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Complex international partnerships have emerged as a policy instrument of choice for many governments to
build domestic capacity in science, technology and innovation with the help of foreign partners. At present,
these flagship initiatives tend to be primarily practitioner-driven with limited systematic understanding of
available design options and trade-offs. Here,we present an analysis of four suchpartnerships from theuniversity
sector between the Massachusetts Institute of Technology (MIT) and governments in the UK, Portugal, Abu
Dhabi, and Singapore. Using a system architecture approach in conjunctions with in-depth case studies and
elements of interpretive policy analysis, we map how in each country distinct capacity-building goals, activities,
and political and institutional contexts translate into different partnership architectures: a bilateral hub-&-spokes
architecture (UK), a consortium architecture (Portugal), an institution-building architecture (Abu Dhabi), and a
functional expansion architecture (Singapore). Despite these differences in emergent macro-architectures, we
show that each partnership draws on an identical, limited set of ‘forms’ that can by organized around four
architectural views (education, research, innovation & entrepreneurship, institution-building) and four levels
of interaction between partners (people, programs/projects, objects, organization/process). Based on our analy-
sis, we derive a design matrix that can help guide the development future partnerships through a systematic
understanding of available design choices. Our research underscores the utility and flexibility of complex inter-
national partnerships as systemic policy instruments. It suggests a greater role for global research universities
in capacity-building and international development, and emphasizes the potential of targeted cross-border
funding. Our research also demonstrates the analytic power of system architecture for policy analysis and design.
We argue that architectural thinking provides a useful stepping stone for STS-type interpretive policy analysis
into national innovation initiatives in different political cultures, as well as more custom-tailored approaches
to program evaluation.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction: Complex International Science, Technology, and In-
novation Partnerships

Over the past two decades, a growing number of countries have
launched large-scale international partnerships between domestic uni-
versities and prominent international partner institutions. For example,
since 2006, the country of Portugal has launched five major collabora-
tive initiatives with the Massachusetts Institute of Technology (MIT),
Carnegie Mellon University, University of Texas at Austin, Harvard
gy in Society (MCTS) and TUM
, Arcisstr. 21, 80333 München,

fotenhauer).

. This is an open access article under
Medical School, and the German Fraunhofer Society to “strengthen the
country's knowledge base and international competitiveness through a
strategic investment in people, knowledge and ideas” (MIT, 2005;
Pfotenhauer et al., 2013). Likewise, in 2006, the government of
Singapore inaugurated its Campus for Research Excellence and Techno-
logical Enterprise (CREATE) as an “international collaboratory of research
centers set up by top global universities and research institutes in
Singapore [.] that fosters deep collaborations with each other and with
Singapore universities [and] establish[es] a reputation as a leading re-
search hub” (NRF, 2006), inviting as many as 10 international partners
to CREATE, including University of California Berkeley, University of Cam-
bridge, ETH Zurich, MIT, Technion, and TUMunich. Another example, the
new Skolkovo Institute of Technology (SkolTech) – an innovation-geared
research university established just outside Moscow – is being built
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around a suite of collaborative Centers for Research, Education, and Inno-
vation, where local, national, and international partners (including MIT
and the universities of Groningen and Delft) come together to jointly
work on research projects.

Cross-border activities among universities are not new. However,
this new generation of partnerships differs from traditional forms of
engagement in several important ways. First, they typically represent
capacity-building agreements; that is, they are limited-time contractual
engagements to build domestic capacity in a specific scientific or tech-
nological domain with the help of an international partner, after which
the partnership may be terminated. Unlike branch campuses or twin-
ning programs, they are not seen as permanent offshore presences,
and tend to be driven primarily by the government of hosting country
— not by an expanding university per se. Second, they typically combine
explicitly collaborative activities with a set of (paid) services provided
by one partner to the other. Third, they allocate local taxpayer money
to fund research (and a host of other activities) with and at a foreign
partner university, which stands in sharp contrast to the still mostly
national patterns in research funding and institution-building. Fourth,
the partnerships are typically complex, meaning that they simulta-
neously address goals in education, research, innovation, institution-
building, and policy reform, among others. This differs frommore tradi-
tional forms of cross-border university engagement, which usually only
focus on one of these aspects, e.g. in the formof student exchanges, dual
degree programs, or individual researcher collaboration. Fifth, they tend
to be large-scale initiatives that may last up to 20 years, involve hun-
dreds of people, cost tens to hundreds of millions of dollars (not includ-
ing potential infrastructure development), and often tie in a plethora of
institutions in a consortium-like structure.

These large-scale university partnerships are part of an emergent pol-
icy instrument for national capacity-building that we call
“Complex International Science, Technology, and Innovation Partner-
ships” – CISTIPs for short – and that share the above properties of
(1) limited-term capacity-build arrangement, (2) hybrid collaborative-
consultative efforts, (3) funding foreign institutions, (4) complexity, and
(5) scale. In general, CISTIPs are not limited to partnerships between uni-
versities, but exist across an increasing range of other institutional and
sectoral settings. For example emerging space nations today typically
build their first satellite with the help of foreign partners (e.g. companies,
government agencies, universities), which equally involves the build-up
of research, education, and institutional capacity. Likewise, emerging nu-
clear nations typically build their first nuclear power plant with the part-
ners in established nuclear powers. The present paper is part of a larger
effort to study CISTIPs across sectors and institutional configurations.

Here, we focus on CISTIPs for the case of universities, using four part-
nerships between the Massachusetts Institute of Technology (MIT) and
the governments of the UK, Portugal, Abu Dhabi, and Singapore as case
studies.We explore how these partnerships have been constructed to ad-
dress very different capacity-building goals while relying on similar basic
building blocks, and provide a conceptual framework as well as a design
toolkit to guide the development of such partnerships in the future.

Note that our goal here is not to assess the success or efficiency of
these collaborations from a program evaluation perspective. Rather, it
is to understand and systematize the design choicesmade in existing col-
laborations and to develop tools for managing their complexity, thus fo-
cusing primarily on structural aspects. We believe that our insights
provide a crucial step for a more adequate evaluation agenda, rooted in
a prior understanding of complex goals and unique architectures that
evade one-size-fits-all approaches. We further see our work as highly
compatible with interpretive approaches to policy analysis as found, for
example, in Science and Technology Studies: An in-depth mapping of
the policy choices embodied by complex S&T initiatives such as CISTIPs
gives us a robust empirical footing for interpreting these policy choices
vis-à-vis persistent sociotechnical imaginaries (Jasanoff and Kim,
2009), social expectations surrounding S&T (Borup et al., 2006), and
the co-production of technoscientific and social orders (Jasanoff, 2004).
2. Three trends in innovation policy: university-centrism,
international linkages, and complexity

This section aims to locate the emergence of complex international
university partnership within the current landscape of science, technol-
ogy, and innovation policy. Over the past decade, innovation policy has
been shaped by three major trends: an increasingly central role of uni-
versities, a surge in internationalization and research collaboration,
and growing complexity of policy instruments. Universities, first, have
moved boldly to the heart of national and regional innovation strategies
across the globe (Mansfield, 1991; Mansfield and Lee, 1996; Salter and
Martin, 2001; Mowery, 2004; Etzkowitz, 2008; Youtie and Shapira,
2008; Cowan and Zinovyeva, 2013; Thorp and Goldstein, 2010). The
role of universities for innovation – and particularly their often-cited
ability to simultaneously address human capital formation, the creation
of new knowledge, and the translation of this knowledge into
technological and economic advancement – has been explored by
decades' worth of theory development on endogenous growth (Lucas,
1988; Romer, 1990; Aghion and Howitt, 1998; Scherer, 1999) and a
flourishing, multidisciplinary literature on innovation theory and
practice (see Fagerberg, 2006; Smits et al., 2012 for an overview).
Universities are considered cornerstones of national, regional, or
sectoral innovation systems (Lundvall, 1992; Nelson, 1993; Edquist,
2005; Braczyk et al., 2004; Malerba, 2005) and seen as key nodes in
the globalizing learning economy, in which rapid knowledge diffusion
and updating, access to knowledge networks, institutional diversity,
and global interconnectedness are increasingly replacing classical
growth factors such as the accumulation of capital and labor
(Archibugi and Lundvall, 2001; Conceição and Heitor, 2001; Llerena
and Matt, 2005). Meanwhile, universities have also become major eco-
nomic actors themselves: With the rise of “entrepreneurial university”
models, universities are increasingly engaged in creating proprietary
knowledge and commercializing research through spin-offs or licens-
ing, and are assessed not only by their intellectual but also their eco-
nomic impact (Clark, 1998; Etzkowitz, 2003; Shane, 2004; Thorp and
Goldstein, 2010; Slaughter and Leslie, 1997). As a result, many (if not
most) national and regional “innovation strategies” of the last couple
of decades have revolved around universities in one way or another.

Second, innovation policy has been increasingly concerned with in-
ternational linkages. Drawing upon partial roots in international devel-
opment, the current discourse of innovation policy has closely linked to
questions of international knowledge circulation, technology transfer,
and gradual convergence to the innovation frontier (Bozeman, 2000;
Lee and Lim, 2001; Wei, 1995; Reddy and Zhao, 1990; Amsden, 2001),
whereby less-developed nations are imagined to start as adopters
and recipients of foreign direct investments, gain expertise through
imitation and import substitution, and eventually begin to innovate
themselves (Kim, 1997; Lall, 1992; Grieve, 2004). Recent literature has
tended to emphasize technological learning over transfer, in which
opportunities to benefit from technology acquisition in the long run de-
pend on local skills and absorptive capacity, as well as the ability to
adapt technologies in a local context (Fransman et al., 1984; Cohen
and Levinthal, 1990; Keller, 1996; Lall, 1992; Kim, 1997; Amsden,
2001; Cusumano and Elenkov, 1994).

Another way in which research and innovation policy has gravitated
towards internationalization is the surge in research collaborations
across fields and institutions, as evidenced by a growing number of
scientometric studies (Bozeman et al., 2013; Wuchty et al., 2007;
Wagner, 2005; Melin, 2000; Georghiou, 1998; Katz and Martin, 1997;
Vinkler, 1993; Luukkonen et al., 1992). Research collaboration has
been shown to have positive effects on scientific as well as broader eco-
nomic productivity (Subramanyam, 1983; Wuchty et al., 2007; Lee and
Bozeman, 2005; Dietz and Bozeman, 2005). While collaboration may
take many forms, most studies have focused on individual-level
research collaborations such as co-authorship or citation networks
due to the ready availability of such data, even though their limitations



1 As discussed below, Cambridge-MIT addressed human resource formation primarily
through Master's programs and a variety of add-on activities, MIT-Portugal through PhD
Programs and a focus on entrepreneurship, Masdar through building the first graduate
university of the country, and Singapore first through education in critical engineering
fields, then through the attraction of MIT faculty, then through undergraduate education
in creativity and design.
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arewidely acknowledged (Bozeman et al., 2013).Much less attention has
been paid to institutional or national-level research collaborations. Those
papers that do focus on institutions tend to bemainly concernedwithuni-
versity–industry links or government-industry–university interactions
(see e.g. Hagedoorn et al., 2000; Etzkowitz, 2002; Carayannis et al.,
2000; Eom and Lee, 2010), institutionalization and management of mul-
tidisciplinary, mission-oriented research collaborations (Corley et al.,
2006; Bammer, 2008), or collaborative settings in cross-border provision
of higher education (Knight, 2004; Altbach and Knight, 2007; Verbik and
Merkley, 2006). The present work expands this literature by analyzing
international research and innovation collaborations that closely link
universities from different countries with the aim of affecting broader
institutional or ecosystems change for each partner.

What is more, internationalization in innovation has been increas-
ingly tied toquestions of international labormobility, especiallywith re-
gard to university students and graduates (Freeman, 2014; Freeman,
2005; Bound et al., 2009; Hunt and Gauthier-Loiselle, 2008). It is an
open secret that the US has benefitted from the attraction and retention
of highly talented students from around the globe (Finn, 2012). Student
and faculty cross-border mobility has been acknowledged as important
to national capacity building in higher education (Vincent-Lancrin,
2007; OECD, 2004) and the flow of skills and knowledge (Knight,
2007; Clotfelter, 2010; Kehm and Teichler, 2007). The number of inter-
nationally mobile students has doubled between 2001 and 2011 to
about 4.3 million, and is estimated to rise above 8 million by 2025
(IIE, 2013; Bhandari and Blumenthal, 2011). As a consequence, many
net-sending countries are trying tomeet this “international imperative”
by becoming net-receiving countries, which will allow them to benefit
from bright, mobile individuals in their domestic universities and
labor markets (Altbach, 2007).

A third major trend, innovation policy has consistently grown in
terms of complexity over the years. The sprawling literature of innova-
tion research has gradually complicated our view of how innovation
works and how it ought to be orchestrated — from relatively simple
pipeline models of the post-WWII era and later differentiation between
push, pull, and interactivemodes of innovation (Landau and Rosenberg,
1986; Balconi et al., 2010; Rothwell, 1992), to the more recent frame-
works of innovation systems that emphasize how different parts of
the system serve complementary functions (Lundvall, 1992; Nelson,
1993; Edquist, 2005; Braczyk et al., 2004). Other scholars have empha-
sized the gradual erosion of institutional boundaries in innovation
(Etzkowitz, 2008) and knowledge production (Gibbons et al., 1994).
As a result of thismore sophisticated theoretical understanding, innova-
tion strategies have grown in complexity as well, addressing innovation
with increasingly holistically approaches from multiple policy angles
(Kuhlmann et al., 2012; OECD, 2010). This recognition of complexity
has recently led to a more conscious exploration of “systemic
instruments” for innovation policy (Smits and Kuhlmann, 2004) and
“functions” of innovation systems (Hekkert et al., 2007), which, partly
owed to the absence of adequate tools to manage this complexity, has
yet to bear fruit in common policy practice. We agree with much of
this literature and argue that the emergence of complex innovation
partnerships as an increasingly common tool for building capacity in
various national and transnational contexts underscores its importance.
Yet, a gap continues to exist in developing appropriate frameworks,
decision support or evaluation tools to grapple with the complexity
of CISTIPs. For the most part, the current literature is concerned with
theorizing these ongoing changes. Our research aim is both to improve
understanding and practice by building theoretical knowledge about
the dynamics, rationales, and architectures of CISTIPs aswell as practical
tools to enable their modeling, evaluation and design.

3. Framework, methods, data: system architecture as policy analysis

Our research uses a comparative case-study design (Yin, 1994;
Jasanoff, 2005; Eisenhardt, 2007) together with a system architecture
approach (Maier and Rechtin, 2000; Crawley et al., 2015) to study
complex university partnerships. Generally, system architecture is a
framework to analyze, interpret, design, and manage complex systems
across their micro- and emergent macro-properties. Here, the term
“architecture” is understood as “an abstract description of the entities
of a system and the relationship between those entities. […] The pre-
mise [of system architecting] is that our systems are more likely to be
successful if we are careful about identifying and making the decisions
that establish the architecture of a system” (Crawley et al., 2015).

Central to system architecture (and architectural thinking in gener-
al) is the idea of form–function relationships. Echoing the civil architec-
tural mantra of “form follows function,” we can look at partnerships as
complex systems in which certain partnership components, or forms,
relate to partnership activities, or functions, and analyze how they relate
to broader stakeholder objectives. Acknowledging the inherent com-
plexity of many systems, we can then ask how certain form–function
combinations are compatible or incompatible with one another, or
how alternative partnership architectures align or conflict with stake-
holder objectives and contextual constraints.

System architecture analysis is based on the premise that one func-
tion can potentially be served by several forms, and that system de-
signers can choose which available form they will employ for a given
function. For example, all four case studies in this paper focused, in
one way or another, on human resource development for innovation
(a function). Yet, they did so in very different ways, employing different
system forms.1 The choice of a particular form over another is deter-
mined by various factors — expressed stakeholder preferences, avail-
ability of information on design options, institutional context, political
constraints, or mere historical chance. System architecture analysis rec-
ognizes this contingency but emphasizes that different architectural op-
tions do exist at every step of the design process and should – in an ideal
world – bemade explicit and consciously weighed by the ‘system archi-
tect’ (e.g. policy-makers). Conversely, in any architecture, one formmay
simultaneously serve several functions. For example, introducing a new
course in technology management (a form) may serve several func-
tions, such as training human resources, providing a pathway to over-
come disciplinary and departmental boundaries by bringing together
students with different backgrounds, fostering commercialization of
university research, or triggering broader institutional and cultural
change at a university. Different forms thus open up or close down cer-
tain avenues for addressing stakeholder goals through specific function-
alities. Functions may be more or less integrated within certain forms,
with considerable impact on system complexity and performance.

To analyze our case studies, we further introduce the concept
of architectural views. Architectural views are relatively broad
conceptual categories in which stakeholders express the objectives
of partnerships — independent of which forms might actually be
employed to address them, or which specific functions one particular
form might serve. For example, a research view would highlight all ar-
chitectural aspects related to initiating, performing, evaluating, or utiliz-
ing research, thus bringing to the fore the interrelation of partnership
components as diverse as researcher mobility, research projects and
grants, researcher recruitment, focus area selection, infrastructure
development, industry-sponsored research etc., while moving other
questions (e.g., concerning education) temporarily to the background.
Architectural views do not follow self-evidently from the design of the
partnership; rather, they resemble the broader discursive categories
or policy priorities that stakeholders associate with the partnership
initiative and the institutions involved. In our case studies, we find
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that objectives fall most commonly under four views: (1) education, (2)
research, (3) innovation & entrepreneurship, and (4) institution-building/
institutional change. Albeit incomplete, we will use these four in the fol-
lowing to structure observed activities within the architecture of the
partnership.

We chose the systemarchitecture framework because it is a powerful,
albeit under-appreciated, tool for policy analysis of complex phenomena
like CISTIPs, and it is highly compatible with interpretive policy analysis
frameworks (Dryzek, 1990; Majone, 1992; Fischer and Forester, 1993;
Schön and Rein, 1995; Stone, 2001; Hajer and Wagenaar, 2003; Fischer,
2003). While system architecture seeks to analyze a phenomenon with
a view towards abstract forms and functions and idealized archetypes,
it does not that the resulting architectures are politically “neutral” – on
the contrary, it acknowledges that architectureswill always embody nor-
mative preferences. This enables deeper qualitative inquiry intowhy only
certain policy architectures emerge under certain social, political, and his-
torical circumstance, while others are inhibited.We argue that an answer
to this questionmust include both an appreciation of the political, cultur-
al, and individual components as well as an in-depth understanding of
the actual architectures at play.

3.1. Data

Empirically, our research builds on data from more than 100 semi-
structured interviews between 2010 and 2014 with actors involved in
four partnerships between MIT and governments and universities in
four countries: the Cambridge–MIT Institute (with the University of
Cambridge, UK), the MIT Portugal Program, the Masdar Institute of Sci-
ence and Technology (Abu Dhabi), and a suite of three collaborations
with Singapore. During the interview period, all partnerships except
the Cambridge–MIT Institute were still ongoing and largely in steady-
state operation, with the further exception of the latest addition to the
MIT–Singapore collaboration in 2010 (cf. below). Interviews were
carried out both at MIT and in the partner countries, with the majority
of interviews performed by the principal author. Interviewees in MIT's
partner countries included institutional leadership; policy-makers from
various ministries concerned with science, technology, innovation, or
higher education; programmanagers employed by the partnership; fac-
ulty (both participating and non-participating); students; and occasion-
ally representatives of third-party institutions (such as industry partners
and funding or accreditation agencies). On the MIT side, interviewees
included participating faculty, institutional leadership, and a limited
number of participating students. Many of the key actors on the MIT
side have been involved inmore than one partnership (for example, cur-
rent faculty participants and leadership in Portugal and Singapore were
previously engaged with Cambridge–MIT), thus increasing the empiric
reach of individual interviews. In addition, two online surveys have
been conducted for MIT–Portugal (Pfotenhauer et al., 2013).

Moreover, we analyzed a wide range of publicly accessible and con-
fidential documents, including annual reports, policy reports, internal
strategy documents, and contracts, among others. We note that all of
the authors of this study have been affiliated with MIT at some point,
and some of them (SP, DR, DN) have been involved with some of the
partnerships studied. This involvement afforded additional insights
from a participant observation perspective. It is also part of the reason
why, in light of potential conflicts of interest, we abstain from evaluative
discussion of partnership success in this paper. All findings have been
cross-validated through iterative interviews and triangulation of infor-
mation from various sources.

4. Case studies

4.1. The Cambridge–MIT Institute (CMI)

CMI was launched in 2000 primarily as a response to prevailing
government concerns about a decline in British competitiveness and
global economic leadership in the wake of de-industrialization, and its
alleged lagging transition into an innovation-based economy. It fits
into awider policy discourse at that time that lamented the “historically
weak commercial awareness” of British universities, which stood in
contrast to the otherwise “high quality of academic science” in the
U.K. (DTI, 2001). At the macro-level, CMI followed a bilateral model
with strong focus on symmetry. From the beginning, CMI was con-
ceived, implemented, and presented as a “joint venture” between two
institutions of equal standing, “bringing together two of the world's
great universities to build on the complementary strengths of each”
(CMI, 2005). A different configuration where a ‘superior’ American
university would have appeared to ‘help’ an inferior British one was
deemed politically unfeasible, which also outweighed practical consid-
erations whether partnering with an more engineering-oriented uni-
versity, such as Imperial College, would be a better fit.

Institutionally, CMI had a somewhat difficulty standing at
Cambridge. CMI was predicated on the government vision that the col-
laboration withMITwould help transform Cambridge into an entrepre-
neurial, innovation-oriented university that could spearhead a broader
transformation of the U.K. system. In the words of the final assessment,
“CMI was a creditable idea, which sought to learn about and import to
the UK the critical aspects of the MIT approach to driving innovation
out of research, and with the evident and strongly positive spillover
benefits to the Boston and New England economies” (Technopolis,
2012). In terms of partnership design, itwas envisioned that the innova-
tive effects of the collaboration would radiate outwards from the bilat-
eral core into the British higher education system in a hub-and-spokes
fashion through an affiliated National Competitiveness Network,
whereby CMI “worked with over 100 universities and more than 1000
companies and public research enterprises” (CMI, 2008). Yet, at the
institutional-political level, the very idea that the esteemed University
of Cambridge was insufficient in some regards – that it might even
learn from a ‘young’ American engineering university like MIT – was
generally greeted with skepticism and at times ran into considerable
institutional resistance. According to a Cambridge faculty member, the
institutional implementation “was really tough. Taking off the shelf a
number of things [.] and adding a few new things – that's the MIT
model – is thatmuch harder to do in Cambridge [with] the incrustation
of 800 years [.]. So we spent a lot of time fighting with senior people in
departments [.] trying to persuade them to change theway that they do
things so that we could do what we were supposed to do for CMI.” Due
to these and other institutional constraints, CMI had to act somewhat
minimally invasively and find activities that would come as an add-on
that came on top of, but would not substantially interfere with, already
existing activities at a “world leader in academic research” (CMI, 2008).

This ambivalent role was evident for example in education. CMI suc-
cessfully introduced six Master's programs at Cambridge (see Table 1),
which continued beyond the program termination in 2007. These pro-
grams were partly modeled after MIT program: for example, the Tech-
nology Policy Program at Cambridge is an explicit sister program of
the Technology Policy Program at MIT. Yet, in their hybrid nature and
crossing cross the disciplinary boundaries between science, engineer-
ing, management and policy and modeled after existing MIT programs,
they did not have an obvious institutional home at Cambridge. They
ended up being partly hosted and run through the Judge Business
School, which in turn created “difficult politics of going to other depart-
ments,” according to one Cambridge faculty member, particularly with
regard to engineering and science. Moreover, while professional
Master's programswere welcome, Cambridge considered it inappropri-
ate to touch its PhD programs to promote innovation: Industrially ori-
ented PhDs, as employed at MIT and suggested for the partnership,
were not picked up. A Cambridge faculty member summarized the pre-
vailing attitude in Cambridge as: “you either did science and engineer-
ing technology, [which] tended to be much more academically
oriented, or you did anMBA or one of the business master's programs.”
In addition to new programs, CMI also implemented an undergraduate



Table 1
Overview of the MIT collaborations.

Cambridge MIT Institute
(CMI)

MIT Portugal Program
(MPP)

Masdar Institute of Science and
Technology (MIST)

Singapore
(SMA/SMART/SUTD)

Years 2000–2007 2006–2012 (Phase 1)
2013–2017 (Phase 2)

2006–2011 (Phase 1)
2011–2016 (Phase 2)

1999–2004 (SMA), 2005–2013 (SMA2),
2007–curr. (SMART), 2010–curr. (SUTD)

Scope 175 faculty (80 UC), 350 students 340 faculty (270 Portuguese), 327 PhD
students and 159 Master's students in
Portugal, 300 students at MIT

91 newly hired faculty members, 490
students

SMA: 53 Sg faculty, 44 MIT faculty, 900 Alumni
SMA2: 56 Sg faculty, 53 MIT faculty
SMART: 122 Sg faculty, 62 MIT faculty
SUTD: 120 SUTD faculty recruited, 20 MIT faculty

Funding £68 million €79 million approx. $85 million Several hundred million over multiple partnerships
Goals ⋅ Provide a model for boosting economic

impact of UK universities
⋅ Minimally invasive initiative at
Cambridge, based on add-on activities

⋅ Create distributed critical-mass re-
search clusters in priority areas

⋅ Trigger educational and institutional
change from within

⋅ Add innovation and entrepreneurship
activities

⋅ Contribute to internationalization

⋅ Provide knowledge and human capital
base for transition from resource to
knowledge-based economy

⋅ Solve fundamental development
challenges

⋅ Seed ecosystem

⋅ Forge strong integration into global knowledge and economic networks
⋅ Utilize foreign talent on local research problems
⋅ Transition from “efficiency” to “innovation economy”
⋅ History of “best-practice transfer”

Partnership
architecture

Bilateral + hub and spokes: University of
Cambridge + MIT, involve other UK
universities trough Cambridge

Network: MIT + 6 Portuguese universities
+20 research centers;
4 sister programs (UT Austin, Carnegie
Mellon, Harvard Medical School,
Fraunhofer Gesellschaft)

Institution-building:
Help building first graduate research
university (opened 2009)

Strategic sequencing of multiple partnerships:
SMA: distance graduate education
SMART: research & innovation center
SUTD: new university with focus on design and undergraduate education

Education 6 Master's degrees, 2 B.Sc. degrees 4 PhD degrees, 3 Executive Master's
degrees

7 Master's Programs +1 option SMA: 5 Master's degrees with PhD option
SMART: Research fellowships
SUTD: 5 undergraduate programs, 4 Master's; 1 PhD

Research
focus areas

⋅ Healthcare and Biotechnology
⋅ Energy and the Environment
⋅ Tomorrow's Technology
⋅ Communication and Networks

⋅ Sustainable Energy Systems
⋅ Transportation Systems
⋅ Bio-Engineering Systems
⋅ Engineering Design and Advanced
Manufacturing

⋅ Future Energy Systems
⋅ Water, Environment, and Health
⋅ Microsystems and Advanced Materials

⋅ SMA: Advanced Materials for Micro- and Nano-Systems, Computation and
Systems Biology, Computational Engineering, Manufacturing Systems and
Technology, Chemical and Pharmaceutical Engineering

⋅ SMART: BioSystems and Micromechanics, Envir. Sensing and Modeling,
Infectious Diseases, Future Urban Mobility, Low Energy Electronic Systems

⋅ SUTD: Transdisciplinary with design focus; targeted design initiatives such as
Lee Kuan Yew Center for Innovative Cities, International Design Centre
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exchange program, allowing Cambridge students to spend a year atMIT
and vice versa.

Much in line with the reasoning of “equal standing,” CMI's principal
focus was thus on research –more precisely, activities that built on and
highlighted existing scientific excellence at both institutions. In an
attempt to obtain broad institutional support and buy-in, the program
initially funded a suite of smaller research projects across a variety of
domains, identified through calls for proposals, which later were con-
solidated into fewer but more resource-intense flagship projects. Facul-
ty and student researchers on both sides interacted primarily through
videoconferences (often on a weekly basis) as well as occasional in
person-meetings, andmany senior researchers spent extended research
periods (including full sabbaticals) at the partner institution. Among the
most successful and visible research projects was the “Silent Aircraft
Initiative (SAI),” which brought together engineers from MIT, Cam-
bridge, Rolls Royce, and Boeing as well as practitioners and regulators
to explore an integrated aircraft and engine design that could reduce
noise emission and fuel consumption per passenger. The Silent Aircraft
Initiative was considered a prime example of CMI's vision to “create an
environment where business and [Higher Education Institutions] are
able to forge links with each other” (DTI, 2001). It also illustrates what
has come to be known as the “Knowledge Integration Communities”
approach, introduced by CMI as a systematic way to embed a research
project within broader stakeholder communities from early on
(Acworth, 2008). Other examples of such knowledge integration
community-based multi-stakeholder projects included the low energy
mixing ventilation system, drawing together energy, fluid dynamics,
architecture, and engineering specialists from both universities to
improve energy efficiency in buildings; and the Smart Infrastructure
Network, in whichMIT and Cambridge researchers developed new sen-
sors andmonitoring systems for transportation infrastructure in collab-
oration with large British and international firms.

Innovation was further supported through the “consideration of
use” principle, in which all research projects had to stand the test of
potential application and commercialization before being approved, as
well as the CMI-affiliated National Competitiveness Network that
brought together universities, businesses, and government organiza-
tions from around the country in a variety of conferences, forums, and
workshops.2 CMI further introduced various educational offerings,
including a Management of Technology & Innovation core curriculum
in the newly introduced Master's programs.

4.2. The MIT–Portugal Program (MPP)

The MIT Portugal Program (MPP) was launched in 2006 (and
renewed in 2012) “to strengthen the country's knowledge base and in-
ternational competitiveness through a strategic investment in people,
knowledge and ideas” (MIT, 2005). In contrast to CMI, MPP was set up
as a consortiummodel that linkedMIT to an entire segment of the Portu-
guese higher education and research system (including the country's 7
leading universities, 15 national research laboratories, and industry), for
several historical reasons. While Portugal matches the UK in its long
university tradition (the University of Coimbra dates back to 1290),
Portugal does not feature single eminent research university of the cal-
iber of Cambridge. The country's modern higher education landscape
bears the birthmarks of an authoritarian regime between 1926 and
1974, from which it inherited brought broad structural deficiencies, a
strong aversion against elitism, and relatively low trust in governmental
leadership. This “late awakening” (Heitor and Horta, 2011) and the in-
clusive social equity approach in many public initiatives in the post-
dictatorship era (including a focus on equal access to higher education
access and equitable distributions of research funding) long prevented
the emergence of strong national research universities and national
2 TheNetwork addressed, among other things, questions such as standardizing IP policy
across universities and fostering entrepreneurial education.
discourses about excellence formation, and made a broad institutional
base was preferable for the partnership.

Given this context, the partnership priorities differ markedly from
CMI. At the research level, the principal objective was the achievement
of critical mass. While Portuguese universities have always had pockets
of individual research excellence, institutions and fields have tended to
remain below the critical threshold for global impact and visibility. Con-
sequently, the governmentwas looking for a mechanism to havemulti-
ple Portuguese universities join forces in collaborative research efforts,
for which MIT was envisioned as catalyst. Such intra-Portuguese net-
working was arguably even more important links between Portuguese
institutions and MIT, and it spans research (e.g., all funded projects in-
volvedmultiple Portuguese universities), education (e.g., with joint de-
grees and student rotation between several Portuguese universities),
and innovation (e.g., joint venture competitions and other national
innovation events).

For the selection of research domains, MPP pursued a two-fold goal.
On the one hand, it sought to support existing strong research enter-
prises at Portuguese universities (e.g., transportation systems or energy
systems). On the other hand, the Portuguese leveraged MPP to jump
start entire new areas with little or no predecessor in the country. For
example, the MPP Bioengineering Systems focus area entailed a push
to establish stem cell research as a new field of research in Portugal,
drawing heavily upon MIT stem cell expertise to shape research and
institutional directions, influence regulatory frameworks, and break
ground for nationwide research networks such as “stemcellnet” that
involved hospitals and industry alongside universities. All research
and education areas were centered on an Engineering Systems-core
(cf. Table 1), combining engineering questionswith economic, manage-
ment, policy, and social aspects of technology— an integrative approach
pioneered at MIT's Engineering Systems Division (MIT, 2005, 2006).
Moreover, most projects were designed to address specific Portuguese
needs and develop research agendas around unique Portuguese re-
search opportunities. For example, MPP's Green Islands Project in the
Azores is developing an integrated test-bed in sustainable energy and
transportation systems to implement and test technologies at scale in
a well-bounded island ecosystem.

A secondmajor difference to CMI wasMPP's high priority on educa-
tional change, facilitated by a general sense that such an overhaul was
needed in the country to close diagnosed gaps with peer countries
(Pfotenhauer et al., 2013; Heitor and Bravo, 2010). MPP created 7 U.S.-
style graduate programs (cf. Table 1), all of which award joint degrees
from a consortium of Portuguese universities — a novelty in the Portu-
guese system. Some education programswere designed entirely as a se-
quence of two-week modules, with students rotating throughout the
country for different parts of the curriculum and spending immersion
periods in different labs, granting student access to the country's leading
labs and fostering inter-institutional ties. This meant, among other
things, breaking with traditional academic calendars. All MPP courses
are offered in English and many are co-taught by Portuguese and MIT
faculty, who also co-supervise all PhD students. Many courses were
modeled after MIT courses, with a strong emphasis on innovation, en-
trepreneurship, and industry needs.MPP also included a faculty immer-
sion (“teach the teachers”) program that encourages Portuguese junior
faculty to visit MIT and audit classes that could be transplanted to
Portugal. More than a dozen Portuguese faculty audited and adapted
MIT's popular “innovation teams” course, in which students develop
business plans for emergingbiotech research in cooperationwith indus-
try partners.

Generally, education was seen as a central vehicle to emphasize
innovation. All MPP education tracks include mandatory components
in innovation, entrepreneurship, management, and economics, and
students frequently cite this as a key factor distinguishing MPP from
traditional Portuguese programs. In addition, all MPP-funded research
projects require industry participation. Yet, according to MIT faculty
involved in both MPP and CMI, large-scale industry collaboration has
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proven more difficult in Portugal than in the UK because of a lack of
technology-intensive industries. Instead, MPP has focusedmore strong-
ly on university-based entrepreneurship. For example the Innovation
and Entrepreneurship Initiative (IEI), founded in 2010 in co-operation
between MPP and the Higher Institute of Business and Labor Sciences,
launched Portugal's first venture competition, Building Global Innovators,
which is which provides a variety of education andmentoring offers and
also links Portugal to the Boston ecosystem.3

In terms of institutional change, MPP inhibits a middle ground. On
the one hand, it is certainly more institutionally invasive than CMI; on
the other hand, it does not engage in full-fledge institution-building,
as discussed below.4 Rather, MPP seeks to trigger cultural change from
within existing institutional structures, as exemplified by the introduc-
tion of distinctly different educational programs, a focus on inter-
institutional collaboration and critical mass formation, and the injection
of innovation activities. These interventions have created some notice-
able spillovers into the broader university landscape (Pfotenhauer
et al., 2013). MPP also fits well into a broader national trajectory
of reform, which since the late 90s has emphasized international
benchmarking and peer review, competition, and participation in inter-
national networks (Heitor and Horta, 2011). It furthermore resonates
with broader policy mandates to be proactive in “strategic higher edu-
cation planning,” build excellence, and better integrate universities
into the country's “economic, social and regional life” (OECD, 2007),
and is part of the national response to Europe-wide reform pressures
around innovation and graduate education (EC, 2000; EU, 1999;
Keeling, 2006). Notably, MPP was also seen as an explicit vehicle to at-
tract international students to Portugal5 – a problem that Cambridge
and the UK did not have – designed to help Portugal undertake a shift
from being traditionally a “sending” country of graduate students who
pursue studies abroad, to a “receiving country” that can attract high-
skilled students from around the world (Pfotenhauer et al., 2013).
4.3. The Masdar Institute of Science and Technology (MI)

To understand MIT's role in the creation of the Masdar Institute
(MI) – the first graduate-level research university in the United Arab
Emirates (UAE) – onemust begin by looking at themuch larger national
development project of which it is part: Masdar, also known as the Abu
Dhabi Future Energy Company. One of several high-profile science and
innovation initiatives currently underway on the Arab Peninsula
(KPMG, 2012), Masdar was launched in 2006 as the spearhead of Abu
Dhabi's transition strategy from a prosperous oil and gas-based econo-
my into a diversified, knowledge-based economy (Reiche, 2010). Abu
Dhabi's oil-fueled breakneck pace of development since the 1960s has
created an enormous per capita wealth; yet, it has also created consid-
erable economic, social, and environmental sustainability challenges.
The country is highly vulnerable to the boom-and-bust cycles of the
oil and gas market, produces one of the highest carbon footprints per
capita in the world, has an agricultural sector where most food is
imported – andwater desalinated– on a daily basis, and its labormarket
is utterly dependent on foreigners and foreign companies. In response
to these challenges, Masdar – Arabic for “source” – embodies Abu
Dhabi's vision for a future with smaller dependence on hydrocarbon
exports, an educated populace capable sustaining a modern economy,
and greater environmental responsibility, all of which the country
hopes to achieve through an “evolution as a leader in global energy —
3 Currently in its fourth edition, the first three edition of the competition attracted of
287 participants from 22 countries, raising a total of $17 M and leading to 19 companies
and 150+ new jobs.

4 In fact, attempts to institutionalize MPP in the form of a permanent national graduate
school have failed repeatedly in the past.

5 The ratio of international students inMPP has been consistently higher than one third,
which is about a factor of four higher than in comparable programs across the country
(Pfotenhauer et al., 2013).
from a provider of fossil fuels to a developer of alternative energy and
clean technologies” (MIST, 2011).

Masdar Institute sits at the heart of this vision. It is at once envisaged
to produce and accumulate cutting-edge scientific knowledge around
advanced energy and sustainability technologies, train local talent in en-
gineering, and spawn a local innovation economy. Masdar Institute is
surrounded by Masdar City, an urban development project intended to
serve as a test-bed for innovative technologies emanating from MI,
where they can be embedded in urban design and tested under the
real-world conditions of a desert city as a living laboratory. The city is
imagined as a place fully reliant on renewable energy sources, with a
low carbon and waste footprint, car-free, home to some 50,000 high-
skilled scientists, engineers, and entrepreneurs as well as hundreds of
firms specialized on energy and sustainability energy technology,
manufacturing, and investment (Hopwood, 2010;Nader, 2009).Masdar
Institute and City are complemented by Masdar Clean Energy, a major
developer of large-scale sustainable energy projects in the region and
an intended major customer of energy technology emanating from MI
(Masdar, 2012), andMasdar Capital, a globally active (through regionally
committed) venture fund focused on technology commercialization
primarily in clean technologies.

What existed in 2006, then, was an extremely ambitious vision for
Masdar as the key to the UAE's social, economic, and environmental fu-
ture. What did not exist, however, were any R&D infrastructure, scien-
tific or technological expertise, or human resource base to produce the
envisioned technologies, jumps-start a high-tech economy, and enable
the leap towards sustainable society. As an MIT faculty laconically
noted: “Masdar Institute was meant to solve that” (Pfotenhauer,
forthcoming).

The main objective of the MIT–Masdar partnership could thus be
best characterized as an institution-building model. Unlike CMI and
MPP, MIT did not have an existing institution to interact with in Abu
Dhabi, but was brought in to develop the first research university of
the country in the first place. This implied solving a number of start-
up challenges for the Masdar initiative: For example, how can world-
class faculty and students be recruited to a place lacking a physical pres-
ence and reputation? How can research activities be defined before fac-
ulty are hired? How can a novel institution without research operations
be linked to cutting-edge science around advanced energy and sustain-
ability? And what types of labs and equipment will this research need?

The MIT partnership was seen as instrumental in addressing these
challenges (ibid.). To begin with, MIT played a key role in developing
the original research and education portfolio. A group of senior MIT fac-
ulty under the leadership of the Technology & Development Program
outlined, and later concretely defined, MI's research agenda around
three broad themes: Water, Environment and Health; Future Energy
Systems; and Microsystems and Advanced Materials. The process in-
volved specificallyMIT faculty with expertise in energy and sustainabil-
ity research, many of which were gathered at the MIT Energy Initiative,
and incentivized them towork onMasdar-related issues by funding col-
laborative projects — faculty first through faculty-to-faculty collabora-
tions with newly hired MI faculty, and later on through group-to-
group flagship projects. Right from the start, Masdar thus had a strong
and credible research partner that helped jumpstart activities and tie
MI into existing knowledge networks.

Second, at the individual level, the MIT partnership was the key to
attracting faculty, students, and administrative leadership. All initial
faculty and administrative positions were advertised and filled under
the auspice of MIT, with MIT faculty reaching out to known potential
candidates from their own networks and screening applications. New
hires were offered the opportunity to spend their first year at MIT
while their laboratories were being set up at Masdar Institute. During
this visit, faculty could take advantage of a research grant to launch col-
laborative projects withMITmentors that could later be continued for a
second year at Masdar, thus stimulating strong research ties from the
start. Time at MIT also afforded a chance for junior faculty to audit
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classes develop teaching curricula, similar to MPP's “teach-the-
teachers” model. These opportunities were key factors, as MI faculty
attest, in their decision to join the young body of faculty, along with
attractive starting packages, generous salaries and benefits. Today, MI
has 91 faculty in about two dozen labs and research groups. MIT was
also key in recruiting students to the new institute: Aided by the MIT
brand and generous packages that included full tuition, a monthly
stipend, housing, computers, and airfares, MI's first cohort in 2009 in-
cluded 89 of 1200 applicants with an extremely competitive average
quantitative GRE score of 765. Today, 491 students from 66 countries
are studying atMasdar, including close to 50% females. Finally, MIT sup-
ported the recruitment of administrative leadership. Initially, several
key administrative positions were temporarily filled with senior MIT
faculty or other senior managers with previous ties to MIT, including
the Presidency, the Office of Institute Initiatives, or the Office of Spon-
sored Programs.

Third, MI's educational programs were developed by MIT faculty,
modeled closely after MIT's own course offerings in energy and
sustainability-related subjects. MI offers 9 Master's degree programs
and, as of 2013, also an interdisciplinary doctoral program, all designed
in collaboration with MIT. While all education tracks are “classical”
engineering degrees (e.g. Chemical Engineering, Computer and
Information Science,Mechanical Engineering,Water Environmental En-
gineering), all of them are customized around the theme of energy and
sustainability theme. For example, the learning goals of the Chemical
Engineering program include “an ability to identify and address current
and future chemical engineering problems related to energy sources,
generation, conversion and green chemical productionwithin a broader
framework of sustainable development,” and “an ability to apply a
multi-disciplinary approach to conceive, plan, design, and implement
solutions to chemical engineering problems in the field of energy and
sustainability.”

In terms of innovation, the partnership served the dual function of
building the “front-end” of an envisioned Masdar innovation pipeline
on the one hand, and attracting industry and R&D partners to Abu
Dhabi on the other. Again, the MIT brand was critical: By the time this
article goes to press, sponsored research partnerships and local research
operations now exist with Boeing, Honeywell UOP, Etihad, the Abu
Dhabi Company for Onshore Oil Operations (ADCO), and Siemens,
among others.

Institutionally, MIT helped guide and set up the physical and digital
infrastructure at MI, the Institute's governance structure (from by-laws
to administration to IP policy), and its operational routines. For exam-
ple, MI broke new ground in Abu Dhabi with certain infrastructural de-
velopments, including the first clean room in the country, and was also
the first to address research related operational challenges from supply
chain and customs issues for equipment and lab supplies, to high-tech
construction in the middle of the desert, to downstream regulatory
challenges such as hazardous waste treatment. In short, MI was Abu
Dhabi's first attempt at learning how to run a full-fledged university-
based research enterprise in the Emirate. This helped reveal broader
systems challenges, such as the absence of certain types of regulatory
frameworks or a national NSF-type funding body that would allow
researchers and institutions to compete for grants (as opposed to
governmental block-grant funding or industry-sponsored research).

4.4. Singapore–MIT

The history between MIT and Singapore spans an entire suite of
partnerships, with three major engagements since the late 1990s.
These partnerships tackle a range of different objectives, representative
of broader policy developments in the city-state, whichwe shall outline
in the following alongside the partnership mechanics.

The Singapore–MIT Alliance (SMA), first, was launched in 1999
mainly as an educational collaboration with the National University of
Singapore and Nanyang Technological University, and was renewed
and expanded in 2005. SMA offered graduate degrees in five areas
(cf. Table 1) through distance education methods centered on video
lectures, co-advising of students by faculty from both sides, studentmo-
bility periods to MIT, and a dual-degree option. SMA also supported
some research in focus areas aligned with these education programs.
Particularly with the second 5-year phase of the program (SMA-2),
the program began building up a stronger research component around
certain flagship projects. The second phase also increased the emphasis
on collaborative teaching and research, adding stronger residency
requirements for MIT faculty in Singapore. In terms of focus areas,
SMAwas originally largely centered on “classical” engineering domains,
including Advanced Materials for Micro- and Nano-Systems, Computa-
tional Engineering, Manufacturing Systems and Technology, Chemical
and Pharmaceutical Engineering, and Computation and Systems
Biology, with SMA-2 moving more heavily into the biosciences. SMA
thus reflects the country's long-standing tradition in education at a
timewhen the country was still mostly focused on classical engineering
and “efficiency infrastructure” (Tan and Phang, 2005).

The second initiative – the Singapore–MIT Alliance for Research and
Technology (SMART), launched in 2007 – put research front and center.
The first of an array of 10 internationally operated research centers in
the new Singapore Campus for Research Excellence and Technological
Enterprise (CREATE), SMART is focused primarily on hostingMIT faculty
and their research for extended periods of time, encouraging them to
work with local collaborators on research questions relevant to the
city-state. MIT faculty participating in SMART spend at least 1 year out
of a 5-year engagement (and 6 consecutive months) in Singapore in ex-
change for considerable resources (funding, laboratories, and students).
Where SMA research was originally focused on manufacturing and
computer science, three of SMART's five research thrusts are in the life
sciences— coinciding with a broader shift in research and development
priorities in Singapore (Chuan Poh, 2010) and marking Singapore's
changing self-image from “intelligent island to biopolis” (Clancey,
2012). SMART does not include education programs, but it offers post-
doctoral fellowships. It also draws heavily upon graduate students and
former research clusters from SMA.6 In addition, SMART established
its own Innovation Center, modeled after MIT's Deshpande Center,
which can be seen as a response to the self-diagnosis of weak national
performance in technology licensing, technology transfer, and techno-
logical entrepreneurship (Wong, 1999). The aggressive import of the
world's leading researchers also follows the government's insight that
not all talent and research can be home-grown in a state of the size of
Singapore.

A third partnership was launched in 2010, when Singapore and MIT
agreed to jointly establish the new Singapore University of Technology
and Design (SUTD). SUTD posed similar institution-building and
start-up challenges as Masdar, although arguably less crass given
Singapore's high level of technoscientific and infrastructural develop-
ment. Compared to the previous two programs, SUTDadded a dedicated
undergraduate education component to the portfolio with a strong em-
phasis on creativity and design thinking. SUTD reflects the growing be-
lief among Singapore's leadership that a key factor hampering the
transition “fromefficiency-driven growth to innovation-driven growth”
might be a lack of creativity (Remaking Singapore Committee, 2003;
Tan and Phang, 2005). SUTD is also unusual in that it operates outside
the existing, strong university system and, in effect, provides an explicit
counter-model to Singapore's large public universities with their preva-
lent technical education.

Over the course of the three partnerships, MIT–Singapore followed
what could be called a functional expansion model. Fundamentally,
the interactions cover the same four main activities as the three other
collaborations — education, research, innovation, and institution-
building. Yet, the striking difference is their addressing through
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successive, separate partnerships with limited functional overlap and
interaction between them: Master's level and doctoral education
through SMA; semi-institutionalized research and innovation through
SMART; and a full-fledged research university centered on undergradu-
ate education and design thinking in SUTD. In contrast, the other part-
nerships addressed the various objectives through comprehensive
collaborative arrangements. This gradual roll-out and functional expan-
sion is consistent with the technocratic and systemically integrated
policy style known from Singapore's long-term governing party, and
with previous examples of “favorable sequencing” (Huff, 1995).

The suite of MIT partnerships further resonates with two persistent
policy themes in Singapore: outward orientation and the import of
global “best practices.” From its 1965 independence, the nation aimed
to maintain its position as a critical gateway for trade in Southeast
Asia and to build an economic model around global commerce.
Singapore's rapid industrialization, spurred by foreign direct invest-
ment, ran into a glass ceiling in themid-1970s due to the limits imposed
by a lack of an indigenous science and technology base and low levels of
education. As a result, the government decided “to phase out its labor-
intensive industry and focus on skills-intensive, high–value-added,
technology-intensive industries such as electronics manufacturing,
data storage, and petrochemicals” (Chuan Poh, 2010). This next phase
of Singapore's progress – economic, technological, and in labor skills –
was again largely driven by multinational companies, not indigenous
firms as elsewhere in the region (Wong, 1995). Along the way,
Singapore began importing institutional models from around the globe.
Former president Lee Kuan Yew openly admitted the aggressive and
eclectic borrowing of success recipes from Hong Kong, Switzerland,
Israel, the US, among others (Yew, 1990), and Singapore's “technology
corridor” was inspired by Massachusetts' Route 128 (Ebner, 2004).
Singapore began attracting foreign academic institutions to open local
operations, including MIT, NYU, Yale, Duke, among others. Politically,
this positioning as a “global city”was seen as a matter of necessity for a
country with considerable space constraints, few natural resources, and
a self-image of a nation under permanent security threat (Choon, 2004).

4.5. A word on MIT's goals

The above case studies illustrate the socio-political context in which
the four partnerships were conceived and implemented, and the policy
goals governments pursued through them. Before continuing with our
architectural analysis, we shall briefly contrast with MIT's rationales
for engaging in these partnerships. In a nutshell, our interviews show
that MIT is primarily interested in these partnerships for four reasons.
First, by way of international collaboration, MIT researchers may obtain
privileged access to research sites and questions thatmay otherwise not
be easily available to them. For example, research on solar cell deploy-
ment or test-bed environments for integrated energy-transportation
systems are better suited to the sites in Abu Dhabi or the Portuguese
Table 2
Different partnership priorities with respect to four architectural views (educatio
change).
Dark red = high priority, medium red = medium priority, light red = low priority.

Education R

Cambridge MIT Institute (CMI)

MIT Portugal Program (MPP)

Masdar Institute of S&T (MIST)

Singapore–SMA

Singapore–SMART

Singapore–SUTD
Azores Islands, respectively, than Massachusetts. Second, participating
in a high-profile collaboration supported bynational or regional govern-
ment grantsMIT preferential access to some of the best students and re-
searchers of a country. Third, these large-scale collaborations frequently
have a quasi-experimental character. MIT faculty, in collaborationswith
their partners, is frequently encouraged to try out new and hybrid orga-
nizational forms or educational approaches that would be hard to im-
plement at MIT. For example, the SUTD undergraduate curriculum
was based on an MIT-internal review of its own curriculum, but was
never implemented at home. In fact, some of the MIT faculty engaged
in SUTD precisely because it offered an opportunity to implement new
ways of teaching engineering differently in a new institution. Fourth,
the partnerships allow MIT to raise additional research funds of sub-
stantial magnitude, ranging from tens to hundreds of millions over sev-
eral years. All four partnerships met these criteria from the perspective
of MIT participants and leadership. The authors found similar reasoning
about expected benefits for eminent research university engaging in
comparable partnerships, for example at Singapore's SMART center or
Portugal's other international engagements, to which we had access
through formal interviews or informal conversations. For reasons of
space constraints, we must abstain from a more in-depth discussion of
MIT's international strategy here.

5. Systems architecture analysis (the macro-view): models, goals,
priorities

The initiatives discussed above represent four distinct cases of
CISTIPs where complex international university partnerships have
been utilized by different countries to address distinct capacity-
building goals. The UK sought a mechanism to enhance the “rear end”
of the innovation pipeline at its leading university – Cambridge –
through add-on activities to spearhead a broader systemic transforma-
tion and strengthen economic competitiveness. Portugal sought to com-
bine the strength of its six leading universities in critical focus areas and
incentivize educational change around innovation and entrepreneur-
ship from within exiting institutions. Abu Dhabi sought to realize a na-
tional developmental vision by establishing the first graduate research
university of the country and hence the research and human resource
“front end” of a knowledge-based, low-carbon economy. Singapore
used different partnerships as targeted interventions to support evolv-
ing policy priorities, first emphasizing technical graduate education,
then the imported research expertise and innovation models, then cre-
ativity and design.

Comparative analysis further reveals that the different partnership
goalswere realized through distinctmacro-architectures thatmobilized
distinct activities. CMI embodied a bilateral “institute” model between
two universities of equal standing. As a result of a politically mandated
symmetry, the partnership focused primarily on collaborative faculty
research based on existing strengths at both institutions, and added
n, research, innovation & entrepreneurship, and institution-building/institutional

esearch
Innovation &

entrepreneurship
Institution–building/
Institutional Change



Fig. 1. Different collaboration models identified by systems architecture analysis.
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innovation activities like “knowledge integration communities” on top
of existing structures. CMI was institutionally only minimally invasive
and achieved limited educational change. Other universities in the UK
were expected to benefit through interactions with Cambridge, not in-
teractions with MIT directly. MPP, second, was based on a network
model that tied together multiple Portuguese institutions to form
nation-wide, critical-mass research and education consortia, targeting
both existing and new scientific domains. Its education programs
broke radically with existing Portuguese traditions and sought to
stimulate institutional change from within. Due to the structure of the
Portuguese economy, MPP emphasized entrepreneurship over large-
scale industry partnerships. Third, Masdar Institute was primarily an
institution-building partnership intended to develop the country's
human resource base and solve start-up challenges for a socioeconomic
transition. The partnership jump-started national research through
collaboration with MIT, and focused on recruitment of talent to the
country. MIT faculty developed blueprints for educational programs
Fig. 2. Levels of interaction (mobility) for capacity
and institutional routines, and shaped the Institute's research agenda,
and helped set the stage for a fledgling innovation ecosystem. MIT–
Singapore spans an entire suite of partnerships, which were rolled out
in a functional expansion model. SMA focused primarily on education
with associated research activities, while employing mostly virtual
infrastructures. SMART emphasized research by creating local labs for
MIT faculty and an InnovationCentre, encouraging local research collab-
oration from within that flexible institutional base. SMART did not in-
clude an education component. SUTD fills an important perceived gap
in the Singapore higher education system, focusing undergraduate edu-
cation and research on creativity and design thinking and breaking
largely with Singapore's education tradition. All three Singapore part-
nerships built off one another, if only to a limited extend.We summarize
the different priorities for partnership activities in Table 2. The different
macro-architectures are depicted in Fig. 1.

We observe that this accommodation of utterly different capacity-
building goals as well as socio-political and economic contexts speaks
-building through international partnerships.
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through conversations with stakeholders in other countries or at other institutions, and
even in other sectors (Wood andWeigel, 2014).

48 S.M. Pfotenhauer et al. / Technological Forecasting & Social Change 104 (2016) 38–56
to the flexibility of CISTIPs as a policy instrument. This flexibility is
underscored by the fact that all four partnerships have been realized
with the help of one and the same partner – MIT – yet through utterly
different architectures. We further note that the heterogeneity of our
case studies contradicts simplistic notions of “best practice transfer” or
an “MIT model,” which would assume that one pre-defined original
model exists and that the partner is a mere recipient rather than an
active agent in the construction of the initiative.

5.1. Developing a typology of partnership activities: views and classes

Our analysis reveals that despite the stark differences in goals,
macro-architectures, and context, all partnership activities can be sub-
sumed under four ‘architectural views’ that cut across all cases:
(1) education, (2) research, (3) innovation, (4) institution building/
institutional change (cf. section 2 for an elaboration on views). We con-
sider this an important finding that that such a small set of views can
gainfully employed to capture the broad range of CISTIPs activities in
universities and beyond. Regarding the education view, first, we find
that all four CISTIPs had substantial activities in terms of peoplemobility
(i.e. students, faculty and administrators traveling between the part-
ners) as well as educational recruitment (for faculty, students, adminis-
trators, or all of the above), inwhichMIT played a crucial role. Education
activities inmost cases further included the creation of degree programs
with the help of MIT, aswell as immersion programs atMIT. Frequently,
course syllabi were transferred and educational infrastructure being set
up. The partnership furthermore had an influence on organizational
practices regarding education, including course instruction, academic
calendars, and networks. In terms of research, second, all partnerships
equally focused on mobility and recruitment. The partnerships further
helped define – or were formed around – scientific priority areas of
the partner country; they funded research projects through various
means; and in some case facilitated the acquisition of equipment or
the construction of lab facilities. They also usually connected program
research activities to local or national partners in a variety of configura-
tions, for example in the CMI National Competitiveness Network or
SMART's local collaboration requirements. Third, innovation activities
in all partnerships included a mobility component whereby faculty or
program managers from MIT spent time at the partner institution in a
mentoring function and, in most cases, faculty and administrators
from the partner spent time atMIT with the goal of an immersive expe-
rience. Innovation was further facilitated through dedicated education
and support programs, as well as auxiliary activities such as networks,
workshops, or business-plan competitions. All partnerships further
grappled with questions of intellectual property in one way or another,
and in some cases adopted MIT's IP and tech-transfer models to local
institutions. Across the board, MIT practice and organization around
innovation and industry linkages were at the center of attention for all
partnerships, at times to the extent that partners sought to copy com-
plete institutional models (e.g. the Deshpande Center in SMART). Final-
ly, for institution-building, all MIT partnerships were used to develop
institutional strategies or reinforce existing ones in the partner country.
MIT faculty was frequently approached for governance roles or
participation in advisory bodies, and typically actively participated in
leadership recruitment. In some of the partnerships, the partnership
furthermore helped bring underway new national policies, such as the
stemcell frameworks in Portugal or human subject research procedures
in Abu Dhabi.

In addition to the transversal cut provided by ‘architectural views,’
we find that CISTIP activities can be productively grouped according
to their level of interaction. Again, we find four levels particularly
useful to capture all major actives: components related to people
(e.g., mobility, recruitment,), to programs/projects (e.g., educational pro-
grams, research projects), to objects (e.g., course curricula, IP policies),
and to organizations/processes (e.g., institutional models, hiring prac-
tices, evaluation systems). These four levels, or ‘classes of forms,’
provide a different cut through the case study material than the archi-
tectural views to systematize partnership activities and achieve
comparison between different partnerships (cf. Fig. 2). The classes of
forms help organize the form–function analysis into a manageable
framework and provide a typology to compare the diverse components
of each partnership. We can think about them as levels of interaction at
which one partner collaborates with, or provides a service for, the
other partner. Our classification of activities is consistent with Knight's
(2007) analysis of different “levels of mobility” in cross-border higher
education, which provides a typology of what crosses borders.

We conclude that despite their considerable differences in goals,
activities, context, and emergingmacro-architectures, a few basic archi-
tectural organizing principles can be found to guide the analysis and
design of CISTIPs. These include four architectural views (education, re-
search, innovation & entrepreneurship, institution-building) and levels
of interaction between the partners (people, programs/projects, objects,
organization/process).Wewill return to this typology in the subsequent
design section.
6. System architecture and design (the micro-view): designing
complex university partnerships

This final section is geared towards a design perspective on complex
international university partnerships (and CISTIPs more generally). It
is motivated by the empirical observation that, as of yet, CISTIPs remain
largely practitioner-driven: that is, they are initiated, designed, and
managed by governments and institutional leaders, oftenwith few con-
ceptual frameworks and methodological tools at hand. Our research
finds that CISTIPs design tends to follow political reasoning, opportuni-
ties, and constraints, and is informed primarily by individual experience
or knowledge about similar activities. It is typically not based a system-
atic overview of design options and an attempt to relate these options
to certain functions or objectives.7 For example, CMI from the start
embraced a model of “institutions of equal standing,” resulting in a bi-
lateral architecture with limited opportunity for institutional change,
the foreclosure of certain educational or institutional options, the as-
sembly of participants into this pre-determined framework, a hence a
pre-selection of research activities that could be accommodated
in Cambridge. It also included an undergraduate student exchange that,
although successful and highly visible, did not relate to the research pri-
orities or industrial linkages in any direct way. A (hypothetical) alterna-
tive scenario could have been to start with pre-existing faculty ties
between MIT and the UK and tailor an institutional framework around
it; to customize student mobility around research priorities; and to
focus more overtly on mechanisms that support the very institutional
change that the government was hoping for. Similar arguments
could be made for the other partnerships. We thus argue that it is possi-
ble for CISTIPs to bringmore value to stakeholders when based on a con-
scious analysis and design process to select forms (i.e. people, programs/
projects, objects, and processes/organizations) and functions that fit
their objectives and contextual constraints.

Second and related, without exception, all partnerships underwent
at least one major restructuring or adjustment, which usually involved
abandonment of certain mechanisms and the introduction of new
ones, and frequently leadership change. For example, in CMI, the
broad funding of smaller research projects across various domains
early in the partnership was later replaced by calls for larger, more
comprehensive flagship projects. Similarly, MPP moved from a closed
(internal) call process to an open (Portugal-wide) call for proposals in
year three, and increased the length of stay for visiting students at
MIT. From a policy perspective, it thus is desirable to obtain a holistic



Table 3
a–d. Partnership micro-architectures in comparison, disaggregated by architectural view (education, research, innovation & entrepreneurship, institution-building) and
level of interaction (people, programs/projects, objects, organization/process).
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overview of architectural options and their properties early on in the de-
sign process, and anticipate possible course corrections.

Third, we observe that the partnership design process tends to be
form-driven, as opposed to function-driven, likely owed to the fact
that policy-makers architect “with examples in mind” (along the lines
of an availability heuristic (Tversky and Kahneman, 1973). For example,
key stakeholders might suggest to include a student exchange (a most
common cross-border mechanism in higher education) without neces-
sarily specifying what the intended outcome of that exchange is in rela-
tion to capacity-building, or assessing whether that outcome could be
achieved through a different, structurally more apposite mechanism.
Excessive focus on form, however, may lead to early lock-ins on certain
architectures (Crawley et al., 2015) and to outcomes that do not meet
stakeholders' implicit objectives.

Toprovide policy-makers and institutional leaderswith amore com-
plete picture of available design options, we now reverse the direction
of the systems architecture analysis. Instead of asking which forms
have been used (in the MIT partnerships), we use the findings of our
analysis to inductively ask which forms can be used to architect these
partnerships. To begin with, we coded the activities of all partnerships,
using the 4 × 4 typology of architectural views and classes or levels of
form as a guiding framework (Table 3a–d). The tables summarize, in
comparative perspective, the various design choices that the four MIT
partnerships have made at different levels of interaction, with separate
charts for the four architectural views (education, research, innovation
& entrepreneurship, and institution-building). The table needs to be
read from the left to the right, almost like a decision tree. For example,
starting in the top left corner, three different types of “people”mobility
were used across the partnerships for “education” purposes: student,
faculty, and administrator mobility. For each of them, one may further
distinguish whether people from one partner spent time at the partner
institution or vice versa. Moreover, mobility periods can be short,
medium, or long-term. Sticking to the top left corner of Table 3a
for the time being, we see that CMI employed, for example, long-term
student mobility periods for both MIT and Cambridge students — the
aforementioned undergraduate exchange.

Table 3a-d reveal that the characteristic architectural differences
between the partnerships become easily discernable when looking at
the color-coded matrix from a distance. For example, Masdar Institute
fills almost the entire institution-building column, underscoring the
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institution-building character of this partnership. Likewise, the
Singapore columns highlight how different successive partnerships
fulfilled different – and often complementary – roles.

Based on this pool of architectural choices, we now aggregate
Table 3a-d into a basic design matrix (Table 4) that summarizes what
we consider the most relevant design decisions for constructing a part-
nership of the CISTIP type. Again, the table needs to be read from the left
to the right. For example, a government or institution could use the de-
signmatrix to consider whether theywould like to use studentmobility
as a mechanism, and if so, whether primarily for research or education
purposes (or both). Likewise, two cells below, educational programs
can be set up through the partnership at four different levels: Bachelor,
Masters, PhD, and certificate programs. Similarly, the design matrix al-
lows us to consider holistically whether a certain education program
should be linked to, say, industrial immersion experience or a certain
research cluster. In this condensed form, Table 4 represents a minimal
set of design options thatwe foundpertinent to understanding and con-
structing CISTIPs, and that we believe policy-makers should consider
when contemplating future partnerships. Note that the design matrix
once more overlays the four architectural views (education, research,
innovation & entrepreneurship, institution-building) with the four
different levels of activity we identified (people, programs/projects,
objects, organization/processes).

A few additional remarks are worth making. First, we wish to stress
the inductive character of our findings. While we have wielded ‘archi-
tectural views’ and ‘levels of interaction’ as a-priori analytic categories
in this paper, they have in reality been derived inductively from an em-
pirically grounded, bottom-up analysis of observed partnership activi-
ties. We chose the more deductive style of presentation in this paper
for reasons of analytic clarity. A major finding of the broad research ef-
fort on CISTIPs in the university sector, the satellite sector and other sec-
tors is that architectural views and levels of interaction are consistently
emerging as unifying frameworks from the analysis of CISTIPs that are
otherwise quite different in their implementation.

Second, Tables 3a–d and 4 present primarily a form-driven architec-
tural analysis. They do not explicitly map which function stakeholders
(or program architects) associate with specific components for each
MIT partnerships. Such a mapping would certainly be possible, an
expected explosion of complexity in presentation notwithstanding –
bearing in mind, however, that different stakeholder might disagree
on the purpose of certain components. Here, we limited ourselves
to outlining and systematizing form-based design options that policy-
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makers and institutional leaders can draw upon to implement desired
functionalities and pursue program objectives. In other work, our re-
search team finds it helpful to perform a function-driven analysis that
identifies the decisions stakeholders make to assign functions to forms.

Third, all four partnerships address multiple scientific focus areas at
the same time. While the selection of “scientific focus areas” has been
included in Tables 3a-d and 4 under the “research” view at the level of
“programs/projects,” the choice of focus areas has actuallymuch greater
implications that affect all other partnership components. Scientific
focus areas may differ considerably in terms of educational approaches,
research infrastructure needs, ramp-up time, or lab-to-market time for
research findings. Consider, for example, the vastly different needs of
IT research vs. wet-lab biology vs. nuclear engineering. Focus areas
may also vary greatly in terms of pre-existing capacity in the partner
country. For example, MPP was leveraged both to both build on existing
strengths (e.g., in transportation research) and jumpstart new fields
(e.g., stem cell research). For partnership architects, it might be more
appropriate to consider each scientific focus area individually through
a separate design matrix, thus treating “focus areas” as a de facto
third, orthogonal dimension to “views” and “levels of interaction.”

Finally, our architecture analysis provides a first step towards think-
ing about CISTIPs in terms of archetypes— that is, basic architectural pat-
terns into which more complex architectures can be broken down. In
the systems architecture literature, archetypes are frequently derived
from a large number of cases using sorting algorithms. While the num-
ber of cases assessed in the paper is small (i.e. four), we may still
hypothesize that certain archetypical patterns will be found across a
wider range of partnerships. We expect that our macro-architectures
provide clues forwhere archetypesmight emerge, e.g., along suchdivid-
ing lines as bilateral vs. multilateral components; institution-building
activities vs. activities geared at institutional change; or functionally
integrated vs. functionally separated components. More research
is needed to develop a systematic account of CISTIP archetypes in the
university sector and other sectors.
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7. Conclusion

This paper discussed complex international capacity-building part-
nerships as a novel policy instrument that sits in the intersection of
three broad trends in innovation policy— growing attention to univer-
sities, growing emphasis on international links and collaboration, and
growing complexity of policy strategies. Based on four case studies of
national “flagship” partnerships, we demonstrated how the United
Kingdom, Portugal, Abu Dhabi, and Singapore each used this policy
instrument in fundamentally different ways and for very different
capacity-building goals when partneringwithMIT. Yet, we demonstrat-
ed that these partnerships are based on a common core of organizing
principles that cut across goals and architectures, which can be produc-
tively captured by architectural views (education, research, innovation &
entrepreneurship, institution-building) and levels of interaction be-
tween the partners (people, programs/projects, objects, organization/
process). Based on architectural analysis, we developed a designmatrix
supplemented by a pool of concrete design options derived from our
cases that can help guide the development of complex partnerships in
the future.We believe that this designmatrix in particularwill be useful
for governments and institutional leaders around the world seeking to
deploy this policy instrument in a targeted, effective manner.

Our analysis speaks to a number of broader issues in science and in-
novation policy. First, our cases illustrate the countries as diverse as the
UK, Portugal, Abu Dhabi, and Singapore all saw value in sponsoring a
foreign institution as part of a national capacity-building effort in sci-
ence and innovation. This stands inmarked contrast to the vastmajority
of public research funding patterns found around the globe, which re-
mains a primarily national endeavor. This suggests that a potentially
greater role for eminent global research universities in international
development beyond mere branch campuses and participation in
“brain circulation.” The four partnerships in our study embody a new
hybrid model of cross-boarder interaction, combining elements of a clas-
sical two-way partnership (e.g. exchanges or research collaboration)
with consultancy-type services (e.g. advise on organizational models,
recruitment assistance, access to existing research networks, or the
transfer of objects). In this sense, an explicit fourth institutional mission
besides education, research, and regional innovation is conceivable
for research universities: to act as catalysts for regional or national de-
velopment elsewhere byoffering services to governments and university
systems abroad.

Second, our architecture framework fits well within the recent push
for systemic instruments in innovation policy (Smits and Kuhlmann,
2004). It resonates with the “functional” approach to innovation sys-
tems analysis taken by some scholars in recent years (Hekkert et al.,
2007), even though our focus here has been on capacity-building at
the institutional level. We demonstrated that complex international
university partnerships can simultaneously address multiple policy
domains – including education, research, innovation, and institution-
building – and act on different levels – people, programs/projects, ob-
jects, and organization/processes –which underscores the potential for
systemic intervention of CISTIPs. Moreover, our use of systems architec-
ture for design leads the way to a wider and more targeted application
of systemic policy instruments in the future.

Future research should principally focus on four directions. First,
from the perspective of interpretive policy analysis, it is important to ex-
plore in greater depth the influence of the unique social, political, and
economic history of each country on the genesis and implementation
of each partnerships, and with it the impact of different underlying po-
litical cultures. Here, approaches from Science and Technology Studies
will likely be of great value. For example, in their work on sociotechnical
imaginaries, Jasanoff and Kim (2009) investigate the “collectively imag-
ined forms of social life and social order centering on the development
and fulfillment of national scientific and/or technological projects.”
Sociotechnical imaginaries have been successfully employed to the
study of large-scale national science and technology initiatives as key
sites of contemporary state-making and societal reconfigurations, illus-
trating how the social practices surrounding seemingly identical tech-
nologies (such as nuclear power) differ vastly in their social practice
across countries. The same argument could be made for the implemen-
tation of innovation initiatives according to “MIT practice.” Imaginaries
may thus help us explain why some architectures are feasible only in
certain socio-political contexts, while other architectures are inhibited,
and how idiosyncratic features of national identity and societal experi-
ences enter into what on the surface looks like the same policy
instrument.

Second, as mentioned above, the university partnerships discussed
here share some structural characteristicswith other forms of collabora-
tive technological capacity-building, notably around space and nuclear
technology (Wood and Weigel, 2010, 2011). Future research should
attempt a rigorous comparison between an established sector of large-
scale capacity-building partnerships and a new one, and identify perti-
nent similarities and differences between them.

Third, to better support policy-makers, the present analysis should
be complemented by an in-depth discussion of governance questions
surrounding the conception, design, negotiation, implementation, and
operation of these partnerships — all of which come with their own
set of challenges. We suggest that given the multi-year, cyclical charac-
ter of these large-scale initiatives, a life-cycle approach might be well-
suited to discuss these various governance stages and their respective
needs. Such an approach models the decisions made at each stage of a
CISTIP and allows comparisons across CISTIP according to the features
of each life-cycle stage.

Fourth, asmentioned at the outset, the purpose of this paper was not
to provide an evaluation of the “success” of these four partnerships.
Most part these partnerships are still ongoing and their full impact
will not be visible for at least another few years. Nonetheless, evaluation
is of course important, particularly for national “flagship” initiatives like
the ones discussed here. Our analysis has highlighted the considerable
differences between the four CISTIPs in terms of policy rationales, objec-
tives, strategy, socioeconomic and institutional context, and resulting
architectures. Hence, it would be unreasonable to expect that a single
measure of “success” can be meaningfully applied across the cases.
Our system architecture analysis provides a potential way forward for
assessing CISTIPs ‘on their own terms:’ the observed differences in ar-
chitecture are precisely the result of differences in stakeholder goals
and thus speak directly to questions of evaluation. Future research
should aim to explore such custom-tailored evaluation regimes cogni-
zant of differences in system architecture, and if necessary contrast
them with existing evaluation procedures implemented by program
sponsors and governments.
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