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Abstract

It has been seven years since the launch of Japan’s Science for RE-designing Science,
Technology and Innovation Policy (SciREX) programme. It is therefore an opportune time to
take stock, not only of the Japanese programme, but also of leading science, technology, and
innovation (STI) research and education programmes in other nations. This paper updates our
work (Okamura et.al. 2017), applying a quantitative approach to syllabi analysis by using
topic model methodology to identify frequent topics on the syllabi of various STI educational
programmes. The number of education programmes analysed has increased from 12 to 24
Japanese and overseas programmes. Although this is still on-going study, we have found that
worldwide STI education programmes can be characterised using twelve topics. In 2016, the
SciREX programme in Japan held discussions with STI stakeholders at multiple workshops to
share key terminologies and science questions relating to key chapters of core parts of the
curricula used by six participating Japanese universities. The aim of both activities (the
quantitative analysis of syllabi and the development of core curricula) was to identify research
and educational agendas that could respond to societal needs and changes.

Background
The need for informed science, technology, and innovation (ST1) policies is increasing amidst
fast-growing social and economic problems in various areas. Many countries have sought to

! The research team would like to thank the individuals and organisations who generously shared their time,
experience, and materials for this project. The work has been supported by the Science for RE-designing Science,
Technology, and Innovation Policy (SCiREX) Programme in Japan. The views and opinions expressed here are
solely those of the authors and do not represent in any way those of the institutions to which they are affiliated.
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design more effective and efficient STI policies that encourage innovation by mobilising
multi-disciplinary scientific fields. In response to the growing demand for evidence-based
infrastructure in STI policymaking, the Japanese government implemented the Science for
RE-designing Science, Technology, and Innovation Policy (SCIREX) programme in 2011.
This programme consists of competitive research funding, data infrastructure building,
research projects centred on prioritised policy areas (mission-oriented research) and graduate
education programmes. In the United States, where a former science advisor to the president,
Dr John H. Marburger 111, addressed the need to establish a Science of Science Policy in 2005,
the Science of Science and Innovation Policy (SciSIP) programme of the National Science
Foundation has been producing research and practice in this interdisciplinary field for more
than a decade.

It is therefore important to assess leading initiatives in the science of science and innovation
policy, not only to look back at what has been accomplished so far, but also to establish
forward-looking research agendas, examine the focus of relevant research, and identify any
existing or potential bottlenecks. In recent years, researchers have carried out similar studies
on innovation (Martin, 2016), science policy and innovation (Martin, 2012), and science and
technology (Martin, Nightingale, and Yegros-Yegros, 2012). In addition, the OECD’s
decennial Blue Sky Ill Forum in 2016 discussed future research agendas, based on previous
accomplishments in this field.

To identify the most important research questions, researchers must draw on their own
expertise, insight, and conjectures. Most studies have relied on qualitative approaches such as
literature reviews and discussions in workshops and interviews (e.g. Alexander, Hart, and Hill,
2016; the National Science and Technology Council [NSTC]; and the Office of Science and
Technology Policy [OSTP], 2008). Quantitative approaches have rarely been used; Martin
(2012), one of few exceptions, adopted a bibliometric approach. However, statistical
technologies and text-mining approaches that categorise sentences and identify clusters of
words have existed for years. The significant body of currently available data has expanded
the possibilities for using these technologies. The present study therefore adopts a mixed-
methods approach to identify the core questions of the science of science and innovation
policy research. Nevertheless, there remain challenges associated with the effective synthesis
of qualitative and quantitative approaches.

Objectives

Currently, six universities in Japan are participating in the SCIREX programme. Each has its
own educational syllabus, which is not synchronised with those of other universities. To
develop human resources in the field of science policy and innovation studies, we are leading
ongoing discussions to determine whether neighbouring sciences share a core
interdisciplinary STI knowledge base. This study-in-progress explores the distribution of
educational elements in the syllabi of various educational institutes to define the structure of
educational programmes. Our present and future findings will shed light on the likely
relationship between input (educational programmes) and output (the social impact of
programme graduates).

As the science of science and technology innovation policy is an interdisciplinary field,
can we find common ground?

Since starting the SciREX programme, we have realised that the ‘science of STI policy’
covers a wide range of scientific fields, not just the natural sciences, such as medicine and
biology, but also the social sciences and humanities. This makes it difficult to identify the
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core of this interdisciplinary area of study. Martin (2012) has observed that the ‘field of
science policy and innovation studies (SPIS) is still a more fragmented and heterogeneous
field than established social science disciplines’. It is significant step to define the ‘core’ of
‘science of STI policy’ shared among various neighbouring sciences. Each scientific field is
its own discipline; this study asks whether the science of STI policy as interdisciplinary field
Is associated with a unique discipline or theory of its own. Carrying out this research has
involved extensive discussions about the ‘science of STI policy’ as a field, along with efforts
to define its range and core areas of knowledge. This work is based on a recognition that a
‘science of STI” policy will be indispensable for the future development of the field and
necessary to provide benchmarks.

Two approaches have been used to analyse the structure and range of the ‘science of STI
policy’: (i) A qualitative approach to define ‘core content’ was based on science questions
that were shared among stakeholders in the SCIREX community and the consensus obtained
in workshops; (ii) A consensus on the kind of courses (curricula) to include in ‘science of STI
policy’ educational programmes and the field internationally was used as a proxy for the
structure of the science. The present study has used a quantitative approach to objectively and
systematically assess the overall trends in educational programmes, including those at
Japanese and other universities.

The first approach (i) used a procedure based on discussions developed in 2016; specialists
(mainly researchers and practitioners in the SCIREX community) discussed and later wrote
core science content for a science of STI policy. The final draft will be released on the web in
late 2018. To conduct the quantitative analysis (ii), syllabi collected through the Internet and
collaborators were analysed using the topic model.

Our 2017 study ran a trial, analysing a quantitative analysis of syllabi. The present study has
updated and revised the data, analytical method, and analyses. In addition, some
commentators responded to presentations of the earlier analysis by pointing out the value of
focusing, not only on research topics within the “science of STI policy’, but also on its longer-
term educational effects. For instance, one way to understand the educational effect of a
programme is to track graduate jobs and careers; this can help to assess the extent to which
the programme design has successfully developed human resources to support STI policy. In
future research, it will be important to interpret and synthesise the results of both the (i) and
(ii) approaches.

Data and Methodology

Data

The present study has expanded the number of targeted education programmes from 12 to 24.
All of the targeted programmes were graduate level (Master’s or doctoral courses) but non-
degree programmes were also included: 6 programmes at 6 Japanese universities (JPN), 8 US
programmes (USA), 2 programmes each from the UK (GBR) and Turkey (TUR), and one
programme each from the Netherlands (NLD), South Africa (ZAF), Canada (CAN), Belgium
(BEL), Italy (ITA), and the Russian Federation (RUS). The programme names are listed in the
Appendix. Table 1 below shows the number of courses offered in each programme.

Apart from five programmes for which information was collected through an exchange of

emails after last year’s STI 2017 presentation, information was gathered from programme
websites. The targeted programmes were selected through a website survey that assessed each
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programme’s science policy experts and researchers; for US programmes, we viewed the
‘Engaging Scientists & Engineers in Policy (ESEP) Coalition” for each programme. Some
programmes were excluded from the analysis (for example, specialised programmes on the
Management of Technology) because they did not offer any classes on policy. Programmes
involving few lectures (such as Ghent, Bocconi, and MIT) were excluded from interpretation
parts as the results were strongly biased to specific topics. The Japanese and French syllabi
were translated into English.

Table 1: The number of courses offered by each programme

Name Country | Number of Courses
Ghent University BEL 1
Polytechnique Montréal, Grad. (POLY) CAN 8
The University of Manchester GBR 7
University of Sussex GBR 15
Bocconi University ITA 2
The National Graduate Institute for Policy Studies (GRIPS) JPN 17
Hitotsubashi University JPN 8
Kyoto University JPN 25
Kyushu University JPN 8
Osaka University JPN 21
University of Tokyo (U Tokyo) JPN 34
UNU-MERIT NLD 31
Higher School of Economics (HSE) RUS 18
Middle East Technical University. MS. (METU) TUR 38
Middle East Technical University,Ph.D. (METU) TUR 38
Arizona State University (ASU) USA 6
Carnegie Mellon University (CMU) USA 12
Duke University USA 32
Georgia Institute of Technology (Georgia Tech) USA 10
The George Washington University (GWU) USA 21
University of Michigan USA 74
Massachusetts Institute of Technology (MIT) USA 2
Princeton University USA 25
Stellenbosch University ZAF 13
Total — 466

Note: The acronyms used are as follows: JPN for Japan; USA for the United States; GBR for the United Kingdom, NLD for
the Netherlands, ZAF for the South Africa, CAN for Canada, TUR for Turkey, BEL for Belgium, ITA for Italy and RUS for
the Russian Federation.

The syllabus-related information included title text and the outlines of courses. Words with no
discriminatory power, such as unspecified nouns and general verbs were excluded as stop
words? . In addition, several frequently used words that were not necessarily related to

2 See http://xpo6.com/list-of-english-stop-words
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educational content, such as ‘description’ and ‘week’ were excluded as stop words.
Conjugations were also treated, using the WordNet and Python NLTK package. For example,
‘practised’ and “practice’ were considered the same word, in our analysis.

Methodology

The recent progress made by Natural Language Processing (NLP) has been remarkable:
multiple methods, the topic model (e.g. Blei, 2013), and Word2Vec (e.g. Mikolov, 2003) have
been developed and used widely in practice to understand the implied structure and categories
of large amounts of textual information, including news articles and SNS content.

Although these methods may be relevant to an analysis of educational programmes, we found
that few syllabus analyses used the topic model. To examine the applicability of NLP to the
content of education programmes, we therefore applied a topic model to extract common
elements from syllabi mechanically and to classify them as topics without relying too much
on our own subjectivity?®.

Topic model analysis is a technique in the field of NLP, which has been developed mainly to
identify potentially implied categories within large amounts of textual data. Topics are
calculated using a generative probabilistic model. In principle, topics are calculated using a
given set of documents (sets of words), on the condition that word probabilities in a given
document are generated independently among topics. Multiple topic model methods have
been proposed, including Latent Semantic Analysis (LSA), Probabilistic Latent Semantic
Analysis (pLSA), and Latent Dirichlet Allocation (LDA), among others. LDA is one of the
multi-topic models that can be used to relate plural topics to one document. This is a preferred
method when the amount of text data analysed is relatively small, as it avoids over-learning,
which decreases the generalisability of results.

As the present study has included information drawn from 466 syllabi in total, the data set
was relatively small; we therefore applied LDA. For sampling, we used the collapsed Gibbs
method. For the calculation, we used GibbsLDA++ developed by C++. When using LDA, the
number of topics (k) and parameters (hyper parameters o and ) should be set a priori. We
followed some findings from Griffiths and Steyvers (2004); that a= 50/k and B=0.1 are
considered to be appropriate.

Defining topics

There are no clear-cut criteria for defining the number of topics (k). We have therefore
analysed the results of topic numbers from 5 to 12. As a result, we reviewed the number of
topics: although Okamura et al. (2017) classified only 8, the present study classified 12 topics,
based on an easier comprehension of results. The topic names were labelled (it is not possible
to eliminate subjectivity completely when assigning labels).

Data challenges

The data are still far from complete, as we only have access to a limited number of STI
education programmes around the world. Although we have access to syllabi, the amount of
information publicly available differs significantly among programmes. As there appears to
be no universal standard for writing syllabi, the available information may be affected by
forms of bias associated with university-,program-, and teacher-specific issues. Other forms

3 The 2017 presentation (Okamura et al., 2017) used topic model and correspondence analysis. Although
correspondence analysis is a convenient method, it was difficult to apply directly to achieve our purpose. As the
results could have been somewhat difficult to interpret, the present study uses only the topic model.
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of bias may result from the process of translating syllabi from their original languages to
English.

Analysis and observation

Tables 2, 3 and 4 show the top 20 words and the probability distribution of words to topics.
Table 5 provides examples of topic composition by course. Explanations for each topic are as
follows.

(T_1) Science and society:
The words with highest probabilities are science (14.1%) and technology (13.6%) in this
topic. Those with the second highest probability level include social (3.6%), society
(2.9%), and communication (1.7%). Most courses attached to this topic involve Science
and Technology Studies (STS). However, some management courses also have high
probabilities within this topic.

(T_2) Law and ethics:
Words that relate to justice studies, including law (2.7%), legal (1.4%), conflict (1.1%),
and regulatory (0.9%) are attached to this topic, as are issue-specific words such as
environment (2.5%), international (2.3%), and space (1.3%); the latter may represent
specific legal areas. Most of the higher probability courses involve justice studies, but
some cover standards and rules from a management perspective. The ratios attached to
words are relatively small, with the highest below 3%.

(T_3) Technology adoption:
Words with higher probabilities in this topic include market (3.4%), technological
(2.7%), and work (1.8%). This topic appears to cover issues such as the economic and
social impact of technologies on the market, work, and organizations. Courses with
higher probabilities include “Technology and work organization” (METU, 61.9%).
However, the ratios attached to words are relatively small overall, with the highest
probability word just over 3%.

(T_4) Technology and management:
Words frequently used in management studies, including management (5.7%), business
(4.1%), strategy (2.8%), and company (1.4%) are attached to this topic. The highest
probability courses are “Technology and Corporate Strategy” (43.2%, METU) and
“Business Model Innovation” (38.5%, HSE).

(T_5) Intellectual assets:
This topic specifically relates to intellectual property assets and its rights. Words with
higher probabilities include application (3.4%), design (2.7%), property (2.7%),
intellectual (2.7%), right (2.6%), and trademark (1.7%). Courses with higher
probabilities include “Intellectual property rights and regulation” (87.5%, METU), and
“Intellectual Property Management” (32.5%, HSE).

(T_6) Energy and environment:
Words with higher probabilities in this topic include environment (4.5%), change (3.1%),
energy (3.0%), and climate (2.0%). Courses such as “Environmental psychology for
public policy” (39.4%, Michigan) and “Sustainable Energy Systems” (37.6%, Michigan)
have higher probabilities.
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(T_7) Development and STI:
Words with higher probabilities in this topic include development (5.5%), economic
(4.1%), global (1.9%), and regional (1.5%). Courses with higher probabilities include
“Financing Social Protection” (53.2%, UNU-MERIT) and “The Global Challenge:
Beyond Poverty and Inequality” (36.0%, UNU-MERIT).

(T_8) Innovation and policy:
Words with higher probabilities in this topic include innovation (11.4%), knowledge
(3.4%), technology (3.3%), policy (3.2%), and evaluation (2.2%). Courses with higher
probabilities include “Knowledge and Technology Transfer in Innovation Systems”
(72.2%, METU) and “Innovation Policy and Governance: Trends and Challenges”
(50.3%, METU).

(T_9) Policy science:
Words with higher probabilities in this topic include policy-related words such as policy
(18.5%), public (5.7%), political (1.8%), decision (1.3%), and intervention (1.1%).
Health (5.1%) also has a high probability, possibly associated with courses on health
policy. Courses with higher probabilities include health-policy-related courses such as
“Epidemiology, Health Services & Policy” (46.6%, Michigan) and “Research Design in
Policy Science” (30.1%, Georgia Tech).

(T_10) Research design:
Words with higher probabilities in this topic include research (9.3%), lecture (4.3%),
learn (3.3%), and study (2.2%). Courses with higher probabilities are distributed across a
variety of courses, including “Negotiation and agreement” (41.4%, U Tokyo) and
“Applied Economics” (38.8%, Kyoto). This may indicate that the topic is poorly defined.

(T_11) Quantitative methodology:
Words with higher probabilities to this topic include analysis (6.7%), method (5.5%),
theory (2.6%), data (2.3%), and model (2.1%). Courses with higher probabilities to this
topic include “Introduction to Quantitative Methods” (44.8%, GRIPS), “Regression
Analysis” (38.8%, UNU-MRIT).

(T_12) Qualitative methodology:
Words with higher probabilities in this topic include student (6.8%), class (3.1%),
develop (2.5%), and seminar (1.7%). Courses with higher probabilities include
“Advanced Science and Technology Policy” (43.7%, ASU) and “Introduction to
Analysing Sociotechnical Systems” (37.6%, UNU-MRIT).
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Table 2: Estimated Latent Topics using LDA (1)

Science and society

Law and ethics

Technology adoption

Technology and management

ID Topic 1(T_1) Topic 2 (T_2) Topic 3 (T_3) Topic 4(T_4)
1 | science 14.1% | issue 2.7% | market 3.4% | management 5.7%
2 | technology 13.6% | law 2.7% | technological 2.7% | business 4.1%
3 | social 3.6% | environment 2.5% | role 2.6% | risk 3.7%
4 | society 2.9% | international 2.3% | introduction 1.9% | project 3.1%
5 | communication  1.7% | include 2.3% | work 1.8% | strategy 2.8%
6 | scientific 1.6% | current 1.9% | state 1.7% | issue 2.2%
7 | relationship 1.2% | legal 1.4% | process 1.5% | process 1.5%
8 | knowledge 1.1% | future 1.4% | case 1.4% | company 1.4%
9 | think 1.1% | human 1.3% | change 1.4% | strategic 1.3%
10 | addition 0.9% | space 1.3% | debate 1.3% | organization 1.3%
11 | field 0.8% | global 1.2% | topic 1.2% | area 1.1%
12 | require 0.7% | explore 1.2% | production 1.1% | focus 1.0%
13 | question 0.7% | conflict 1.1% | issue 1.0% | idea 1.0%
14 | various 0.7% | lite 1.0% | development 1.0% | source 1.0%
15 | critical 0.6% | concern 1.0% | approach 1.0% | industry 1.0%
16 | module 0.6% | topic 1.0% | firm 0.9% | control 1.0%
17 | study 0.6% | activity 1.0% | organization  0.9% | practice 0.9%
18 | concrete 0.6% | regulatory 0.9% | network 0.9% | knowledge 0.9%
19 | discipline 0.6% | non 0.9% | identify 0.8% | development 0.8%
20 | scientist 0.5% | modern 0.9% | technical 0.8% | creativity 0.8%
Table 3: Estimated Latent Topics using LDA (2)
Intellectual assets Energy and environment Development and STI Innovation and policy
1D Topic 5(T_5) Topic 6 (T_6) Topic 7T(T_T7) Topic 8 (T_8)

1 | application 34% | environmental 4.5% | development 5.5% | innovation 11.4%

2 | design 2.7% | change 3.1% | economic 4.1% | knowledge 3.4%

3 | property 27% | energy 3.0% | social 3.1% | technology 3.3%

4 | intellectual 2.7% | problem 2.4% | different 2.6% | policy 3.2%

5 | right 2.6% | climate 2.0% | country 2.6% | concept 2.5%

6 | community  2.4% | focus 2.0% | global 1.9% | evaluation 2.2%

T | registration 2.3% | perspective 1.8% | level 1.8% | develop 1.6%

8 | international 2.2% | examine 1.6% | regional 1.5% | public 1.5%

9 | procedure 2.0% | discuss 1.5% | governance 1.5% | university 1.3%

10 | examination  1.8% | sustainable 1.4% | develop 1.1% | trend 1.3%

11 | trademark 1.7% | infrastructure  1.3% | protection 1.0% | design 1.3%

12 | trade 1.7% | explore 1.2% | world 0.9% | program 1.2%

13 | industrial 1.5% | resource 1.0% | special 0.9% | transfer 1.2%

14 | patent 1.4% | sector 0.9% | build 0.8% | institution 1.1%

15 | report 1.3% | behavior 0.8% | effect 0.8% | base 1.1%

16 | formal 1.2% | approach 0.8% | benefit 0.8% | sti 1.0%

17 | file 1.1% | affect 0.8% | poverty 0.8% | private 0.9%

18 | aim 1.0% | water 0.8% | attention 0.8% | institutional  0.9%

19 | evaluation 1.0% | natural 0.8% | national 0.8% | measure 0.8%

20 | search 0.9% | plan 0.8% | economy 0.8% | national 0.8%
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Table 4: Estimated Latent Topics using LDA (3)

Policy science Research design Quantitative methodology  Qualitative methodology
1D Topic 9(T_9) Topic 10 (T_10) Topic 11 (T_11) Topic 12 (T_12)

1 | policy 18.5% | research 9.3% | analysis 6.7% | student 6.8%

2 | public 57% | lecture 4.3% | method 5.5% | class 3.1%

3 | understand 5.5% | learn 2.8% | student 3.5% | develop 2.5%

4 | health 5.1% | plan 2.3% | theory 2.6% | information 2.4%

5 | make 3.1% | study 2.2% | data 2.3% | discussion 2.2%

6 | political 1.8% | basic 2.2% | model 2.1% | seminar 1.7%

7 | process 1.6% | field 2.0% | include 1.6% | presentation 1.5%

8 | issue 1.6% | problem 1.9% | topic 1.6% | paper 1.4%

9 | decision 1.3% | case 1.8% | apply 1.5% | need 1.3%

10 | government 1.3% | economics  1.7% | provide 1.4% | study 1.3%

11 | intervention 1.1% | base 1.6% | technique 1.3% | write 1.3%

12 | politics 1.0% | conduct 1.4% | aim 1.3% | skill 1.2%

13 | approach 0.9% | practice 1.1% | cover 1.2% | read 1.1%

14 | impact 0.9% | theory 1.1% | exercise 1.2% | present 1.1%

15 | evidence 0.8% | time 1.1% | various 1.2% | relevant 1.0%

16 | evaluate 0.79% | ethics 0.9% | analyze 1.2% | group 1.0%

17 | influence 0.7% | acquire 0.9% | guantitative 1.1% | major 1.0%

18 | able 0.7% | range 0.9% | example 1.1% | final 0.9%

19 | follow 07% | relate 0.9% | practical 1.0% | experience 0.9%

20 | goal 0.6% | negotiation 0.8% | introduce 0.9% | review 0.8%

Table 5: Composition of topics by course (examples)

Title T_1 T 2 T_3 T_4 T_5 T_6
Intreduction to Quantitative Methods (GRIPS) 50% | 4.0% | 70% | 5.0% | 4.0% | 4.0%
Public Economics (GRIPS) 6.6% T0% | 6.6% 4.5% 9.9% | 5.6%
Intellectual Property Rights and Regulation (METU (MS)) 1.8% 1.8% | 2.2% 1.8% | 78.7% | 1.8%
Advanced Scientometrics (Stellenbosch) 8.5% 43% | 6.0% | 437 5.2% | 94%
Title T7 T_8 T 9 T_10 T_11 T_12
Intreduction to Quantitative Methods (GRIPS) 40% | 4.0% | 6.0% | 7.9% | 44.8% | 4.0%
Public Economics (GRIPS) 6.6% 8.8 | 7.7% | 15.2% | 12.0% | 8.8%
Intellectual Property Rights and Regulation (METU (MS)) 1.8% | 2.6% | 1.8% 1.8% 1.8% | 2.2%
Advanced Scientometrics (Stellenbosch) 144% | 11.1% | 7.7% | 10.2% | 94% [ 94%

These topics can be categorised into broadly-defined groups. Figl shows the clustering of
topics using the Ward method. This is calculated based on variance of each topic which is
defined as normalised sum of variances of top words’ attached to each topic. One distinct
group is Quantitative research methodologies (T_11), which shown to be distant from the
other topics. By contrast, Policy science (T_9), Science and society (T_1), Innovation and
policy (T_8), Law and ethics (T_2), and Qualitative research methodologies (T_12) are
categorised as neighbouring topics; their proximity can be partly explained by the fact that
they share common methodologies. Development and STI (T_7) is similar to the above topics.
Intellectual assets (T_5) and Technology adoption to society (T_3) may be categorised as a
similar group. Together with Energy and Environment (T_6), Research design (T_10), and
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Technology and management (T_4), T_5 and T_3 constitute a broadly defined similar topic
group.

Fig 1: Clustering topics using the Ward method
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Appendix 2 shows the composition of topics by education programs, calculated as a simple
average of courses by programs. These are also visualized in radar charts and shown on our
website (https://scirex.grips.ac.jp/sti-syllabi-radar). They are valuable because they show each
programme’s coverage of educational content.

Figure 2 is a map of education programs and Figure 3 is a cluster dendrogram of programs by
type. METU (MS and PhD), HSE and POLY may be clustered as one group with more
management-intensive course components, including Technology adoption (T_3), Technology
and management (T_4), and Innovation and policy (T_8). Michigan and CMU may also be
defined as one group with a strong focus on Energy and environment (T_6) and Policy
Science (T_9). UNU-MERIT also constitutes a single group, due to its intensive coverage of
Development and STI (T_7).

Figure 2: Mapping STI education programmes
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Figure 3: Clustering STI education programmes by type
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Conclusion

As the data are far from complete, it is still quite difficult to draw definitive conclusions.
However, this exercise may increase understanding of the ‘core’ of STI studies. Martin (2012)
has described Economics, Sociology, Management, and Organization studies as core
disciplines that made a significant contribution to building science policy and innovation
studies (SPIS) in what he refers to as the “pre-history period’. As the fields matured, several
clusters emerged, relating to (i) the economics of innovation, technology, and growth; (ii)
management of industrial innovation and the resource-based view of the firm; (iii)
organisations and innovation; (iv) systems of innovation; (v) sociological and other
contributions to SPIS; and (vi) measuring technology and innovation. These observations
partially coincide with our results. However, we have also found other areas, such as Law and
Policy Science that may play a more significant role in constituting science of science,
technology, and innovation policy.

This research-in-progress paper reports on our efforts to develop curricula designed to
enhance the human resources necessary for future evidence-based policymaking. To achieve
this purpose, we have conducted both qualitative research (which has revealed shared
terminology and significant questions for both policymakers and researchers) and quantitative
research (which has defined the architecture of different STI education programmes). This
report focuses on the quantitative topic-model method. We recognise that it is necessary to
examine the relationship between educational programmes and their outcomes, including the
social impact of graduates. Additional time is needed for observation. Meanwhile, it is
important to develop consistent quantitative analyses to define the specialities of each STI
programme. For a robust analysis, it will be important to include more time-series data and
detailed information on the syllabi used by other relevant educational programmes.
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Appendix 1: List of STI education programs covered in the analysis
Japan:
GRIPS Innovation, Science and Technology Policy Programme (GIST), National Graduate

Institute for Policy Studies (GRIPS) * Master’s and doctoral level degree programmes.
Retrieved from http://gist.grips.ac.jp/en/education/.

Science, Technology and Innovation Governance Programme (STIG), The University of
Tokyo *Certificate programme. Retrieved from http://stig.pp.u-
tokyo.ac.jp/en/program_curriculum.html.

Innovation Management Policy Programme (IMPP), Hitotsubashi University *Certificate
programme. Retrieved from http://impp.iir.hit-u.ac.jp/syllabus/.

Programme for Education and Research on Science and Technology in Public Sphere (STiPS),
Osaka University and Kyoto University * Joint certificate programme. Retrieved from
http://stips.jp/english/.

Center for Science, Technology and Innovation Policy Studies (CSTIPS), Kyushu University
* Certificate programme. Retrieved from http://www.sti.kyushu-u.ac.jp/english/index.php

UK:

MSc Innovation Management and Entrepreneurship, Manchester Institute of Innovation
Research, The University of Manchester Alliance Manchester Business School (Manchester).
Retrieved from https://www.mbs.ac.uk/media/ambs/content-
assets/documents/masters/2016/ime-structure-2016.pdf.

Science and Technology Policy MSc, Science Policy Research Unit (SPRU), School of
Business, Management and Economics, University of Sussex. Retrieved from
http://www.sussex.ac.uk/bmec/internal/departments/spru/pgcourses/2015/N1501T/57010

USA:

Master of Science and Technology Policy, Consortium for Science, Policy & Outcomes
(CSPO), Arizona State University (ASU). Retrieved from https://sfis.asu.edu/student-
life/current-upcoming-courses.

Energy Science, Technology and Policy (EST&P), Institute of Technology, Department of
Engineering and Public Policy (PPP), Carnegie Mellon University. Retrieved from
https://enr-apps.as.cmu.edu/open/SOC/SOCServlet/search

International Science and Technology Policy Master of Arts, Elliott School of International
Affairs, Center for International Science and Technology Policy (CISTP), George
Washington University. Retrieved from
https://elliott.gwu.edu/graduate-course-descriptions/international-science-technology
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Master of Science in Public Policy, School of Public Policy, Georgia Institute of Technology.
Retrieved from http://www.spp.gatech.edu/courses

MIT Graduate Certificate Program in Science, Technology and Policy, School of Engineering,
Engineering Systems Division, Technology and Policy Program (TPP), Massachusetts
Institute of Technology (MIT). Retrieved d from: http://tpp.mit.edu/index.php/home/masters-
program/tpp-sm-curriculum/

Master of Arts in Bioethics & Science Policy, Duke Initiative for Science & Society, Duke
University. Retrieved from https://scienceandsociety.duke.edu/learn/ma/curriculum/

Science, Technology, and Public Policy Program: Graduate Certificate Program, Gerald R.
Ford School of Public Policy, University of Michigan. Retrieved from
http://www.stpp.fordschool.umich.edu/graduate-certificate/coursework/

The Program in Science, Technology, and Environmental Policy: Ph.D. Program, Woodrow
Wilson School of Public and International Affairs, Princeton University. Retrieved from
http://www.princeton.edu/step/degrees/phd/

The Netherlands:

Master of Science in Public Policy and Human Development, United Nations University
(UNU-MERIT), Maastricht University. Retrieved from
https://www.maastrichtuniversity.nl/education/master-public-policy-and-human-
development/courses-curriculum

South Africa:

Mphil/PhD in Science and Technology Studies, Centre for Research on Evaluation, Science
and Technology, Stellenbosch University.

http://wwwa0.sun.ac.za/crest/ * Syllabi data was collected from personal email exchange with
the faculties.

Canada:

MSc/PhD Département de mathématiques et de génie industriel, Polytechnique Montreéal.
http://www.polymtl.ca/magi/ * Syllabi data was collected from personal email exchange with
the faculties.

Turkey:

MSc/PhD Science and Technology Policy Studies, Middle East Technical University (METU-
TEKPOL). http://stps.metu.edu.tr/courses * Syllabi data was collected from personal email
exchange with the faculties.

Belgium:

Bachelor Course, Ghent University.
https://www.ugent.be/en * Syllabi data was collected from personal email exchange with the
faculties.
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Italy:

PhD in Economics and Management of Innovation and Technology, Bocconi University.
https://www.unibocconi.eu/wps/wcm/connect/bocconi/sitopubblico_en/navigation+tree/home/
programs/master+of+science/economics+and+management+of+innovation+and+technology/
* Syllabi data was collected from personal email exchange with the faculties.

Russia:

Master’ Programme in Governance of Science, Technology, and Innovation, Institute for
Statistical Studies and Economics of Knowledge, National Research University Higher
School of Economics (HSE). http://www.polymtl.ca/magi/ * Syllabi data was collected from
personal email exchange with the faculties.
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Appendix 2
Topic components by programme (1)
Scienceand Law  and Technology  Technology Intellectual  Energy and
society ethics adoption and man- assets environ-
agement ment

Name T_1 T2 T3 T 4 T_5 T 6
POLY (Grad) 6.7% 6.5% 11.6% 18.7% 7.8% 6.3%
Manchester 8.3% 6.1% 7.6% 11.9% 5.3% 1.0%
Sussex 8.0% 6.9% 6.9% 9.0% 6.2% 10.3%
GRIPS 8.6% 5.8% 71.2% 5.6% 7.0% 5.9%
Hitotsubashi 10.1% 5.2% 5.5% 5.9% 5.5% 6.1%
Kyoto 0.0% 7.4% 6.3% 8.4% 6.5% 6.2%
Kyushu 14.5% 5.8% 4.6% 3.6% 3.3% 12.0%
Osaka 15.5% 9.1% 6.1% 6.9% 5.2% 8.4%
U Tokyo 10.2% 7.9% 6.1% 8.6% 5.8% 6.7%
UNU-MERIT 5.6 6.7% 6.8% 6.0% 6.2% 6.1%
HSE 6.1% 5.2% 7.9% 17.9% 6.4% 3.9%
METU (MS) 0.1% 6.8% 13.4% 8.5% 10.1% 5.9%
METU (Ph.D) 8.3% 6.7% 13.1% 8.6% 10.1% 5.7%
ASU 11.7% 6.3% 7.1% 3.2% 4.1% 4.8%
CMU 6.3% 8.8% 6.9% 1.7% 5.4% 19.8%
Duke 8.9% 13.8% T.1% 6.3% 7.0% 71.2%
Georgia Tech 6.4% 6.5% 7.6% 9.1% 6.2% 1.7%
GWU 8.1% 12.0% 8.0% 1.7% 6.9% 6.7%
Michigan 6.9% 10.6% 1.2% 1.3% 5.7% 13.0%
Princeton 7.4% 8.6% 5.4% 1.2% 7.3% 10.2%
Stellenbosch 14.0% 8.2% 6.7% 6.3% 6.3% 7.9%
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Topic components by programme (2)

Development Innovation Policy sci- Research Quantitative Qualitative
and ST1 and policy ence design methodol- methodol-
ogy ogy
Name T 7 T_8 T 9 T_10 T 11 T_12
POLY (Grad) 1.2% 9.5% 5.9% 6.3% 1.7% 5.9%
Manchester 0.0% 8.3% 8.9% T.4% 10.0% 10.2%
Sussex 8.5% 8.9% 8.3% T.1% 12.2% 7.6%
GRIPS 6.9% T1.4% 1.5% 11.6% 19.6% 6.8%
Hitotsubashi 6.3% 10.0% 5.9 16.3% 11.0% 12.1%
Kyoto 6.2% 6.4% 9.0% 18.3% 1.2 9.1%
Kyushu 5.1% 10.2% 13.7% 0.3% 0.1% 4.9%
Osaka 6.8% 6.9% 8.3% 12.6% 6.8 7.1%
U Tokyo 1.0% 1.7% 10.8% 12.9% 8.6% 7.6%
UNU-MERIT 21.9% 1.7% 8.9% 6.0% 10.3% 1.7%
HSE 8.9% 13.9% 6.6% 6.2% 0.4 5.8%
METU (MS5) 6.5% 13.3% 6.2% 6.6 1.4 6.3%
METU (Ph.D} 6.5% 13.6% 6.5% 6.4% 8.0% 6.5%
ASU 1.8% 1.3% 8.2% 8.0% 6.2 23.1%
CMU 1.1% 3.5% 6.7% 6.6 1.4 11.7%
Duke 1.6% 6.9% 9.5% 5.6 8.2 5.8%
Georgia Tech 1.3% 1.0% 15.6% 1.3 11.4% 1.7%
GwWUu 1.6% 8.0% 8.0% 8.0% 11.9% 7.0%
Michigan 1.4% 6.1% 12.8% 6.7% 6.8 0.4%
Princeton 10.1% 1.3% 10.7% 6.5 8.8 71.5%
Stellenbosch 0.6% 8.8% 8.8 10.3% 6.4% 6.8%
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