI
database's subject retrieval results, in which most of the articles are
regional- or industrial-level TF exercises. Most methods listed in
mic studies, governmental practices and policy applications, Technol.
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Table 2 are basically located in the middle of the “Foresight Diamond,”
or close to the evidence dimension. Alternatively, the methods applied
in the most national level TF exercises listed in Table 1, and especially
Table 1
Technology foresight practices in China (national level).

TF activity Time span of
implementation

Maj

Exploratory period The national critical technology
selection

1992–1995 Nati
Com
and

The critical technology selection
for social and economic
development in the next 10 years

1993–1997 Nati
Scie
Nati

Technology forecast for national
critical fields

1997–1999 Min

Rapid development
period

The technology forecast and critical
technology selection in high-tech
fields of China

2003–2005 MO

Technology foresight toward 2020
in China

2003–2005 Chin
Inst

Strategic research on scientific and
technological development
roadmaps of major fields
in China toward 2050

2007–2009 Chin

Maturation period National technology foresight Launched in
2013

CAS

Engineering S&T development
strategy
research toward 2035 in China

Launched in
2015

Chin
Nati
Natu

a In 1998, the National Science and Technology Commission was renamed the Ministry of S
b In 2003, the National Planning Commission and other departments were integrated as the

mission and other departments were integrated as the Ministry of Commerce of the People's R

Please cite this article as: Li, N., et al., Technology foresight in China: Acade
Forecast. Soc. Change (2016), http://dx.doi.org/10.1016/j.techfore.2016.08
the latest ones, are more approximate to the creativity, expertise, and
interaction dimensions, which more closely parallels the “Triangle
Structure.”
or sponsors Research content Time of
foresight

onal Science and Technology
missiona; Institute of Scientific
Technical Information of China

4 Fields –

onal Planning Commissionb; National
nce and Technology Commission;
onal Economic and Trade Commission

10 Fields Next 10 years

istry of Science and Technology (MOST) 3 Fields –

ST 9 Fields Next 10 years

ese Academy of Sciences (CAS),
itute of Policy and Management (IPM)

8 Fields Toward 2020

ese Academy of Sciences (CAS) 18 Fields Toward 2050

TED/MOST 13 Fields Next 5–10 years

ese Academy of Engineering (CAE);
onal
ral Science Foundation of China (NSFC)

8 Fields of
engineering
technology

Toward 2035

cience and Technology (MOST).
National Development and Reform Commission; the National Economic and Trade Com-
epublic of China.
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Table 2
Certain methods for Chinese TF exercises in the journal articles (regional/industrial level).

Methods Article example Type

Delphi + expert panel Characteristics and implementation procedures of the “Market Delphi Method” are proposed (Cui et al., 2004). Theoretical
discussion

Delphi + technology roadmap Considering technology foresight activity development in Shanghai as an example, analyzing the merits and demerits
of the Delphi method and technology roadmap, and integrating the two methods provides a new visual angle for
technology foresight development (Xu, 2011).

Regional

Delphi + scenario analysis For example, the Chinese automobile industry first applies scenario techniques to identify technology requirements,
then Delphi methods are used to complete green technology foresight, with a questionnaire and statistical model that
are improved compared to the traditional ones (Liu et al., 2011).

Industrial

Patent content clustering A patent content-clustering method is used to cluster different patent documents into homogenous groups, which are
used to find a niche space for RFID (radio frequency identification devices) technology development in China
(Trappey et al., 2011).

Industrial

Bibliometrics + patent analysis A combination method of bibliometrics and patent analysis is applied to technology foresight, using the new material
technology field as an example (Cheng and Chen, 2008).

Industrial

Mapping knowledge domains The application of mapping knowledge domains in technology foresight are explored, and especially the aspects of
selecting experts, determining technology fields and topics, enhancing foresight ability, supplying information support,
and diffusing research results Wang and Wang (2010).

Theoretical
discussion

Delphi + correlation analysis +
clustering analysis

The Delphi Method and correlation and clustering analyses are adopted to discuss the development of future
information technology in Shanghai, using information technology's technology foresight as an example
(Li et al., 2005).

Regional&
industrial

Delphi + System dynamics
simulation

A two-stage technology foresight approach is proposed. During the first stage, critical technologies are identified and
evaluated by nationwide experts through Delphi surveys. In the second stage, a system dynamics simulation model is
used to estimate how critical parameter values are likely to impact the attainment of foresight goals (Chen et al., 2012).

Industrial

Semantic analysis + text mining +
technology roadmap

Methods are presented including semantic analysis, text mining, and technology roadmap, and are applied into the
demand analysis and technology selection of minimally invasive surgical procedures' clinical applications in Beijing
(Li et al., 2009).

Regional &
industrial
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In conclusion, on the one hand, this analysis indicates that Chinese
technology foresight methods comply with international correspon-
dence rules; on the other hand, with the rapid development of science
and technology, other methods must be further integrated to the tech-
nology foresight methodology formulation to improve the accuracy
and scientific nature of the technology foresight results. Moreover, it is
also critical to integrate these both organically and systematically.
Additionally, the currentmethodology is not entirely and systematically
incorporated into the overall technology foresight process, which is
worth further exploration.

5. Latest development of national technology foresight practices in
China

Almost all previous Chinese S&T planning has emphasized complete
studies on tendencies in future science and technology. The most pow-
erfulmotivator of technology foresight in China originated in the formu-
lation of S&T planning. Academic research and practice regarding
technology foresight in China cooled from 2009 to 2013. However, a
new round of large-scale technology foresight activities, led by the gov-
ernment at a national level, has been conducted by the CASTED/MOST,
the CAE, the NSFC, and the CAS since 2013. Moreover, this new round
of technology foresight has becomemore concernedwith anorientation
toward solving grand societal challenges within the national innovation
system. The methodology and process design of this new round of
technology foresight are much more mature than in previous activities.
Each activity has its own emphasis on an objective, and to some extent,
technology foresight in Chinahas transformed to “innovation foresight.”

The latest comprehensive technology foresight activity was
launched and organized by CASTED/MOST, and was implemented in
2013. This activity was implemented in three steps, technology evalua-
tion, foresight survey, and key technology selection, and adopts a com-
bined qualitative and quantitative method using large-scale Delphi
surveys and bibliometrics (see Fig. 4). Currently, the investigation in-
volves 13 fields, including information, biology, new materials,
manufacturing, earth observation and navigation, energy, resources
and environment, population and health, agriculture, ocean, transporta-
tion, public security, and urbanization. After the second round of sur-
veys, the research group measured and chose 428 technologies, and
selected 280 key technologies. Further research includes the key
Please cite this article as: Li, N., et al., Technology foresight in China: Acade
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technology roadmap, future scenarios, and cross-impact and technology
cluster analyses. The gap between China and the global advanced level
has also been analyzed fromaspects of the overall S&Tdevelopment sta-
tus and some typical S&T domains, striving to objectively evaluate the
developing level of science and technology in China.

The CAE and NSFC jointly launched the “Engineering S&T Develop-
ment Strategy Research Toward 2035 in China” program in 2015 (see
Fig. 5). Such methods as bibliometrics, patent analysis, and Delphi and
technology roadmaps were applied in practice, and the interval
between the two rounds of Delphi surveys was lengthened. The list of
the first round of optional technologies consists of 11 fields, and in-
cludes 93 sub-fields and 833 technologies. In October 2015, the first
round of Delphi surveys has been completed. More than 8400 experts
were invited from various fields and sectors, nearly 3000 people com-
pleted the questionnaire with a total participation ratio of 35%, and ap-
proximately 30,000 questionnaires were submitted from various fields.
A demand investigation was conducted at the same time as technology
foresight; the demand investigation questionnaire was based on six
visions of the year 2035, and 102 questions were proposed. After the
first-round Delphi survey, a research group from each field performed
an in-depth study on critical technologies and technological paths, and
especially disputed the technologies arising from the first-round survey
according to the demand investigation's results. When the trends in
technology were more thoroughly grasped, the second-round Delphi
survey was conducted, and some targeted survey questions were
added for the convenience of better serving the research. Developmen-
tal targets, critical development fields, key technologies requiring
breakthroughs, major projects needing constructing, and fundamental
research directions of priority development for China's engineering
S&T toward 2035 were proposed. Such a TF activity would ultimately
support systematic S&T planning and forward deployment for national
engineering science and technology, as well as fundamental research
in related fields.

6. Impacts of technology foresight on S&T planning

China's S&T planning can be divided into different grades, in which
the preliminary grade involves listing fundamental factors, including
targets, missions, and development priorities. The medium grade
explicitly illustrates tacit relations among different factors. The higher
mic studies, governmental practices and policy applications, Technol.
.010
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grade prioritizes development strategies based on the nation's targets
and values. Complete S&T planning clearly states the relationships
among targets and resource allocations, as well as explicit evaluation
standards for target fulfillment and the impact of implementation. Tech-
nology foresight studies have strengthened, adjusting the government's
function in S&T (Yang, 2015). This governmental S&T function in
market-economy countries experienced comprehensive adjustment
after themid-1990s, when technology foresight began rapidly develop-
ing. This can be observed in Japan, the United Kingdom, and South
Korea. The S&T management research in these countries is separate
from governmental functions, and is designated to professional
institutions.

The instruments to realizing top-level S&T planning can be
deciphered when studies on national S&T strategies are integrated
into technology foresight exercises as a result of national critical
technology selection. Fig. 6 demonstrates the basic technology foresight
process in China, which includes studies on demand, forecast, and
selection. A set of methods are formed during each technology foresight
implementation stage, including the structural designmethod, selection
procedure of alternative technologies, scientific index design, and
expert group and data analysis systems to meet decision-making
demands. These methods can guarantee reasonable results from
technology foresight.

The continuation of technology foresight activities shapes a foresight
culture, which provides a stable, favorable, and soft environment for
S&T planning. The Delphi survey method is key for China's national
technology foresight, as a resource corpus (including corpora for fore-
sight methods, technology fields and sub-fields, technology topics, and
experts)will be built during the survey. This is important for the contin-
uous development of technology foresight. The objective of technology
foresight is not only to posit a list of critical technologies that must be
prioritized for development, but also to create a network platform for
the government, industrial sectors, research institutions, and the public
to communicate with each other and gain insight as to the supply and
demand relations between technology and social development.
Through the technology foresight process, they can garner new under-
standings to face future challenges together, and form a more closely
connected social network. Martin and Johnston (1999) once summa-
rized this kind of connection as “technology foresight for wiring up
the national innovation system.”

The development of technology foresight in different countries
demonstrates that its results play an important supporting role for
S&T planning. Technology foresight activities based on communication,
negotiation, and cooperation are very valuable by themselves. However,
if the results cannot meet the decision-makers' requirements, technolo-
gy foresight cannot be fully applied. Therefore, we should comprehen-
sively and effectively analyze the Delphi survey's results, and
introduce a mature policy analysis method into the analysis. Generally,
Demand Forecasting

Studies on the demand for
scientific and technological
development from economic
and social development
perspective

Technology fo
surveys

Demand Pull S&T Push

Fig. 6. A basic technolog
Source: Yang (2015).
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mature technology foresight includes four parts: scenario analysis,
studies on important and emerging scientific and technological areas,
special studies on popular topics, and a large-scale Delphi survey (see
Fig. 7).While a scenario analysis can assist in grasping China's economic
and social trends, studies on important, emerging scientific and techno-
logical fields and special studies on popular topics can illuminate the
technological solutions to major economic and social issues that China
may face in the future. Meanwhile, a comprehensive Delphi survey
can help researchers to grasp current situations, developmental trends,
limited factors, and the possible social and economic benefits of critical
technology studies, both domestically and abroad. All of these methods
can provide important evidence for the formulation of national S&T
planning. Therefore, technology foresight achievements can make
national S&T planning more precise and accurate, which is beneficial
for decision-makers to understand future trends in S&T and optional
policy responses.

Currently, China still faces technical problems in the formulation of
S&T planning, as the relationships among targets, missions, and priori-
ties in S&T planning are implicit. These relationships must be explicitly
illustrated through graphics. Yang (2015) proposed an approach to con-
nect a strategic demand analysis to critical technologies selected
through technology foresight exercises (see Fig. 8). Some important fac-
tors, such as the importance of technology, technological foundation,
technological gap, time for realization, and development paths, which
might affect critical technologies, should be identified and analyzed.
The development path, potential products, and prospects' application
in the market can then be highlighted. Thus, the technology roadmap
can be formed, based on the above process.

7. Summary and future direction for research

Technology foresight has attractedmuch attention from the govern-
ment, academia, and the industrial sector. Developed countries actively
conduct technology foresight in multiple dimensions, and some devel-
oping countries also launch initiatives for national technology foresight
and studies on the selection of critical technologies. China plays an ac-
tive role in the development of technology foresight practices and stud-
ies. This paper tracks and analyzes the development trend by a
bibliometric analysis, and reviews governmental technology foresight
practices and policy applications in China. Some interesting findings
are found.

Technology foresight has obtained rapid development in China,
which is receiving more and more attention of academic researchers
and government policy makers and going through a maturation period.
Specifically speaking, Chinese technology foresight studies experience
three periods: exploratory, rapid development, and maturation.
Technology foresight promotes communication and negotiations
between the government, industrial sector, academia, and other sectors
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in society. It holds significance as it improves policy-making and
accelerates policy implementation, broadcasts foresight culture, and
establishes a favorable, soft environment. A policy-making process
based on technology foresight studies can help relevant stakeholders
reach a common understanding regarding some major issues, and
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Fig. 8. Illustration of a techno
Source: modified from Yang (
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reduce obstructions to policy implementation. The results of technology
exercises can address difficult issues we could possibly face in the
future.

In the practical implementation of technology foresight in China,
some quantitative and semi-quantitative methods were used to
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appropriately improve the scientific nature of technology foresight. Be-
sides, more qualitative approaches are incorporated into technology
foresight activities in China. It is found based on China's practices that
many problems in developing and planning science, technology, and in-
novation activities can be solved when comprehensive approaches are
adopted to conduct technology foresight activities, including large-
scale Delphi survey, scenario analysis, technology roadmap, and
bibliometrics, among others. Foresight studies can employ various
methodologies, depending on their goals (Meissner, 2013, p.47). For ex-
ample, a technology roadmap can explicitly illustrate mutually implicit
relationships among targets, missions, and priorities in long-term S&T
planning, as well as those between long- and short-term plans. The
scenario method is more appropriate to detect disruptive innovation
and emerging technologies, and the scenario planning method aims to
construct representations of possible futures, as well as the routes that
lead there. This reveals the technological demands for economic and so-
cial development. From an S&T planning formulation perspective, some
technology foresightmethods can improve the quality of national inno-
vative policy-making.

After two decades' localization in China, technology foresight
methods are becoming increasingly mature, which are beneficial to en-
sure scientific results. However, current technology foresight in China
must still explore more ways to establish its own methodology, as
some issues remain unsolved. For example,while providing a full disclo-
sure of the positive effectiveness of science and technology, some nega-
tive effects should be avoided: specifically, environmental and moral
issues. Moreover, technology foresight's application to S&T planning
also requires a scientific method. Therefore, technology foresight and
S&T planning methodologies still have vast room for improvement.
This is the onlyway this field canmaintain increasingly complicated sci-
entific and technological development, and evolve its results as more
scientific and applicable. Science, technology, and innovation policies
tend to be overwhelmingly scientific and democratic. Technology fore-
sight provides a comprehensive platform to collect ideas and sugges-
tions, to help formulate these scientific and democratic policies.

Acknowledgments

The work in this study was funded by the National Natural Science
Foundation of China (Project number 71471170; 71103173), the
China Youth Innovation Promotion Association (Project number
2015131), the Major Research Task of the Institute of Policy and Man-
agement in the Chinese Academy of Sciences (Project number
Y201121Z01), and the Major Research Task of the Institutes of Science
and Development in the Chinese Academy of Sciences (Project number
Y501131S01).

References

Cachia, R., Compañó, R., Da Costa, O., 2007. Grasping the potential of online social net-
works for foresight. Technol. Forecast. Soc. Chang. 74 (8), 1179–1203.

Cameron, H., Loveridge, D., Cabrera, J., Castanier, L., Presmanes, B., Vasquez, L., Van der
Meulen, B., 1996. Technology foresight: perspectives for European and international
co-operation (Manchester eScholar ID: uk-ac-man-scw: 5b550).

Chen, H., Wakeland, W., Yu, J., 2012. A two-stage technology foresight model with system
dynamics simulation and its application in the Chinese ICT industry. Technol. Fore-
cast. Soc. Chang. 79 (7), 1254–1267.

Cheng, A.-C., Chen, C.-Y., 2008. The technology forecasting of newmaterials: the example
of nanosized ceramic powders. Rom. J. Econ. Forecast. 4, 88–110.

Christensen, C.M., Baumann, H., Ruggles, R., Sadtler, T.M., 2006. Disruptive innovation for
social change. Harv. Bus. Rev. 84 (12), 94.

Cui, Z.M.,Wan, J.B., Meng, X.H., Shi, Q.F., 2004. Characteristics and procedures of the “Mar-
ket Delphi Method” for technology foresight. Sc. Sci. Manag. S. T. 25, 13–17 in
Chinese.

Fan, C.L., 2003. Technology foresight and S&T long-term planning. Sci. Res. Manag. 24 (6),
6–12 in Chinese.

Georghiou, L., 2013. Challenges for science and innovation policy. In: Meissner, D.,
Gokhberg, L., Sokolov, A. (Eds.), Science, Technology and Innovation Policy for the
Please cite this article as: Li, N., et al., Technology foresight in China: Acade
Forecast. Soc. Change (2016), http://dx.doi.org/10.1016/j.techfore.2016.08
Future: Potentials and Limits of Foresight Studies. Springer Science & Business
Media, pp. 233–246.

Georghiou, L., Harper, J.C., Keenan, M., Miles, I., Popper, R. (Eds.), 2008. The Handbook of
Technology Foresight: Concepts and Practice. Edward Elgar Publishing, Northampon.

Grupp, H., Linstone, H.A., 1999. National technology foresight activities around the globe:
resurrection and new paradigms. Technol. Forecast. Soc. Chang. 60 (1), 85–94.

Li, H., Sun, S.R., Liu, J.Y., 2005. An empirical study on the technological forecasts of
important domains about science and technology of Shanghai. Stud. Sci. Sci. S1,
101–105 in Chinese.

Li, Y., Yu, J.F., Jiang, C.G., Kong, Y., 2009. The expanding approach of technology foresight
and its case study. J. Intell. 28 (3), 6–9 in Chinese.

Liu, G.-f., Chen, X.-l., Riedel, R., Müller, E., 2011. Green technology foresight on automobile
technology in China. Tech. Anal. Strat. Manag. 23 (6), 683–696.

Martin, B.R., 1995. Foresight in science and technology. Tech. Anal. Strat. Manag. 7 (2),
139–168.

Martin, B.R., Johnston, R., 1999. Technology foresight for wiring up the national innova-
tion system: experiences in Britain, Australia, and New Zealand. Technol. Forecast.
Soc. Chang. 60 (1), 37–54.

Meissner, D., 2012. Results and impact of national foresight-studies. Futures 44 (10),
905–913.

Meissner, D., 2013. Instruments to measure foresight. In: Meissner, D., Gokhberg, L.,
Sokolov, A. (Eds.), Science, Technology and Innovation Policy for the Future: Poten-
tials and Limits of Foresight Studies. Springer Science & Business Media, pp. 43–62.

Miles, I., 2010. The development of technology foresight: a review. Technol. Forecast. Soc.
Chang. 77 (9), 1448–1456.

Mu, R.P., Ren, Z.B., Yuan, S.D., Qiao, Y., 2008. Technology foresight towards 2020 in China:
the practice and its impacts. Tech. Anal. Strat. Manag. 20 (3), 287–307.

Popper, R., 2008. Foresight methodology. In: Georghiou, L., Harper, J.C., Keenan, M., Miles,
I., Popper, R. (Eds.), The Handbook of Technology Foresight: Concepts and Practice.
Edward Elgar Publishing, Northampon, pp. 44–88 (2008).

Qiao, Y., 2013. Application of patent bibliometrics methods in technology foresight—take
the subsection of metallurgy as an example. J. Intell. 32 (4) (34–37+ 27, in Chinese).

Ren, Z.B., 2008. Research on themethods for innovation policy-making process integrated
with technology foresight. Stud. Sci. Sci. 26 (5), 994–999 in Chinese.

Research Group of Technology Foresight towards 2020 in China, 2006n. Technology Fore-
sight Towards 2020 in China. Science Publishing House, Beijing in Chinese.

Trappey, C.V., Wu, H.Y., Taghaboni-Dutta, F., Trappey, A.J., 2011. Using patent data for
technology forecasting: China RFID patent analysis. Adv. Eng. Inform. 25 (1), 53–64.

Wang, G., 2015. Analysis and experiences of the 5th round of national technology fore-
sight in China. Report of the 10th Technology Foresight Seminar, Beijing in Chinese.

Wang, W.J., Wang, J.P., 2010. Research on mapping knowledge domains' application in
technology foresight. Inf. Sci. 28 (8), 1127–1131 in Chinese.

Xu, L., 2011. The research of technology foresight method: based on Delphi and
technology roadmap integration. Sci. Sci. Manag. S. T. 32 (11) (37–41 + 48, in
Chinese).

Xue, J., Yang, Y.W., 2005. A study on technology foresight and its effect on making
metaphase-long science and technology programming. Soft Sci. 19 (1)
(53–55 + 63, in Chinese).

Yang, Q.Q., 2015. Consideration of technology forecasting related issues—technology fore-
casting and macro management of S.&T. forum of technical personnel conducted by
S&T Innovative Talents of China (STTC) in Chinese.

Yuan, L.K., 2015. Characteristics and procedure of the new round of national technology
foresight in China. Report of the 10th Trilateral S&T Policy Seminar, Kobe.

Zheng, Y.H., 2015. Technology foresight in “China engineering S&T development strategy
research towards 2035”. Report of the 10th Technology Foresight Seminar, Beijing in
Chinese.

Li Na (PhD candidate, Chinese Academy of Sciences) is a PhD candidate at Institutes of Sci-
ence and Development, Chinese Academy of Sciences. She has got a Bachelor degree from
Jilin University. Her main research interests include technology foresight and innovation
policy. She now is taking part in a research project about “Advanced Energy Foresight
2035 in China” sponsored by Chinese Academy of Sciences.

Chen Kaihua (PhD, Chinese Academy of Sciences) is an associate professor at Institutes of
Science and Development, Chinese Academy of Sciences, and an academic visitor in
University of Oxford awarded by the China Scholarship Council (CSC). His main research
interests include innovation development and policy, innovation metrics and manage-
ment, and innovation systems approach and applications. He has published papers in Re-
search Policy, Technovation, Regional Studies, Technological Forecasting and Social Change,
and Journal of Informetrics. He now is responsible of a research project about “Advanced
Energy Foresight 2035 in China” sponsored by Chinese Academy of Sciences.

Kou Mingting (PhD, Northwest A&F University) is an associate professor at Donlinks
School of Economics andManagement, University of Science& Technology Beijing (USTB).
Her main research interests include innovation investment and management, scientific
and technological finance, and innovation metrics and management. She has published
papers in Expert Systems with Applications, Scientometrics and Annals of Regional Science.
mic studies, governmental practices and policy applications, Technol.
.010

http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0005
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0005
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0010
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0010
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0015
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0015
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0015
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0020
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0020
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0025
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0025
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0030
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0030
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0030
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0035
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0035
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0040
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0040
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0040
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0040
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0045
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0045
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0050
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0050
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0055
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0055
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0055
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0060
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0060
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0065
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0065
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0070
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0070
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0075
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0075
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0075
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0080
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0080
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0085
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0085
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0085
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0090
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0090
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0095
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0095
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0100
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0100
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0100
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0105
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0105
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0110
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0110
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0115
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0115
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0120
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0120
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0125
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0125
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0130
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0130
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0135
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0135
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0135
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0140
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0140
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0140
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0145
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0145
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0145
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0150
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0150
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0155
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0155
http://refhub.elsevier.com/S0040-1625(16)30215-3/rf0155
http://dx.doi.org/10.1016/j.techfore.2016.08.010

	Technology foresight in China: Academic studies, governmental practices and policy applications
	1. Introduction
	2. A summary of international studies and practices in technology foresight
	3. Trends in journal articles and governmental practices of technology foresight in China
	4. Review and analysis of technology foresight methods in China
	5. Latest development of national technology foresight practices in China
	6. Impacts of technology foresight on S&T planning
	7. Summary and future direction for research
	Acknowledgments
	References


