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Abstract

Public services are delivered through complex bureaucratic systems. Recent research in
economics and political science on bureaucratic performance and public service delivery
typically seeks to abstract from these complexities to identify specific causal relationships, but
this narrow focus risks ignoring the complementarities and contingencies that mediate these
relationships in practice. How can research on government bureaucracies take account of their
systematic characteristics while preserving methodological rigor and theoretical precision?
This background paper reviews the development of systems approaches in the health,
education, and infrastructure sectors. We survey: the definition and scope of systems
approaches; theoretical frameworks; empirical methods and applications; and linkages to
policy. While the scope of systems approaches is common across sectors, as is the close linkage
to policy, there are notable differences in the direction and extent of theoretical development
and empirical application. These differences suggest opportunities for cross-sectoral and cross-
disciplinary learning. We conclude by discussing the potential for a systems approach to
research in public management and public finance.

This paper was prepared as background for the workshop “Systems of Public Service Delivery
in Developing Countries” on 14-15 May, 2018, at the Blavatnik School of Government,
University of Oxford. Funding from the Bill and Melinda Gates Foundation is gratefully
acknowledged. The authors are responsible for all omissions and errors.



1. Introduction

In recent years, the idea of taking a systems approach to understanding public service delivery
has gained currency with academics and policymakers alike. One motivation for this has been
the increasing awareness not only of the importance of policy implementation and bureaucratic
performance, but also their complexity and unpredictability (Pritchett 2015, Hawe 2015).
Similarly, as rigorous impact evaluations of public policies and service delivery have
proliferated in recent years, so too have questions about whether policies that have been
successful in one context or at small scale can be successfully transported to other contexts or
scaled up (Pritchett and Sandefur 2015, Bold et al/ 2016, Bates and Glennerster 2017). This has
been matched by a programmatic concern about the limited effectiveness of standard
programmatic strategies like providing additional inputs or narrow interventions aimed (for
example) at particular diseases or pedagogical tools, and by an increasing appreciation of
connections and interdependencies among the social, economic, political, environmental, and
bureaucratic determinants of public service outcomes (Travis ef al 2004, De Savingy and Adam
2009).

This paper reviews the development and current state of systems approaches to public service
delivery, which have been shaped by these questions and concerns. Our survey encompasses
the three sectors in which systems approaches have become most prevalent: health, education,
and infrastructure. To date, the development of systems approaches has taken place within
these separate sectors mainly in isolation, with education and health as a partial exception
(Hanson 2015). While there have been numerous sector-level survey papers on systems
approaches', our contribution is to compare and contrast the development and state of systems
approaches across these three sectors. In addition to identifying opportunities for cross-sectoral
‘arbitrage’ and learning, these insights present useful lessons for the development of systems
approaches in sub-fields such as public management and public finance where such approaches
are not yet common but may be especially useful.

Among studies that self-identify as focusing on systems, an important distinction is between
studies that are system-focused in substance (due to their scale or topic) and those that are
system-focused in approach (due to their emphasis on issues of context, complementarity, and
contingency as determinants of actions and outcomes). This review focuses on the latter
category. While this category is itself exceptionally diverse in theory and method, studies in it
have in common a skepticism about the epistemological or practical usefulness of trying to
‘hold all else constant’ and treating units of analysis as independent and acontextual in order
to understand the effectiveness of particular government policies or processes. ‘Taking a
systems approach’ is thus more akin to a frame of mind that weights the importance of
understanding interdependence and contingency relatively more heavily than obtaining
narrowly identified causal estimates, compared to prevailing approaches to evidence-informed
policymaking. It is an approach which employs a set of analytical tools with the aim to

! See for example Gilson (2012) and Carey et al (2015) for health, Pritchett (2015) for
education, and Saidi et al (2018) for infrastructure.



understand how complex systems function, with a focus on understanding the dynamic
relationships between system components, and an emphasis on studying the system as a
‘whole’ instead of individual components (De Savingy and Adam 2009, Hawe et al 2004). The
goal of system approaches, therefore, is to encourage a more holistic approach to programme
design which takes account of various interdependencies and contingencies, a careful
evaluation of policies which aim to understand what works, for whom, and why, and a broader
scope for forming research hypotheses.

There are a number of commonalities in how systems approaches are operationalized across
the three sectors reviewed. Systems research tends to be much more question- or problem-
driven than other research within the same sectors, and is frequently closely linked to
government in its conception and execution. All three sectors have been self-conscious in
attempting to create overarching conceptual frameworks to understand the systemic nature of
the sector, and in each sector this has been accompanied to an extent by confusion about
whether such frameworks should be descriptive (focused on categorizing or organizing
research questions) or analytical (focused on specifying mechanisms and particular
relationships). All three sectors draw on complexity theory and systems thinking to inform the
scope of research, to varying extents. While work in each sector has made some progress on
the issues that motivated taking a systems approach (probably more so in infrastructure), there
is nevertheless the sense that conceptual and practical challenges have meant that this progress
has fallen well short of stated goals (Carey et a/ 2015). However, each sector has evolved
unique and promising research approaches building on longer-term collaborations with
governments to create and synthesize outputs beyond the time horizon or scope of individual
research outputs.

There are also a number of differences across sectors. Systems approaches are significantly
more developed and widespread in health and infrastructure than in education, with dedicated
journals and sub-fields. Whereas health systems has developed as a highly interdisciplinary
field, education systems has in practice been more grounded in economics, and infrastructure
more in geography and engineering. Relatedly, health systems is methodologically very diverse
and has made more progress towards integrating quantitative and qualitative methods, whereas
education and infrastructure have so far been dominated by quantitative studies. The theoretical
and methodological responses to the challenges of interdependence and contingency have also
varied accordingly, although in this respect there is as much diversity within sectors as across
them. Each sector has addressed different types of policy questions. While health has focused
largely on impacts of decentralization and health financing, infrastructure has focused more on
questions such as how to prioritize infrastructure investments, capacity considerations or
environmental concerns, and education has focused on conducting system-wide diagnostics to
set the foundation of meaningful systems work. In general, given the nature of the research is
policy-focused, the direction of research is often determined by national priorities, multi-lateral
organizations or availability of data.

The remainder of this review proceeds as follows. Section 2 surveys the motivation, definition,
and scope of systems approaches, Section 3 discusses theoretical frameworks, and Section 4



reviews empirical methodologies and applications. Each section is sub-divided into health,
education, and infrastructure. Section 5 then discusses linkages to policy and research funding
models, and Section 6 concludes with a brief discussion of this review’s implications for the
potential for systems approaches in the field of public management and public finance.

2. Motivation, definition, and scope of systems approaches

Health, education and infrastructure are three very distinct sectors but the motivation,
definition, and scope of systems research in these sectors highlights several important
commonalities which lend clarity to the understanding of systems research and how it is
operationalized across different sectors.

The detailed review of each sector in the sub-sections below highlights that across all sectors,
several common factors determine the scope and definition of systems research. First, the focus
on interdependencies within the system and the overall problem-driven and policy-focused
nature of the field. Second, borrowing certain ideas from complexity theory and systems
thinking such as how systems include agents that are indirectly related to each other and
generate non-linear feedback loops, create emergent properties that would not have existed if
the agents had not interacted, and demonstrate path dependence such that decisions in the
present are also a function of decisions taken in the past (McDaniel et al 2009, De Savingy and
Adam 2009).The sub-sections below illustrate these common themes.

2.1 Health: motivation, definition and scope

Health systems research developed as a field for over more than decade ago as a way to
understand complexities, interrelationships, and structural constraints within a health system.
The importance of health systems and the need to understand the system as a whole in a more
nuanced way was established through the following. Firstly, major health epidemics and the
growing threat of other microbial diseases underscored the need for coordinated action across
individual health system components such as policy-actors, health service providers/recipients,
and various social, cultural, economic and political realities for a truly meaningful and effective
response. In addition, the sluggish progress of key health indicators around the world brought
the effectiveness of narrowly designed interventions into question and a simultaneous focus on
structural weaknesses within health systems (WHO Framework for Action 2007). Such
insights highlighted that addressing key gaps in health systems was necessary to achieve the
health MDGs in low and middle income countries (Travis et al 2004, WHO framework for
Action 2007). This created a push towards systems approaches in health to understand health
systems better.

The Alliance for Health Policy and System Research (AHPSR), a health systems research
forum initiated by the World Health Organization (WHO) in collaboration with the Global
Forum for Health, defines health systems research (HSR) as the “production of knowledge and



applications to improve how societies organize themselves to achieve health goals”.> This
definition implies a focus on how the ‘whole’ system functions instead of a narrow focus on
any single aspect of its individual components (Hanson 2015).

Three key features summarize the scope of research in this field. First, health systems research
has a specific focus on real world issues. It aims to address questions which are practically
faced by countries within the health sector. Second, it is multidisciplinary. This is closely
linked to the first point. Real world issues about health systems could be of the ‘why’, ‘what’
and/or ‘how’ nature. Hence the disciplinary or methodological grounding of research is
determined by the question of interest. Third, the research is applied with a unique focus on
policy with the goal to influence policy. This implies that research with respect to how policy
is made and implemented is a key area of research for the field (Mills 2012, Gilson 2012).

The type of research questions which the field addresses follows naturally from the scope of
research. The example of research on decentralization illustrates this clearly. The field has
explored several questions on this real-world topic through multiple angles and disciplinary
frameworks. This includes questions such as how the intervention functions through drawing
on economic theoretical frameworks such as the principle-agent model, what the impact of the
intervention is through analyzing quantitative data on expenditure and utilization rates, and
qualitative case-study approaches to acquire deeper insights into the process of its
implementation (see for example, Bossert 1998, Bossert et al/ 2003, Tsofa et al 2017). In
general, relevant research in the field looks at system-level interventions which focus on a
specific sub-system (such as health workers) but have system-wide effects, types of
interventions which aim to create a change across all system components such as new
accountability mechanisms, questions which explore interdependencies in system components
to understand how to implement reforms better, and questions which explore how the entire
system or a sub-system is organized. We discuss such applications in more detail in Sections 3
and 4.

In contrast to existing research approaches in the health sector, a key point of departure is the
reliance on complexity theory and systems thinking and conceptualizing health systems as
‘complex adaptive systems’ which demonstrate system/complex properties. This interest in
complexity theory and systems science has generated research where entire systems or sub-
systems of health are modeled through quantitative methods to identify entry points for change
or to improve decision-making by identifying unexpected effects and feedback loops (Carey et

> AHPSR comprises of health practitioners and academics from around the world, has taken
instrumental steps in defining the scope, boundaries and agenda of the field through several
publications.

’ The Alliance included the word ‘policy’ in what is commonly known as health systems
research and renamed it to ‘Health Policy and Systems Research (HPSR)’ to capture two key
facets of the field which do not clearly come through in the definition — first to highlight the
importance of social and political realities within a health system and second, to recognize the
applied, policy, and question-driven nature of the field.



al 2015, Maglio et al 2011). It has also produced a series of review papers which discuss how
to tackle theory and causality of interventions in complex systems (Hawe 2015, Hawe 2004,
Pawson and Tilley 2007). We revisit such applications of complexity theory and systems
science in more detail in Sections 3 and 4.

2.2 Education: motivation, definition, and scope

Education systems research has recently emerged as a field from the growing recognition that
massive investments in various inputs such as textbooks, hiring of new teachers, and increased
salaries have not had the effects that governments and researchers hoped for (Glewwe and
Muralidharan 2015, WDR 2017). For example, Indonesia doubled teacher wages incurring an
expenditure of nearly 4.5 billion USD which produced near-zero impact (De Ree et al 2015).
Similarly research from India and Africa shows that reduction in class-sizes does not always
produce the desired impact if other systemic features such as teachers, incentive structures, and
curriculum do not change (Pritchett 2015). Learning remains starkly low - according to the
2014 UNESCO Global Monitoring Report, 250 million children are unable to read, write, or
do basic mathematics, and 130 million of those children are in school. This has led researchers
and practitioners to argue that the global ‘learning crisis’ requires addressing system
weaknesses and making the whole education system within a country coherent with learning
(Pritchett 2015, WDR 2018). This puts a greater weight on understanding the
interdependencies between various components such as education system’s policies and
institutions for governance, accountability, information, financing rules, and school
management (World Bank 2014, WDR 2018).

Since education systems research is still in its infancy, clear definitions and boundaries of the
field are yet to be determined. A few global institutions are making strides towards
understanding education systems better and defining critical research gaps and opportunities,
which may clarify definitions. For example, Research on Improving Systems of Education
(RISE), initiated in 2015, aims to conduct empirically and theoretically well founded research
to develop analytical frameworks for understanding education systems and identifying
underlying features which can lead to system reform and/or failure. Systems Approach for
Better Education Results (SABER) is a World Bank initiative which was launched in 2011 and
collects data on system capacities and gaps through a range of survey tools designed for each
education sub-system. Another example is the General Education Quality Analysis/Diagnosis
Framework (GEQAF) - a UNESCO led effort which aims to improve systemic constraints to
achieving educational gains. Through a comprehensive tool kit of 15 different survey tools, it
collects diagnostic data on how different components of the education system function.

The scope of research in education has close parallels with health and is defined by the
following key features. First, it aims to be ‘question-driven” which employs various disciplines
as per the need of the question. For example, systems research in education could explore
questions ranging from the impact of a national teacher training intervention through economic
quantitative techniques to questions about how power and accountability structures are formed
between school heads and the community through ethnographic accounts. Second, the
questions focus on real-world issues which either pertain to the system as a whole or a specific



sub-component. For example, while questions about teacher recruitment or training policy
would be relevant for the teaching system sub-component, questions about a specific teacher
training programme in 10 selected villages by a specific NGO would not be relevant as they
would not have any implications for the teaching system or the education system as a whole.
Third, systems research in education aim to explore questions which relate to learning gains.
Fourth, it studies reforms which have the potential for scale and fit the context of the specific
region (Pritchett 2015b, Hanson 2015).

2.3 Infrastructure: motivation, definition, and scope

Systems research in infrastructure is conducted with the primary aim to understand and manage
complex interactions within and between various infrastructure sectors. Such research in
infrastructure can be clearly demarcated into two categories where each has its own motivation
and objective: 1) sector-specific system analyses which allows thinking systemically within
sectors, and 2) systems-of-systems analyses where research is conducted across various
infrastructure sectors to explore infrastructure risk, and conduct resilience and long-term
systems-of-systems analyses. While the former is relatively well-established, the field of
system-of-systems analyses is still relatively immature (Hall ef a/ 2016).

Sector-specific system analyses are motivated by the idea that efficiencies and synergies can
be accrued over the life-cycle of individual infrastructure components by understanding
feedbacks and managing their demand. More broadly, these benefits are achieved through
enabling policy decision-makers in assessing system-wide efficiencies of capital investments,
operational budget allocations, and through meeting sustainability goals (Saidi et a/ 2018). A
systems-of-systems approach (i.e an integrated systems approach across infrastructure sectors)
takes account of the cross-sectorial interdependencies between infrastructure sectors and is
motivated by two key challenges that infrastructure systems face. First, the need for adequate
planning for future operation, capacity and environmental performance of infrastructure
systems in light of future socio-economic changes such as through population changes, per-
capita infrastructure demands and economic growth. Second, being able to ensure resilient
operation of infrastructure services in the face of increasing climate and socio-economic risks.
These challenges are exacerbated by the fact that infrastructure networks have become
increasingly interdependent, providing potentials for knock-on effects causing major economic
and societal disruptions. For example, a power failure in a major electricity exchange can result
in the temporary loss of broadband service for hundred thousand of households and businesses
(BBC 2011). Hence, systems-of-systems approaches for short-term risk analysis aim to reduce
the risk of cascading infrastructure failures, allow for more effective responses, and improved
coordination (Dudenhoeffer et a/ 2006 in Saidi et al 2018). For long-term planning, systems-
of-systems approaches help national decision-makers take a holistic view and explore strategic
infrastructure investments across sectors for effective functioning of the entire infrastructure
system.

An infrastructure system can be defined in several ways depending on the type of infrastructure
or the scope of research analysis. This has a direct bearing on how infrastructure systems



research is defined and understood. While generally infrastructure systems are defined as
‘interdependent physical and socio-economic systems that facilitate the distribution of essential
services and build the foundation of economic prosperity and human well-being’ (Bissell,
2010), another approach to define infrastructure systems is through the types of assets within
the system which can include energy, transport, water, waste, information and communications
technology (ICT), and social infrastructures (hospitals, schools, etc.), financial services and the
built environment (Cabinet Office, 2010). Analysis of infrastructure at a system level requires
integration of various components — such as across different scales (e.g. urban, rural, or
regional), across eco-systems (e.g. social, urban, land, water and climate), and between
different structures or sectors (e.g. social, physical, health, economic and political). In view of
this, systems-of-systems infrastructure analyses typically define infrastructure not as physical
assets, but as the services they are intended to provide. For example, heating services may be
provided by the heat network, gas or electricity (Saidi ef al 2018, Hall et al 2016). Following
this, Hall et al (2016) develop a definition of infrastructure systems as ‘the collection and
interconnection of all physical facilities and human systems that are operated in a coordinated
way to provide a particular infrastructure service.”

Similar to the health sector, the scope of systems research is characterised by the following.
First, a real-world focus, where approaches and methodologies for systems assessments of
infrastructure are direct real-world problems of planning, designing, and operating
infrastructure. Second, it tends to be multi-disciplinary. While the bulk of analysis in the field
includes quantitative modelling, it often combines qualitative approaches such as simulation
modelling with decision science, policy and governance research, and adaptive pathways.
Third, it focuses on directly impacting policy. For example, a number of infrastructure
assessment methodologies inherently include adaptive pathways and policy recommendations.
In terms of the areas of focus for research, infrastructure systems approaches are used to
understand current infrastructure performance (for example, whether different infrastructure
sectors currently meet demand, environmental standards, resilience criteria), predict future
infrastructure needs, and to understand the impact of a newly built infrastructure asset on the
entire system.

3. Theoretical frameworks

How should one conceptualize a system of public service delivery? The literature has produced
a multiplicity of theoretical frameworks across sectors. This includes frameworks which model
a system in terms of a) the functions it performs; b) its main stakeholders; c) interrelationships
or flows of information, accountability, or resources among sub-systems; or d) the levels at
which various stakeholders operate.” Such frameworks have offered much needed theory,

* In addition to purpose-built theoretical frameworks, theory in systems research can often
include existing theories from economics, decision science, or sociology (to name a few) to
explore a specific system-level hypothesis regarding a component within the larger system.
This review focuses primarily on theoretical frameworks designed specifically for systems
applications and does not review the use of theoretical tools ‘borrowed’ from other disciplines.



clarity, and structure to understand how systems are organized and their various components
interact and a foundation for developing hypotheses.

Across sectors, an overarching distinction between different types of theoretical frameworks is
whether they pertain to a whole system or to a specific sub-system within the larger system.
The infrastructure systems literature clearly identifies this distinction referring to a framework
as either a ‘sub-system’ or a ‘systems-of-systems’ framework and this distinction also exists in
the health systems literature, but is less evident in education.

In addition to this distinction, the wide range of theoretical frameworks across health, education
and infrastructure can be categorized according to two key defining features. First, whether the
objective of the framework is descriptive or analytical. Purely descriptive frameworks which
simply outline various system components are often policy documents which aim to categorize
or define actors, but not specify particular mechanisms and relationships. On the other hand,
analytical frameworks that specify system components along with their relationships and
mechanisms more precisely, such as Thacker et al/ (2017), are developed to make clear
predictions about system performance. The latter are more akin to the use of models in
academic literature. Second, frameworks differ in the extent to which they specify the form or
type of relationships within a system. For example, Pritchett (2015) specifies interrelationships
in his education system framework very specifically as accountability links. On the other hand,
Frenk (1994) identifies general interrelationships between patients, providers, the environment,
and the state without using specific theory to define what exactly flows between these actors.
Figure 3.1 below shows an example of three theoretical frameworks from Health, Education
and Infrastructure and where they lie on the ‘objective of framework’ and ‘form of relationship’
spectrum.

A final commonality is that health and infrastructure systems research often explicitly draw on
complexity/systems theory in conceptualizing interdependencies in their theoretical
frameworks. Such frameworks generally incorporate concepts of self-organization, feedback
loops and emergent behaviour from systems theory into their frameworks (Homer and Hirsch
2006, Seadon 2010). We discuss such frameworks in more detail below.

Figure 3.1: Classifying Theoretical Frameworks
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3.1 Health: theoretical frameworks

The existing literature has produced a variety of health system frameworks, spanning across
the full range of the ‘objective of the framework’ and ‘form of relationship’ spectra. While,
frameworks in health are evenly spread along the descriptive v/s analytical range, most
frameworks define relationships in a more generalized vis-a-vis specific theoretical form.

Descriptive health system frameworks outline health system components in different ways,
either in terms of functions of system components, stakeholders involved or the levels of
operations. The seminal WHO framework defines the health system as comprising six key
functional building blocks - service delivery, health workforce, information, medical products
(including both vaccines and technologies), financing, and leadership and governance — and
links them to the broader health system goals (WHO Framework for Action 2007).

Figure 3.1.1: WHO Health System Framework
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Frenk (2010), on the other hand, defines the health systems in terms of its stakeholders. He
identifies patients, consumers, and tax-payers as key players in his health system framework
since they provide the main source of financing and are co-producers of health. Fulop et al
(2001) and Van Damme et al/ (2010) characterize a health system in terms of its level of
operation which could be macro, meso or micro. As per their framework, macro includes the
national and international context which determines policy such as the resource
allocation/financing policy, meso involves the local health system and/or the organizational
level which determines how policy gets implemented, and micro involves the people in the
system (both patients and providers).

Some theoretical frameworks are more analytical in their objective, with an additional focus

on specifying relationships within the system. However, these frameworks tend to specify the
form of the relationship in a generalized or a specific way (i.e with a specific theory). For
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example, Frenk (1994) identifies the state, health providers, and the population as key
components within a health system and defines a series of mediating factors through which
these key actors interact. He argues that the relationship between providers and the population
does not occur in isolation but is rather shaped by the organizations (i.e. workplace or norms
of society) in which they operate, the heterogeneous nature of the organizations and the
population, and by the state through setting policies of regulation and financing. While the
author theorizes how and why these relationships exist, he does not employ specific theories
to explain these relationships. On the other hand, Gilson (2003) focuses on the key relationship
between patients and providers in a health systems and defines the relationship through very
specific ‘trust’ relationships. She argues how behaviour of health system providers and patients
is directly influenced by trust between the patient and the provider, and trust between the health
agent and the wider institution.

Often frameworks which use specific theory to describe the form of relationships tend to focus
on a sub-system or a system-level intervention. Kutzin (2000), for example, develops a health
financing framework in which he uses the market structure of the financing system functions
(revenue collection, pooling of funds, purchasing of services, provision of services) to identify
policy levers for the government to improve access to health finance. Bossert (1998) develops
a framework to study decentralization in health across countries. He uses the principle-agent
model as his basis and extends the model through what he calls the ‘decision space approach’
to understand the degree of choice transferred from the center to local authorities and the impact
of this choice on performance. Examples of such specific theories to model relationships in a
full health system are less common.

The influence of complexity theory and systems thinking in health systems is demonstrated
through two key applications. First, the development of formal models of health systems
through quantitative systems modeling, causal loops, and concept mapping which often
conceptualize health systems (or sub-systems) as complex adaptive systems. For example,
Rwashana, Williams & Neema (2009) use dynamic synthesis methodology (DSM) to model
sub-systems within the immunization system (parental participation sub-system and healthcare
sub-system). They use this model to explain uptake of immunization in Uganda. Homer and
Hirsch (2006) build a simple chronic disease prevention health sub-system model based on
systems dynamic methodology which is grounded in concepts of accumulation and feedback
from systems theory. Their model develops causal diagrams and policy scenario simulation
models to understand the effects of chronic disease perception (see Figure 3.1.2).

Second, the advances in the theory of evaluation of complex interventions in complex systems
(Hawe 2015). For example, health system researchers develop detailed logic models which
outline how a program works. Such models differ from standard linear theory of change models
as they include concepts from systems theory such as inclusion of several pathways indicating
different causal chains for different contexts, concentric circles indicating virtuous (vicious)
circles where a positive (negative) effect may reinforce/magnify its own effect, and feedback
loops or delays (Rogers et al 2000).
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Figure 3.1.2: A simple model of chronic disease prevention
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3.2 Education: theoretical frameworks

While education systems research is a very new field, several theoretical frameworks have
emerged. Similar to health, these frameworks vary in their objective (i.e. how descriptive v/s
analytical they are) and in way they specify the form of relationships.

Purely descriptive frameworks in the education systems literature have been often developed
as a foundation for designing survey tools for system diagnostics. Two examples of such efforts
are the World Bank SABER and the UNESCO GEQAF initiative. SABER at the World Bank
adopts an inventory approach and defines the education system components in terms of its
functions. It identifies 13 different education sub-systems which include 1) early childhood
development (ECD); 2) education resilience; 3) education management information systems
(EMIS); 4) the private sector; 5) equity and inclusion; 6) information and communication
technology (ICT); 7) school autonomy and accountability; 8) school finance, 9) school health
and school feeding; 10) student assessment; 11) teachers; 12) tertiary education; and 13)
workforce development. On the other hand, GEQAF define 5 components of the education
system, with each components catering to a specific impediment to learning. They structure
the education system into: 1) supporting mechanisms (which includes governance, financing
and system efficiency); 2) core resources (which includes curricula, learners, teachers and the
learning environment); 3) core processes (which includes learning, teaching and assessment);
4) desired outcomes (which includes competencies and life-long learning; and 5) development
goals (which includes relevance and equity). While these frameworks go in a fair degree of
descriptive detail, they do not comment on the relationship between these components and/or
the form of relationship.

Other theoretical frameworks specify relationships within the system more clearly. For
example, Pritchett (2015) describes the education system components and the relationships
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between them through specific theory. He describes the education systems as a composition of
the following actors - citizens/parents/students who are the direct participants and intended
beneficiaries of instructional services via schooling; the executive apparatus of the state which
makes key decisions (laws, regulations, policies and the allocation of budgets); organizational
providers of schooling which are schools and organizations (like Ministries of Education) that
control and manage the schools; and Teachers who are the “front-line service providers”. In
terms of how these actors are inter-related to each other, he identifies the direction of
relationships and defines the relationships as ‘accountability’ links which act through 4 design
elements— delegation, financing, information and motivation. He argues that the system of
education works when there is an adequate flow of accountability across the key actors in the
system across these four design elements. He further argues that many current accountability
relationships in existing education systems are coherent for expanding enrolment but not
necessarily for learning (see figure 3.2.1 below).

Figure 3.2.1: Accountability Triangle in the Education System.
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Similar to Pritchett (2015) Muralidharan ef a/ (N.D.) and Andrabi ef a/ (N.D.) also describe the
relationships within the education system through very specific theory. The former describe
the education system in India as comprising of the high level bureaucracy, mid-level
bureaucracy, principals, students, parents and teachers.> They further define interrelationships
between different actors as a set of both accountability and information relationships. The latter
describe the Pakistan education system as an economic market with key constraints and
frictions along five dimensions: 1) access to information; 2) access to resources and financing;
3) knowledge and innovation markets; 4) labor market incentives; and 5) regulatory and
governance structure. They argue that the functioning of the education system hinges on being
able to address key frictions in the market long the above-mentioned dimensions. °

> https://www.riseprogramme.org/countries/india/rise-india-research-overview-technical
% https://www.riseprogramme.org/countries/pakistan/rise-pakistan-research-overview-technical

13



Figure 3.2.2: Market Frictions in the Education System.
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3.3 Infrastructure: theoretical frameworks

The key objective of theoretical frameworks in infrastructure systems is to determine how an
infrastructure will function, whether the government should make a large investment in an
infrastructure asset or to manage risks of infrastructure failures. Given these are high stake
concerns for governments, frameworks mostly include tightly modeled specific relationships
which can make accurate predictions.

A clear theoretical understanding of the form of relationships, which the infrastructure sector
calls ‘interdependencies’, is especially necessary for developing successful systems-of-systems
models. Researchers have adopted descriptive approaches to identify a range of such
interdependencies. For example, Rinaldi (2001) outlines that interdependencies depend on the
scope of the framework and can be classified as a) physical (material or physical flow from
one entity to another); b) cyber (information transfer); c) geographical/spatial (physical
proximity affecting components across multiple infrastructure systems); or d) logical
(dependencies other than the above three categories). Dudenhoeffer et al (2006) further expand
these classes to include two additional categories: a) policy/procedural which includes the
effect of a policy or a procedure of one infrastructure on all other social and economic sectors;
and b) societal which captures the effect of all influencing factors such as public opinion,
confidence, fear, or cultural issues from one system component to another. These
classifications of different types of interdependencies tend to form the basis of theories which
specify relationships in infrastructure systems.

Infrastructure systems research draws on these theoretical definitions of interdependencies to
develop infrastructure frameworks/models. Infrastructure systems are understood as complex
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systems (Saidi et al/ 2018). Hence, researchers borrow ideas from complexity theory and
systems thinking in the way they model these interdependencies. Often, a starting point is to
develop a ‘multi-layer infrastructure network” which models such interdependencies and the
resulting complex behaviors. These networks are then used as a basis for simulation modeling
or other modeling techniques. For example, Dudenhoeffer et al/ (2006) use a conventional
graph theory concept to define an infrastructure system as a collection of nodes, links and edges
which represent the dynamic and complex nature of the system. The dynamic aspect of the
system is demonstrated by the fact that the network can grow overtime (through increase in the
number of nodes); it can evolve (through changing links between the nodes) or entail
complexity (through non-linear effects of nodes on one another which also change the state of
the nodes). Saidi et al (2018) develop a similar multi-layered framework for the civil
infrastructure system (see Figure 3.3.1 below) which shows different types of
interdependencies between various physical infrastructure sectors and the broader social,
economic or political environments. The framework also clearly identifies the type of
relationship as physical, geographical, logical or cyber. Such multi-layered networks offer a
type of ‘systems-of-systems’ framework which model a range of interdependencies across

different infrastructure sectors.

Figure 3.3.1: A systems-of-systems view with different dependency types
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Fig. 1. Multilayer network of an integrated civil infrastructure system with different dependency type.

Source: Saidi et al (2018)

While theoretical frameworks in infrastructure mostly specify the form of relationships, the
level of detail with which such relationships/interdependencies are specified varies, and
primarily depends on the goal of the framework. For example, disruption analysis inherently
involves detailed specification of interdependencies at the outset of the analysis whereas
predicting long-term performance of infrastructure systems may not involve the same level of
detail. Thacker et al (2017) characterize critical national infrastructures as a system-of-system
to perform a multi-scale disruption analysis which requires a detailed specification of physical
and geographic network interdependencies between sectors. By focusing on the physical
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dependencies, the authors map functional pathways through a multi-scale network between
network source and sink assets across a range of operational scales. The network comprising
of nodes and edges in the same infrastructure category is then called a sub-system, defined as
fulfilling a specific function (e.g. a transmission network that facilitates the bulk distribution
of the good or service). Viewed collectively, sub-systems form an infrastructure system,
defined as a set of interconnected assets whose collective function is to facilitate the production
and transfer of a service towards the customer.

Fig.3.3.2: System-of-systems representation of six critical national infrastructures
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On the other hand, Hall et a/ (2016) develop a national infrastructure assessment framework
with the aim to assist decision-makers in analyzing the long-term performance of
interdependent infrastructure systems. In contract to Thacker et al (2017), this requires less
detailed infrastructure interdependency modelling and a greater focus on understanding the
common underlying drivers for infrastructure demands across sectors. This framework deals
with each infrastructure sector — energy, transport, digital communications, water supply, waste
water, flood protection and solid waste — in a consistent model and assesses exogenous socio-
economic drivers which may impact on all sectors (e.g. population growth, the rise of
integrated ICT systems changes the demand patterns for classical infrastructures). It focuses
on explicitly specifying how one sector may place demands on other sectors, or how a sector-
specific capacity installation (a waste to energy plant) may add capacity in another sector (to
electricity production). The focus of this framework on the national, long-term, and
capacity/demand perspective leads to a choice of a comparatively descriptive system, because
a very detailed representation of the interdependencies would be overconfident, over-complex
and consequently, unhelpful (Otto et al 2016).

Some theoretical frameworks do not focus on specific physical interdependencies but rather on
explaining how a specific infrastructure project is influenced by its users, external stakeholders,
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asset managers, operators, and political decision-makers. Such frameworks often draw on
qualitative disciplines to explain interdependencies which involve humans. For example,
Masood et al (2016) develop a conceptual framework with the aim of future-proofing (i.e.
anticipating future changes and needs to prepare appropriately, minimise ecological impact and
capitalise on investments) infrastructure with two dimensions: infrastructure resilience
(resilience to unexpected events) and change management capability (capability to adapt to
changing needs). Given the focus on social interactions, theoretical frameworks within this
area put an emphasis on participatory stakeholder methods and stakeholder engagement with
the aim of understanding how a future-proof infrastructure project could be put into practice.

4. Empirical Methods and Applications

Systems research in health, education and infrastructure addresses a range of research questions
where each type of question requires a different methodology. For the purpose of this analysis,
we categorize research questions into three broad categories (see Table 4.1): 1) Category-A
includes questions which are more theoretical in nature and seek to understand a system (and
the relationship between components); 2) Category-B includes questions that are more
exploratory and descriptive (mainly of the ‘how’ and ‘why’ nature) such as how various
components of the system function, what those system components look like, how would a
certain initiative effect a policy outcome in the future, how power relations and norms effect
system outcomes, and so on; and 3) Category-C includes questions that are explanatory in
nature, which aim to develop causal links between a certain event or intervention and an
outcome of interest. The methods and applications for Category-A type questions have been
outlined in detail in Section 2. We focus this section on methods and applications of Category-
B and C type of questions in systems research.

For exploratory and descriptive questions (Category-B), the health sector uses a wide range of
both quantitative and qualitative techniques. While education and infrastructure aim to do the
same, they tend to be more focused on quantitative techniques in practice, with infrastructure
drawing heavily on fairly technical quantitative techniques. This is in part due to the fact that
understanding infrastructure systems often requires greater reliance on hard quantitative
information as opposed to human factors, which makes it relatively easier to use rigorous
quantitative models. For explanatory questions (Category-C), health again draws on a wider
range, which span from rigorous experimental techniques to realist evaluations, whereas
education primarily uses experimental or quasi-experimental techniques. The literature on
causality in infrastructure is limited. This can be attributed to the nature of large investments
in infrastructure which require careful theory building and testing to be front-loaded prior to
roll-out, with the post-implementation analyses more focused on system performance instead
of impact. Nonetheless, with the donor focus on value for money a small literature on the
impact of development infrastructures is now emerging.

As Table 4.1 shows, the topics of research vary greatly across different sectors and are often

motivated by policy interest, direction of international debates and availability of data (see
details in the sections below).
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Table 4.1: Methodologies and Topics in Systems Research

A.

Conceptual frameworks to

understand components of systems

and their interrelationships

. Exploratory and descriptive work on any system component

C. Explanatory questions about how a certain

intervention affects (or would effect) system

outcomes

Health Common *  Case Study (Categorization) *  Quant Survey designs including discrete choice experiments, cross- *  Experimental and quasi-experimental designs
Methods o Reviews of prior work sectional/longitudinal analysis of existing data o Case Study (theory building), learning sites
*  Use of existing/new theory *  Qualitative interviews and panels *  Realist evaluation techniques
*  Case study (creating categorizations)
*  Ethnographic field studies
¢  Stakeholder analysis
. Formal modeling: Systems modeling, concept mapping, causal loops
Topics *  Health system framework *  Questions around decentralization ¢ User Fees
*  Health sub-system framework *  Identifying constraints in implementation of health reform *  Decentralization
*  Questions surrounding dynamics around health workers *  Vouchers/Cash transfers C
*  Modeling of health systems to show how an intervention would effect an *  Community based monitoring/community based
outcome (e.g. GP integration) healthcare
Education Common *  Reviews of prior work *  Quant Survey designs *  Experimental and quasi-experimental designs
Methods *  Use of existing/new theory *  cross-sectional/longitudinal analysis of existing data *  Case Study (theory building)
Topics *  Education system framework *  Diagnostics of education system components *  Cash transfers
*  School management *  Incentives
*  Private/public school interactions/dynamics ¢ Impact of interventions such as textbooks, impact
of pedagogical interventions such as contract
teachers
Infrastructure Common e Reviews Current infrastructure systems (typically used for risk analysis): Pre - implementation:
Methods . Formal Modeling: System | °® Formal Modeling: System Dynamic based approaches, Agent-based . Formal modeling to test performance of
Dynamic based approaches, Agent- simulation and modelling, Input-output models (economic flows), Graph infrastructure intervention on different criteria
based simulation and modelling, Theory, Network-based approaches, and Empirical approaches (cost, carbon, etc.)
Input-output models (economic | *  other methods: qualitative interviews, case study Post-implementation (limited examples from
flows), Graph Theory, Network- | Infrastructure systems planning (future): development literature):
based approaches *  Formal modeling: Simulation modelling with different scenarios *  Experimental and quasi experimental designs
*  Other methods: Delphi methods, Participatory backcasting, robust decision | ®  CGE models, cross-country regressions and sub-
making, adaptive planning national geographic data analysis
Topics *  Infrastructure interdependencies | *  Infrastructure planning (decision-making) *  Prediction of performance of infrastructure

classification

Theoretical frameworks of
infrastructure systems and sub-
systems

Risk and resilience infrastructure analysis
Integrated systems modeling

intervention on different criteria (cost, carbon,
etc.)

Impact of infrastructures on human lives
Impact of green infrastructures
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4.1 Health: empirical methodologies and applications

Health systems research draws on a range of disciplines and methodologies to address different
types of exploratory, descriptive, and explanatory questions to unpack the complexities of
health systems (Mills et al 2008, Gilson Ed. 2012). This section highlights some key
methodologies and their application. It also provides a commentary on areas of research where
the field has made a notable contribution.

Understanding gaps in policy implementation is a key focus of health systems research (WHO
2002, De Savingy and Adam 2009). Sheikh and Porter (2010) conduct a stakeholder analysis
to identify key gaps in policy implementation. They use data from 46 in-depth interviews with
various stakeholders across 5 states India to understand bottlenecks in HIV policy
implementation (from 9 hospitals selected by principles of maximum variation). Using the
“framework” approach for applied policy analysis, combining inductive and deductive
approaches, they find that key gaps in policy implementation included conflicts between
different actors’ ideals of performance of core tasks and conformance with policy, and
problems in communicating policy ideas across key actors involved in implementation. The
use of such methodological approaches can often generate findings that are important for
understanding how a system interacts with policy change but may be difficult to infer through
narrowly designed policy evaluation techniques.

Another key aspect which may determine how systems perform is the accountability
relationships between different health system actors. However, capturing the complex social
and political realities around such relationships requires techniques which allow deeper
exploration. For example, George (2009) conducts an ethnographic analysis to understand how
social dynamics may create individuals own meaning of accountability. He examines routine
human resource management and accountability practices in Koppal state, India, showing how
a complex web of social and political relations among different actors in primary health care
influences local understandings and channels of accountability.

Understanding how to allocate limited resources to achieve health gains is central to health
systems. For this purpose, one question that researchers and policymakers may seek to
understand is key attributes of patient treatment or provider jobs, so as to determine appropriate
investment in treatments and/or job incentives. Discrete choice experiments are a methodology
which have been adopted and further refined by health economics over the last decade to
understand questions such as patient preferences for different aspects of a treatments and health
worker job preferences (Ryan 2009). This has enabled researchers to develop clarity on these
questions, within a single and across several contexts, in a cost-effective way. For example,
Blaauw et al (2010) use discrete choice experiments (DCEs) to evaluate the effectiveness of
different policies in attracting nurses to rural areas in Kenya, South Africa and Thailand. They
find that in Kenya and South Africa, better educational opportunities or rural allowances would
be most effective in increasing the uptake of rural posts, while in Thailand better health
insurance coverage would have the greatest impact. Such approaches are also helpful in
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developing a system-wide understanding of central questions such as job preferences.

Health systems research draws on complexity theory and systems thinking in some its
metholdogies quite explicitly. Two examples of this include: 1) Modeling of health systems
(or sub-systems) formally through quantitative modeling which involves feedback loops and
non-linear relationships; 2) evaluation techniques which cater to the complexity of
interventions and the health system itself.

Formal models which draw on complexity are mostly used to predict the impact of a potential
change within the system. For example, Batterham et a/ (2002) use concept mapping to
understand GP integration across primary and secondary health care systems in Australia.
Similarly, Bishai et al (2014) explore how a hypothetical policy change of funding curative
versus preventative services might lead to unintended consequences through complex
relationships between stakeholders and financial resources. They identify several negative
feedback loops that lead to stable model equilibria that were unexpected from the objectives of
the original policies. While research in formal modeling of health systems continues to grow,
the effectiveness of such models tends to be limited to their predictive ability instead of being
able to study the actual impact of large scale interventions (Hanson 2015).

Given health systems researcher often deal with complex interventions in complex systems,
the key question is how to think about research and evaluation design, measurement of
outcomes, and process evaluation in a different way (Hawe 2015). To address such concerns,
the field has seen a rise of ‘realist evaluations’ as a way to evaluate complex interventions and
tease out causal relationships. This technique recognizes that many different variables may be
interwoven which interact in different ways with the fabric of society. Hence, the aim is to
identify ‘what works in which circumstances and for whom?’, rather than merely ‘does it
work’? (Pawson and Tilley 1997) More specifically, instead of looking at simple cause and
effect relationships, realist research considers the interaction between context (the specific
setting in which an intervention is rolled out), the mechanism (process of how an intervention
works) and outcome. It develops ‘middle range theories’ through developing context-

mechanism-outcome relationships which show how an intervention works (Greenhalgh et a/
2016).

While such evaluations have been rising in the field, their uptake has been slow due to lack of
clarity around the methodology, lack of guidance on its use, and its time-consuming nature
(Marchal et al 2012). Despite such challenges, some researchers have been able to leverage the
methodology effectively to tease out important insights. For example, Mac Kenzie et al (2009)
use realist evaluation techniques along with a clustered randomization trial to understand the
impact of a nutritional intervention during a smoking cessation programme. The authors argue
that using realist approaches helped them build a more refined understanding of how outcomes
and processes were related. While Mac Kenzie et al (2009) combined realist approaches with
a rigorous experimental design in their work, a lively debate continues on whether realist
approaches can be used together with experimental and quasi-experimental approaches. While
proponents argue that realist approaches can be integrated with RCTs by focusing on
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standardizing processes and functions of interventions rather the components of the
interventions (Hawe et al/ 2004, Bonell et al 2012), others argue that given RCTS are
fundamentally based on a positivist paradigm, they would be unable to fully adapt to capture
the complexity of interactions in a complex system.

Apart from realist approaches, health systems research also identifies several other techniques
for meaningful evaluation of health systems. For example, Tsofa et a/ (2017) use a ‘learning
sites’ approach in which a geographical space is specifically created where researchers and
health system practitioners work together over long periods of time to uncover and address
thorny governance challenges. As part of the learning site activities, formal reflective sessions
are regularly held among researchers, between researchers and practitioners, and across
learning sites to develop an in-depth contextual grounding to study complicated pathways to
change. Using this approach, the authors study the impact of a new decentralization reform in
Kenya on health resource allocation and budgeting. They conclude that the decision space,
organizational capacity, and accountability structures are critical to achieving decentralization
success.

As the field continues to grow through the types of studies highlighted above, there are several
policy questions/areas of research where the field has specifically managed to make a
substantial contribution via shaping global debates and the direction of research. The shifting
global position on the effectiveness of user fees is one such example. The World Bank report
“Financing Health Services in developing countries: An Agenda for Reform” made a case for
implementation of user fees to increase government revenue in order to improve access to the
remote poor, quality of health care, and create incentives for patients to use services more
efficiently (Akin et al 1987). Following this report, many countries in Sub-Saharan Africa
responded by increasing user fees in health care. This led to a series of research outputs on the
health financing system, in particular the effectiveness of user fees in several different contexts.
While some studies pointed to the positive effects of introducing user fees in the form of
increased utilization rates (as in Livtvark and Bodart 1993), many others pointed to how the
policy actually harmed the poorest (Deininger and Mpuga 2004). Some authors pointed to its
positive effects whilst at the same time identifying the constraints which make the
implementation of the policy challenging (Collins et al 1996). This evidence resulted in the
World Bank shifting its position on user fees to how countries must have discriminating fees
systems where only those who can afford to pay must pay. Ultimately the Bank moved to its
current position in which they advice great caution in using user fees in health systems.

Decentralization is another area which has received a fair amount attention from health system
researchers. While no definitive conclusions on the effectiveness of the reform have emerged,
the literature has provided several useful insights which can make the reform effective — clarity
of roles and objectives, need for capacity building, effective monitoring and evaluation
processes to name a few (Brinkerhoff and Leighton 2003). Part of the reason for the lack of
conclusive research in this area is the fact that decentralization tends to be a multi-faceted
reform with technical, financial and political aspects. Since the reform is implemented in
different countries with different objectives and functionalities, comparison across contexts is
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difficult (Brinkerhoff and Leighton 2003). In addition, implementation also varies greatly
across contexts in terms of which functions get decentralized first and the degree of
decentralization within each functionality (WHO 2002).

Despite these challenges, health systems research continues to investigate both the
effectiveness of decentralization across contexts and propose methods for investigating the
reform across contexts. For example, Bossert (1998) grounds himself in a principal agent
framework and extends it through what he calls the ‘decision space approach’ to understand
the degree of choice transferred from the center to local authorities and the impact of this choice
on performance. He proposes this framework as a way to systematically understand and
evaluate decentralization across countries. Abimbola (2018) carries out a realist synthesis of
decentralization interventions to understand why, how and in what context decentralization
effects health system equity, efficiency and resilience. The author identifies three mechanisms
which may mediate the effect of decentralization on health outcomes: 1) ‘Voting with feet’
which captures how decentralization affects patterns of inequities in a jurisdiction; 2) ‘close to
ground’ which captures how local governance allows for local initiative, input, feedback; and
3) “Watching the watchers’ which captures the mutual accountability links between the citizens
and the government.

4.2 Education: empirical methodologies and applications

To date, education systems research has focused more on quantitative methods vis-a-vis other
methodologies (See Table 4.1). While the field aims to incorporate other methodologies and
disciplines as it grows (Hanson, 2015), there are several unique ways in which the sector is
using quantitative techniques to lend useful insights.

The use of quantitative survey tools for conducting system diagnostics is on such example.
SABER has implemented its system diagnostic tools in more than 100 countries to identify key
constraints to system effectiveness (World Bank, 2014). In Jamaica the government’s Early
Childhood Commission is employing the SABER dataset to draft its new National Strategic
Plan as well as a national multi-sector early childhood development policy. Similarly, in
Tanzania, information from the diagnostic is helping the Government plan its education
reforms (World Bank, 2014). Country teams in RISE have also adapted these tools locally to
develop clarity on how various sub-components in the education system contribute to (or
hamper) system effectiveness. Pritchett (2018) highlights key insights and challenges of using
such system diagnostics. First, he points out that input indicators and other de jure (formal)
policies which the tools aim to capture do not always explain learning - for example, Vietnam
shows high learning scores in PISA assessments but indicators in the system diagnostic tools
are unable to explain this success; Pakistan shows an impressive record of policies and projects,
yet learning remains low. He argues that to understand the drivers the system effectiveness, it
is essential to develop and implement tools which in fact aim to capture de facto (i.e. actual)
policies. At the same time, he acknowledges that developing and implementing such de facto
tools is challenging as the responses can vary, which can also make global advocacy difficult.

23



Nonetheless, developing accurate system diagnostics remains an active discussion in education
systems research.

Another example where large quantitative datasets are generating useful insights is the Young
Lives longitudinal study of 12000 students across the countries of Ethiopia, India, Peru and
Vietnam covering a life span of 15 years. Within the education theme, Young Lives strives for
equitable access to education for all and conducts school surveys to understand the impacts of
early education, low-cost private schools and other education system components. This project
has created a rich longitudinal household and student learning dataset overtime which has
allowed the team to explore important systems research questions. For example, in India the
household surveys and learning data have together shed light on the role played by low-cost
private schools within the education system.” Woldehanna and Araya (2017) used the
longitudinal data from Ethiopia to examine the contribution of preschool participation on
successful completion of secondary education and the chance of transitioning to institutions of
higher learning at the proper ages. They find that preschoolers are 25.7% more likely than their
non-preschool counterparts to transition to higher learning.

When it comes to causal questions, the education literature has explored a series of systems-
level questions mainly through experimental and quasi-experimental techniques. These include
understanding the impact of large spending by governments (in the form of textbooks, cash
transfers), governance reforms such as teacher incentives or community monitoring
programmes, new pedagogical approaches in government schools (such as contract teachers or
literacy and numeracy skills lessons), and the impact of school-based management reforms (see
review by Glewwe and Muralidharan 2015) . A review of this evidence shows that improving
pedagogy and governance (mainly teacher incentives and accountability) can lead to learning
gains whereas large spending by government is mostly ineffective (Glewwe and Muralidharan
2015). While these studies address important systemic questions, they were not designed with
the recognition of education systems as complex systems with careful mapping of contextual
causal pathways of change. However, as the field grows there will most likely be an increase
of interventions which are both designed and evaluated with a systems-level lens.

4.3 Infrastructure: empirical methodologies and applications

Methodologies for exploratory and descriptive work in infrastructure mainly include formal
modelling techniques. However, the technique used varies depending on whether researchers
are modelling the current national interdependent infrastructure system (which is mainly to
determine short-term risk) or simulating infrastructure performance over the long-term.
Modelling risk in current infrastructure systems requires a specific and detailed understanding
of the current interdependencies between infrastructure assets while modelling performance
for the long-term is typically more high-level, focusing on the interaction of the system with
its political and social context. It is in the latter case where infrastructure systems research often

7 https://www.younglives.org.uk/content/education
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uses qualitative techniques along with formal modelling techniques for a more comprehensive
understanding of the context.

For modelling current integrated infrastructure systems, the literature proposes several
different approaches (Ouyang 2014, Rinaldi et al 2001, Zhang & Peeta 2011). These include
five broad categories - system dynamic-based approaches, agent-based simulation and
modelling, input-output models (economic flows), network-based approaches, and empirical
approaches.” However, a growing number of studies suggest that the current infrastructure
system is most suitably modelled using a network-based approach of nodes and edges, which
capture essential interdependencies and indicate the flow of directionality across infrastructure
assets (Lewis 2006). While no network modelling approach can answer all the questions
(Brown et al 2004, Murray et al 2008, Eusgeld et a/ 2008), models which incorporate systems
theory and develop networks which adapt to their environment are considered to be the state-
of-the-art (Eusgeld et al 2008, Xiao et al 2008, Ouyang 2014, Bevir 2007).

Network-based models can take two forms. They can either adopt a topology-based method
(where interdependencies are based on topologies and nodes remain discrete) or a flow-based
method (where services or flows across infrastructure systems are taken account of and nodes
can deliver and produce services). For example, Zhang and Peeta (2011) use a multi-layered
infrastructure network framework (as in Figure 3.3.1) which is an application of the flow-based
method. They combine the multi-layered network together with market mechanisms and
computable general equilibrium theory to formulate network flow, cost, spatial characteristics,
and interactions between system components for each infrastructure layer.

Other quantitative strategies for risk assessments in current infrastructure systems include
empirical approaches which use historical accident data to quantify patterns and
interdependencies to make empirically-based decisions, agent-based models and system
dynamics which treat infrastructure systems as complex adaptive systems and simulate
relationships between system components, input-output models, and computational general
equilibrium theory which measure interdependencies in terms of economic relationships
(Ouyang, 2014).

Apart from questions pertaining to current infrastructure systems, adequate planning and
operation of infrastructure systems also requires responding to uncertainties in the future. Most
methodologies for future planning of infrastructure systems are grounded in decision-analysis
methodologies, which at times also draw on qualitative techniques. These include, for example,
scenario modelling and robust decision-making methods which use multiple views of the future
to identify conditions under which a decision would fail to meet its objectives (Lempert et al
2006, Lempert et al 2013), adaptive planning which focuses on the dynamic nature of
infrastructure planning, and hybrid methodologies which integrate stakeholder input with the

® The details of these are further described by Saidi et al 2018, Pederson et al 2006, Eusgeld
et al 2008; Xiao et al 2008, Ouyang 2014, Giannopoulos et a/ 2012.
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above-mentioned methodologies. We give details on formal scenario planning, robust
decision-making and hybrid methodologies below.

Formal scenario planning embraces the concept of multiple future views (Bradfield et a/ 2005).
Scenarios are often presented as narratives of descriptions of possible paths into the future and
can be differentiated in three classes. These include probable scenarios (what will happen);
possible scenarios (what could happen) and preferred scenarios (what should happen). Such
scenarios are typically produced in group exercises where three to four such possible paths are
generated (Wilkinson and Eidinow 2008). These are intended as a set to stimulate group
thinking and help decision-makers evaluate those strategies that perform well across multiple
futures (Lempert et a/ 2009). While it can be difficult to capture a wide range of potential
futures in a limited set of scenarios, scenario analysis is the least complex of these techniques
and has been widely employed for policy review and in infrastructure assessments.

Robust decision-making is applied using computer simulation models to test strategies against
a range of potential futures. This involves considering hundreds to millions of scenarios —
enough that one matches the actual future (Lempert, 2003). Such an exploration of the future
aids policy-makers in determining those strategies whose performance is relatively insensitive,
in other words ‘robust’, to key uncertainties. For example, Kalra et a/ 2015 defined a robust
portfolio of water reservoirs in order to implement Lima’s long-term water resource plan. Such
an approach can also help to define pathways that allow for flexibility and adjustment of the
strategy once new information becomes available and future developments become more
predictable.

Hybrid methodologies integrate stakeholders throughout the decision-making process for
infrastructure, prior or post modelling. Prior to the modelling, stakeholders may be engaged in
defining which infrastructure interventions to model, or which criteria for performance
modelling to choose (e.g. determining those infrastructure investments with least cost, least
environmental impact, etc.). Such stakeholder methodologies typically make use of a number
of methods, including Delphi or participatory backcasting. Delphi methods seek agreement on
future infrastructure trends from a wide range of experts (Gordon 1964). Such experts respond
to a list of questions, review each other’s answers, and revise their views accordingly in an
iterative fashion. Stakeholders may further be integrated to define which infrastructure assets
to model (e.g. building a new power plant, small solar parks, etc.) through participatory
backcasting (Banister 2013, Touminen 2014). Post modelling, stakeholders can be integrated
to encourage open discussion of trade-offs between different criteria, focusing on strategic,
agreed-upon objectives rather than each stakeholder’s personal cost and benefits.

Compared to health and education, assessing the impact of an infrastructure investment after
its implementation is less practiced and hence the literature on the subject is meagre. This can
be attributed to the nature of infrastructure - its long-lifetime and costly resources warrant
investment into detailed modelling to simulate how different infrastructure investments
perform in the future — with lesser focus on estimating the impact of the investment once it has
been made.
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One exemption to this is the development literature, where the effectiveness of an infrastructure
intervention is often dependent on the local population using it. In such cases, impact of
infrastructure is defined as how the infrastructure construction, rehabilitation or maintenance
has effected people’s lives (Hansen et a/ 2011). The focus of development agencies on results
and value for money has led to an increase in impact evaluations to demonstrate the
effectiveness of infrastructure development programmes (Hansen et al 2011). A range of
quantitative methods are employed such as experimental methods (where random assignment
is possible), quasi-experimental methods (in cases of large n), computational general
equilibrium models (in cases of small n) and cross-country growth regressions. There has also
been a recent surge in evaluating infrastructure investments for environmental outcomes, for
example carbon emissions. Law et al (2017) for example use energy analysis, an environmental
accounting system, to evaluate the direct and indirect energy inputs into these infrastructures
to give an indication of sustainability outcomes. Such infrastructure evaluations are valuable
to decision makers and urban planners who aim to improve standard design and
implementation practices for infrastructure projects.

5. Linkages to Policy

Systems approaches are more policy-driven than most academic research, with governments
and international organizations often closely involved in the research process tackling
questions that are central to improving service delivery. While this generates practical,
actionable and relevant research, a set of key steps need to be taken to ensure the field stays
true to its spirit. First, effort towards careful stakeholder engagement planning to acquire buy-
in from governments and international multilateral and donor organizations for this type of
research. This includes advocacy to create funding opportunities. Second, efforts to ensure that
the research remains contextually relevant. This often requires strong local partnerships and
hence the need to build local capacity for research engagement with local policy partners over
long periods of time.

While both the health and education sector have adopted several different approaches to ensure
research in the field remains contextually relevant, funding remains a challenge. The
infrastructures sector functions differently in this regard. Since governments make large
investments in infrastructure, there is generally an appetite for supporting research (both
through local engagement and funding) which gives clear predictions on how to make the
system more effective.

In the health and education sector, governments often have competing priorities such as
investing in disease-specific or input based (such as textbooks) interventions which have more
visibility and are also traditionally thought of as being effective. This probably explains why

despite being a well-developed field, health systems research has struggled to secure adequate
funding at international and national levels. In a report, the Alliance showed that health systems
research was only 0.017% of the total health expenditure in countries as opposed to the 2%
recommended by the Commission of Health Research for Development (WHO 2002). While
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researchers have competed for funding for health systems research, several challenges
contribute to the lack of adequate funding. First (and as mentioned above), there are often other
national competing priorities for funding such as disease specific research which takes
precedence. Second, donors often support research on specific diseases. Third, health systems
research is not grounded in a discipline or methodology which limits potential avenues for
funding (WHO 2002). Such challenges may also be confronted by education systems research
as it evolves (Hanson 2015).

Despite these challenges, both health and education have taken promising steps to promote
contextually relevant research and create funding opportunities for policy-relevant research.
Across the two sectors, research and funding models have two commonalities. First, funding
initiatives have mostly been initiated by multilateral organizations such as the World Bank,
WHO and DFID. Second, they have a strong focus on building long-term research-policy
engagement with involvement from local researchers. Examples from funding models from the
health and education sectors below illustrate these two commonalities.

In health, the International Health Policy Programme (IHPP), initiated by the World Bank, Pew
Charitable trusts, and the Carnegie Corporation, was an early effort to develop local capacity
and promote systems research. It was initiated as a 10-year project across several countries as
a way to encourage deep long-term research-policy engagement. Across all funding cycles,
nearly USD 15 million were invested in health systems research (Andreano 2000, WHO 2002).
Another example is the health systems work which is taking place through KEMRI, a
collaborative effort between Kenya Medical Research Institute, the Wellcome Trust, and the
University of Oxford. KEMRI adopts a learning sites approach to conduct health systems
research in which local stakeholders (such as health managers as different levels) are active
participants in the research process over a long term.’

In education, RISE is a large multi-country DFID funded grant which is supporting six country
teams in India, Ethiopia, Pakistan, Tanzania, Vietnam and Indonesia. Similar to funding
initiatives in health, exploring policy-relevant questions is central to how the RISE programme
is structured. The six country research teams have been selected carefully on the basis of having
strong linkages with policy-makers in their country, and work on a specific 5-year research
agenda.

Apart from funding initiatives, the health sector has also been able to develop a large network
of academics and practitioners from the developed and the developing world. This has
contributed in developing necessary policy linkages and keeping the field relevant through
setting a joint research agenda at various forums (such as the conference ‘Symposium on
Health Systems Research’ which happens once in every 2 years; and the recently established
professional society, Health Systems Global). In addition, the Alliance has also supported

? Other funding initiatives also include a focus on the local context - a 3-year WHO grant in
collaboration with the Mexican health foundation which funded a total of 53 projects and a 3-
year Alliance grant programme which funded over 90 projects (WHO 2002)
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research on priority-setting at the international and national level which outlines how countries
can make a case for health systems research by involving important government and
international (i.e bilateral donor organizations) stakeholders through priority setting exercises.
Such efforts play an important role in bringing a spotlight to the field.

As mentioned above, funding for question-driven and policy-relevant infrastructure systems
research has been relatively accessible. This can be attributed to the interest and involvement
of private actors in the provision and operation of infrastructure services and the direct interest
of Governments in having operational infrastructure systems. Funding is mainly accessible for
quantitative systems modelling and the development of decision-making tools on infrastructure
investments, typically from governmental research councils (e.g. in the UK the Oxford-based
Infrastructure Transition Research Consortium is funded by the Engineering and Physical
Sciences Research Council). Funding from international organisations (UN, World Bank)
focuses mainly on climate risk analyses to infrastructure systems, developing tools for
identifying assets at risk and assessing options for increased sustainability and resilience of
specific infrastructure sectors.

6. Conclusion: implications for public management and public finance

This background paper has surveyed the development of systems approaches to public service
delivery across the health, education, and infrastructure sectors, highlighting similarities and
differences. We now conclude with a (somewhat preliminary and speculative) discussion of
the lessons this review might hold for the advancement of research into public management
and public finance. These fields do not directly deliver services to the public, but do provide
critical inputs — or crippling constraints — for service delivery across sectors and organizations.
As with health, education, and infrastructure, for the purpose of this discussion we will consider
public management and public finance as topics of study rather than as disciplines,
encompassing relevant work from development economics, comparative politics, and public
administration.

Although many studies in public management and public finance do focus substantively on
systems topics, there is little literature on these topics that explicitly adopts a systems
perspective in the methodological or theoretical sense discussed throughout this paper. The
nascent economics literature on bureaucracy and state effectiveness in developing countries is
overwhelmingly focused on identifying causal effects of policies in particular contexts with
limited discussion of context, and the broader surveys of this literature categorize different
research questions according to policy instrument or function but devote little effort to thinking
about the interactions between them (Finan ef al 2015; Bandiera et al 2016; Finan and Dal Bo
2017). This type of research is at the stage that education research was at perhaps a decade ago,
with an increasing number of insightful and rigorous (quasi-)experimental studies but little
cumulation of knowledge or development of integrative frameworks.

Comparative politics as a sub-discipline also contains little explicit discussion of systems
approaches to bureaucracy, with Ang (2017) as a notable exception. Although also host to an
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increasing number of focused quantitative (quasi-)experimental studies (see review in
Pepinsky et al 2017), comparative politics differs somewhat from economics in its explicitly
comparative aims. The project of trying to explain how differences in context across cases lead
to different policy choices or outcomes is remarkably similar to systems approaches’ focus on
understanding complementarity and contingency, even if it is not framed in these terms. The
same is true of comparative politics’ longstanding emphasis on the importance of discussing
scope conditions for theory and empirical results. As Pepinsky et a/ (2017) emphasize, there is
potential for this newer wave of mainly quantitative work to connect to a more established and
typically broader and more qualitative comparative literature on governance and state capacity
(e.g. Evans 1995, Tendler 1997, Woo-Cummings 1999).

While the turn towards quantitative rigor and causal identification in public administration is
less advanced than in either comparative politics or development economics (James ef al 2017),
the types of questions asked by systems approaches have long been central to the discipline.
Although not explicitly framed in terms of systems, research areas such as public sector reform
(Hammerschmid et al 2016) and policy coordination (Kaufman 1991) are motivated and
characterized by a high degree of attention to the complementarity and contingency of
government structures and processes. Similarly, there are well established journals on systemic
topics such as public financial management and human resources management.

Thus in public administration as in comparative politics, despite a lack of explicit ‘systems’
literature there is actually a large body of work on similar topics with a similar emphasis on
complementarity among system elements and contingency of outcomes. What distinguishes
this from systems approaches in other sectors (apart from nomenclature) is that whereas health,
education, and infrastructure systems approaches were motivated by challenges in cumulating
knowledge from numerous rigorous-but-narrow studies, public administration and comparative
politics have arrived at these topics from the opposite problem: a historical lack of causally
identified empirical studies. A key challenge and opportunity for the development of systems
research in public management and public finance is thus to provide a framework that can
integrate these broad, comparative, mostly qualitative insights with the growing number of
more narrow studies emerging in these areas.

Finally, to what extent can the evolution of systems research in health, education, and
infrastructure serve as models for developing this theoretical and methodological framework
in public management and public finance? Health systems research is perhaps the best model
for this, given its interdisciplinarity and greater degree of development than education.
Infrastructure’s reliance on intricate models of systems is perhaps even less applicable to public
management than to health or education, given the highly contingent and difficult-to-measure
nature of much of management, but is perhaps more applicable to public financial management,
where it is also possible to measure and characterize flows more precisely. While these
challenges are numerous, so too are the opportunities to make public management and public
finance more rigorous, more relevant, and more attuned to local contextual differences.

30



References

Abimbola, Seye. 2018. Beyond the Mixed Results of Fixed Outcomes: a Realist Synthesis on
How Decentralisation Influences Health System Equity, Efficiency, and Resilience.

Akin, J. S., Birdsall, N., & De Ferranti, D. M. 1987. Financing health services in developing
countries: an agenda for reform. Washington, D.C.: World Bank.

Akin, J. S., Griffin, C. C., Guilkey, D. K., & Popkin, B. M. 1986. The demand for adult
outpatient services in the Bicol region of the Philippines. Social Science & Medicine, 22(3),
321-328. https://doi.org/10.1016/0277-9536(86)90130-9

Andreano R. 2000. An informal assessment of the international health policy programme.
Geneva, Alliance for Health Policy and Systems Research. Working Paper.

Ang, Yuen Yuen. 2017. How China Escaped the Poverty Trap. Ithaca: Cornell University
Press.

Banister, D. 2014. Pluralistic backcasting: Integrating multiple visions with policy packages
for transport climate policy, 60, 41-58.

Bandiera, Oriana, et al. 2016. State Effectiveness, Growth and Development. 1GC,
www.theigc.org/wp-content/uploads/2014/09/IGCEvidencePaperState.pdf.

BBC. 2011. BT suffers huge broadband failure. http://www.bbc.co.uk/news/technology-
15154020

Bevir, M. 2007. Encyclopedia of governance. Thousand Oaks: Sage Publications, Inc.

Bissell, J. J. 2010. Resilience of UK infrastructure. POSTNOTE. Retrieved from
http://www.parliament.uk/business/publications/research/briefing-papers/POST-PN-362

Blaauw, D., Erasmus, E., Pagaiya, N., Tangcharoensathein, V., Mullei, K., Mudhune, S.,
Lagarde, M. 2010. Policy interventions that attract nurses to rural areas: a multicounty
discrete choice experiment.

Bjorkman, M., & Svensson, J. 2009. Power to the People: Evidence from a Randomized
Field Experiment on Community-Based Monitoring in Uganda. The Quarterly Journal of
Economics, 124(2), 735.

Blas, E., Gilson, L., Kelly, M. P., Labonté, R., Lapitan, J., Muntaner, C., ... Vaghri, Z. 2008.

Addressing social determinants of health inequities: what can the state and civil society do?
Lancet (London, England), 372(9650), 1684.

31



Bloom, N., & Van Reenen, J. 2007. Measuring and Explaining Management Practices
across Firms and Countries. The Quarterly Journal of Economics, /122(4), 1351-1408.
http://doi.org/10.1162/qjec.2007.122.4.1351

Bloom, N., Lemos, R., Sadun, R., & Van Reenen, J. 2014. Does Management Matter in
Schools. Cambridge, Mass.: National Bureau of Economic Research.

Bold, Tessa, Mwangi Kimenyi, Germano Mwabu, Alice Ng’ang’a, and Justin Sandefur.
2016. Experimental Evidence on Scaling Up Education Reforms in Kenya. Mimeo,
November.

Bonell, C., Fletcher, A., Morton, M., Lorenc, T., & Moore, L. 2012. Realist randomised
controlled trials: A new approach to evaluating complex public health interventions, 75(12),

coach to evaluating complex public health interventions. Social science & medicine (1982),
75 (12). pp. 2299-306.

Bossert, T. J., Larranaga, O., Giedion, U., Arbelaez, J. J., & Bowser, D. M. 2003.
Decentralization and equity of resource allocation: evidence from Colombia and Chile.
Bulletin of the World Health Organization, 81(2), 95.

Brinkerhoff, Derick, and Charlotte Leighton. 2002. Decentralization and Health System
Reform. Insights for Implementers, no. 2

Bradfield, R., Wright, G., Burt, G., Cairns, G., & Van Der Heijden, K. 2005. The origins and
evolution of scenario techniques in long range business planning. Futures, 37(8), 795-812.
http://doi.org/10.1016/j.futures.2005.01.003

Brown, T., Beyeler, W., & Barton, D. 2004. Assessing infrastructure interdependencies. the
challenge of risk analysis for complex adaptive systems. International Journal of Critical
Infrastructures.

Carey, G., Malbon, E., Carey, N., Joyce, A., Crammond, B., & Carey, A. 2015. Systems
science and systems thinking for public health: a systematic review of the field. BMJ Open.
https://doi.org/10.1136/bmjopen-2015-009002

Chifari, R., Lo Piano, S., Bukkens, S. G. F., & Giampietro, M. 2015. 4 holistic framework for
the integrated assessment of urban waste management systems. Ecological Indicators.
http://doi.org/10.1016/j.ecolind.2016.03.006

Chifari, R., Lo Piano, S., Bukkens, S. G. F., & Giampietro, M. 2016. 4 holistic framework for
the integrated assessment of urban waste management systems. Ecological Indicators.

http://doi.org/10.1016/j.ecolind.2016.03.006

Clayton, A. M. H., & Radcliffe, N. J. (2015). Sustainability: a systems approach. London:

32



Routledge.

Collins D, Quick, J, Musau, S, D Kraushaar. 1996. Health financing reform in Kenya: The
fall and rise of cost sharing, 1989-1994. Boston, Management Sciences for Health and the
US Agency for International Development

Crawford, Lee. 2017. RISE Working Paper 17/013 - School Management and Public-Private
Partnerships in Uganda. www.riseprogramme.org/publications/rise-working-paper-17013-
school-management-and-public-private-partnerships-uganda.

D’Agostino, G., & Scala, A. 2014. Networks of Networks: The Last Frontier of Complexity.
Cham: Springer International Publishing: Imprint: Springer.

De Ree, J., K. Muralidharan, M. Pradhan and F. Rogers. 2015. Double for nothing?
Experimental evidence on the impact of an unconditional teacher salary increase on student
performance in Indonesia. Unpublished manuscript. The World Bank, Washington, DC.

Deininger, K. W., & Mpuga, P. 2004. Economic and welfare effects of the abolition of health
user fees evidence from Uganda. Washington, D.C.: World Bank.

De Savigny, D., & Adam, T. 2009. Systems thinking for health systems strengthening
(Alliance Flagship report series). Geneva: World Health Organization.

Dudenhoeffer, D. D., Permann, M. R., & Manic, M. 2006. CIMS: A framework for
infrastructure interdependency modelling and analysis.

Evans, P. B. (1995). Embedded autonomy: states and industrial transformation. Princeton,
N.J.: Princeton University Press.

Finan, Fredrico, and Ernesto Dal Bo. 2017. At the Intersection: A Review of Institutions in
Economic Development. EDI - Economic Development and Institutions.
edi.opml.co.uk/publication/doneceu-libero-sit/.

Frenk, J. 1994. Dimensions of health system reform. Health Policy, 27(1), 19-34.
https://doi.org/10.1016/0168-8510(94)90155-4

Frenk, J. 2010. The Global Health System: Strengthening National Health Systems as the
Next Step for Global Progress. PLoS Medicine, 7(1), e1000089.
https://doi.org/10.1371/journal.pmed.1000089

Fulop N, Allen P, Clarke A, Black N (eds). 2001. Studying the Organisation and Delivery of
Health Services, Research methods. London: Routledge Publishers.

33



Gilson, L. 2003. Trust and the development of health care as a social institution. Social
Science & Medicine, 56(7), 1453-1468. https://doi.org/10.1016/S0277-9536(02)00142-9

Gilson, Lucy Ed. 2012. Health Policy and Systems Research - A Methodology Reader. World
Health Organization. www.who.int/alliance-hpsr/resources/reader/en/.

Gilson, L; Raphaely, N. 2008. The terrain of health policy analysis in low and middle income
countries: a review of published literature 1994-2007. Health policy and planning, 23 (5). pp.
294-307. ISSN 0268-1080 DOI: 10.1093/heapol/czn019

Gordon, T. J., & Helmer, O. 1964. Report on a Long-Range Forecasting Study. Santa
Monica, CA: RAND P-2982.

Greenhalgh, T, Macfarlane, F, Steed, L, & Walton, R. 2016. What works for whom in
pharmacist-led smoking cessation support: Realist review.

George, A. 2009. By papers and pens, you can only do so much: views about accountability
and human resource management from Indian government health administrators and
workers. International Journal of Health Planning and Management, 24(3), 205-224.
https://doi.org/10.1002/hpm.986

Glewwe, Paul, and Karthik Muralidharan. 2015. Improving school education outcomes in
developing countries: evidence, knowledge gaps, and policy implications. University of
Oxford, Research on Improving Systems of Education (RISE)

Haddad, E. A., Perobelli, F. S., Domingues, E. P., & Aguiar, M. 2011. 4ssessing the ex-ante
economic impacts of transportation infrastructure policies in Brazil. Journal of Development
Effectiveness, 3(1), 44—61. https://doi.org/10.1080/19439342.2010.545891

Hall, J., Tran, M., Hickford, A., & Nicholls, R. 2016. The Future of National Infrastructure:
A systems-of-systems approach. Cambridge University Press.

Hallegatte, S., Shah, A., Lempert, R., Brown, C., & Gill, S. 2012. Investment Decision
Making Under Deep Uncertainty: Application to Climate Change. Policy Research Working
Paper, (6193), 41. http://doi.org/doi:10.1596/1813-9450-6193

Hammerschmid, Gerhard et al. 2016. Public Sector Reforms in Europe: The View from the
Top.

Hanson, Kara. 2015. RISE Working Paper 15/003 - What Can Education Systems Research

Learn from Health Systems Research? www.gov.uk/dfid-research-outputs/rise-working-
paper-15-003-what-can-education-systems-research-learn-from-health-systems-research.

34



Hansen, H., Andersen, O. W., & White, H. 2011. Impact evaluation of infrastructure
interventions. Journal of Development Effectiveness.
http://doi.org/10.1080/19439342.2011.547659

Hanushek, Eric A. 1986. The Economics of Schooling: Production and Efficiency in Public
Schools. Journal of Economic Literature 24 3: 1141-77.

Hanushek, Eric A. 2003. The Failure of Input-Based Schooling Policies. Economic Journal
113(485): F64- F98.

Hanushek, Eric A., and Ludger Woessmann. 2009. Do Better Schools Lead to More Growth?
Cognitive Skills, Economic Outcomes, and Causation. National Bureau of Economic
Research, Inc, NBER Working Papers, 14633.

Hanushek, Eric, and Ludger Woessmann. 2007. Education Quality and Economic Growth.
Washington, DC: World Bank.

Harris, G. (2010). Seeking Sustainability in an Age of Complexity. Journal of Environmental
Management and Tourism, 1(1), 63—78. http://doi.org/10.1017/CB0O9780511815140

Hawe, P., Shiell, A., & Riley, T. 2004. Complex interventions: how “out of control” can a
randomised controlled trial be? BMJ, 328(7455), 1561.
https://doi.org/10.1136/bm;j.328.7455.1561

Hawe, P. 2015. Lessons from Complex Interventions to Improve Health. Annual Review of
Public Health, 36, 307-323.

Heller, P. S. 1982. 4 model of the demand for medical and health services in Peninsular
Malaysia. Social Science & Medicine, 16(3), 267-284. https://doi.org/10.1016/0277-
9536(82)90337-9

Hirsch, G., Homer, J., Evans, E., & Zielinski, A. 2010. 4 system dynamics model for
planning cardiovascular disease interventions. American Journal of Public Health, 100(4),
616. https://doi.org/10.2105/AJPH.2009.159434

J. J. Bissell. 2017. Resilience of UK infrastructure—POST Note. Parliamentary Office of
Science and Technology (POST), London, U.K., POST Note (362), 2010.Jones, R. N.,
Patwardhan

Foundations for Decision Making. In Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change (pp. 195-228).
http://doi.org/10.1017/CBO9781107415379.007

35



Kalra, N., Hallegatte, S., Lempert, R., Brown, C., Fozzard, A., Gill, S., & Shah, A. (2015).
Agreeing on Robust Decisions New Processes for Decision Making Under Deep Uncertainty.
World Bank Policy Research Working Paper, No. 6906(June).
http://doi.org/doi:10.1596/1813-9450-6906

Kremer, M., & Holla, A. (2009). Improving Education in the Developing World: What Have
We Learned from Randomized Evaluations?, /(1), 513-542.
https://doi.org/10.1146/annurev.economics.050708.143323

Law, E. P., Diemont, S. A. W., & Toland, T. R. 2017. 4 sustainability comparison of green
infrastructure interventions using emergy evaluation. Journal of Cleaner Production.
http://doi.org/10.1016/j.jclepro.2016.12.039

Lempert, R. J., Groves, D. G., Popper, S. W., & Bankes, S. C. 2006. 4 General, Analytic
Method for Generating Robust Strategies and Narrative Scenarios. Management Science.
http://doi.org/10.1287/mnsc.1050.0472

Lempert, R. J., Kalra, N., Peyraud, S., Mao, Z., Tan, S. B., Cira, D., & Lotsch, A. 2013.
Ensuring Robust Flood Risk Management in Ho Chi Minh City. World Bank.

Lempert, R. J., Popper, S. W., & Bankes, S. C. 2003. Shaping the Next One Hundred Years:
New Methods for Quantitative, Long-Term Policy Analysis. Technological Forecasting and
Social Change. http://doi.org/10.1016/j.techfore.2003.09.006

Lempert, R., Scheffran, J., & Sprinz, D. F. 2009. Methods for Long-Term Environmental
Policy Challenges. Global Environmental Politics, 9(3), 106—133.
http://doi.org/10.1162/glep.2009.9.3.106

Lewis, T. G. 2006. Critical Infrastructure Protection in Homeland Security: Defending a
Networked Nation. http://doi.org/10.1002/0471789542

Lich, K., Ginexi, E., Osgood, N., & Mabry, P. 2013. 4 Call to Address Complexity in
Prevention Science Research. Prevention Science, 14(3), 279-289.
https://doi.org/10.1007/s11121-012-0285-2

Litvack, J. 1., & Bodart, C.1993. User fees plus quality equals improved access to health
care: Results of a field experiment in Cameroon. Social Science & Medicine, 37(3), 369-383.
https://doi.org/10.1016/0277-9536(93)90267-8

Maglio, P. P., & Mabry, P. L. 2011. Agent-Based Models and Systems Science Approaches to

Public Health. American Journal of Preventive Medicine, 40(3), 392-394.
https://doi.org/10.1016/j.amepre.2010.11.010

36



Mackenzie, M., Koshy, P., Leslie, W., Lean, M., & Hankey, C. 2009. Getting beyond
outcomes: A realist approach to help understand the impact of a nutritional intervention
during smoking cessation. European Journal of Clinical Nutrition, 63, 1136-1142.

Macinko, J., de Fatima Marinho de Souza, M., Guanais, F. C., & Da Silva Simdes, C. C.
2007. Going to scale with community-based primary care: An analysis of the family health
program and infant mortality in Brazil, 1999-2004. Social Science & Medicine, 65(10),
2070-2080. https://doi.org/10.1016/j.socscimed.2007.06.028

Marchal, B., Van Belle, S., Van Olmen, J., Hoerée, T., & Kegels, G. 2012. Is realist
evaluation keeping its promise? A review of published empirical studies in the field of health
systems research. Evaluation, 18(2), 192-212.

Marchal, B., Westhorp, G., Wong, G., Van Belle, S., Greenhalgh, T., Kegels, G., & Pawson,
R. 2013. Realist RCTs of complex interventions — An oxymoron. Social Science & Medicine,
94, 124—128. https://doi.org/10.1016/j.socscimed.2013.06.025

Medical Research Council. 2000. 4 framework for the development and evaluation of
randomised controlled trials for complex interventions to improve health. London: MRC,
2000.

Mcdaniel, R., Lanham, H., & Anderson, R. 2009. Implications of complex adaptive systems
theory for the design of research on health care organizations. Health Care Management
Review, 34(2), 191. https://doi.org/10.1097/HMR.0b013e31819c8b38

Moore, Mark. 2015. Creating Efficient, Effective, and Just Educational Systems through
Multi-Sector Strategies of Reform. RISE Working Paper 15/004, Research on Improving
Systems of Education, Blavatnik School of Government, Oxford University, Oxford, U.K

Newman, John L., Elizabeth M. King, and Husein Abdul- Hamid. 2016. The Quality of
Education Systems and Education Outcomes. Background Paper: The Learning Generation,
International Commission on Financing Global Education Opportunity, New Y ork.

Otto, A., Hall, J. W., Hickford, A. J., Nicholls, R. J., Alderson, D., & Barr, S. 2016. 4

quantified system-of systems modeling framework for robust national infrastructure
planning. IEEE Systems Journal, 10(2), 11. http://doi.org/10.1109/JSYST.2014.2361157

Ouyang, M. 2014. Review on modeling and simulation of interdependent critical
infrastructure systems. Reliability Engineering and System Safety.

http://doi.org/10.1016/j.ress.2013.06.040

Pawson, R., & Tilley, N. 1997. Realistic evaluation. London; Thousand Oaks, Calif.: Sage.

37



Pederson, P., Dudenhoeffer, D., Hartley, S., & Permann, M. 2006. Critical infrastructure
interdependency modeling: a survey of US and international research. Idaho National
Laboratory, (August), 1-20. http://doi.org/10.2172/911792

Pepinsky, T. B., Pierskalla, J. H., & Sacks, A. 2017. Bureaucracy and Service Delivery.
Annual Review of Political Science. 20, 249-268. https://doi.org/10.1146/annurev-polisci-
051215-022705

Pritchett, Lant, and Justin Sandefur. 2015. Learning from Experiments when Context Matters.
American Economic Review: Papers and Proceedings 105(5): 471-75

Pritchett, Lant. 2015a. RISE Working Paper 15/005 - Creating Education Systems Coherent
for Learning Outcomes. Rise Programme. www.riseprogramme.org/publications/rise-
working-paper-15005-creating-education-systems-coherent-learning-outcomes.

Pritchett, Lant. 2015b. RISE: Research on Improving Systems of Education — Information
Meeting for Bidders. YouTube, 9 July 2015, www.youtube.com/watch?v=dEQTUDhtMXg.

Pritchett, Lant. 2018. What We Learned from Our RISE Baseline Diagnostic Exercise. Rise
Programme. www .riseprogramme.org/blog/baseline diagnostic_exercise 1.

Rinaldi, S. M., Peerenboom, J. P., & Kelly, T. K. 2001. Identifying, understanding, and
analyzing critical infrastructure interdependencies. IEEE Control Systems Magazine.
http://doi.org/10.1109/37.969131

Rogers, Halsey, and Angela Demas. 2013. The What, Why, and How of the Systems
Approach for Better Education Results (SABER). The World Bank, 2 Aug. 2013,
documents.worldbank.org/curated/en/2013/04/18070354/systems-approach-better-education-
results-saber.

Rogers, P., Hacsi, Timothy A., Petrosino, Anthony, & Huebner, Tracy A. 2000. Causal
models in program theory evaluation. New Directions for Evaluation, 2000(87), 47-55.

Rogers, P. J. (2008). Using Programme Theory to Evaluate Complicated and Complex
Aspects of Interventions. Evaluation, 14(1), 29-48.
https://doi.org/10.1177/1356389007084674

Ryan, M. 2004. Discrete choice experiments in health care. BMJ, 328(7436), 360.
https://doi.org/10.1136/bm;j.328.7436.360

Saidi, S., Kattan, L., Jayasinghe, P., Hettiaratchi, P., & Taron, J. 2018. Integrated

infrastructure systems—A review. Sustainable Cities and Society, 36, 1-11.
https://doi.org/10.1016/j.s¢s.2017.09.022

38



Seadon, J. K. 2010. Sustainable waste management systems. Journal of Cleaner Production,
18(16), 1639—-1651. https://doi.org/10.1016/j.jclepro.2010.07.009

Sheikh, K., & Porter, J. 2010. Discursive gaps in the implementation of public health policy
guidelines in India: The case of HIV testing. Social Science & Medicine, 71(11), 2005-2013.
https://doi.org/10.1016/j.socscimed.2010.09.019

Sturmberg, J., & Martin, C. 2009. Complexity and health — yesterday's traditions, tomorrow's
future. Journal of Evaluation in Clinical Practice, 15(3), 543-548.

Tendler, Judith. 1997. Good Governance in the Tropics.

Thacker, S., Pant, R., & Hall, J. W. 2017. System-of-systems formulation and disruption
analysis for multi-scale critical national infrastructures. Reliability Engineering and System
Safety, 167(January 2015), 30—41. http://doi.org/10.1016/j.ress.2017.04.023

Tsofa, B., Molyneux, S., Gilson, L., & Goodman, C. 2017. How does decentralisation affect
health sector planning and financial management? a case study of early effects of devolution
in Kilifi County, Kenya. International Journal for Equity in Health, 16(1), 151.
https://doi.org/10.1186/512939-017-0649-0

Tuominen, A., Tapio, P., Varho, V., Jarvi, T., & Banister, D. 2014. Pluralistic backcasting:

Integrating multiple visions with policy packages for transport climate policy. Futures, 60,
41-58. http://doi.org/10.1016/j.futures.2014.04.014

World Bank. 2014. SABER in Action: An Overview - Strengthening Education Systems to
Achieve Learning for All.
documents.worldbank.org/curated/en/866881468323335358/SABER-in-Action-An-
Overview-Strengthening-Education-Systems-to-Achieve-Learning-for-All.

Walker, S., Gin, W., & Branch, E. S. 2012. CalRecycle Review of Waste-to-Energy and
Avoided Landfill Methane Emissions. Retrieved from
http://dpw.lacounty.gov/epd/conversiontechnology/download/CalRecycle Review of WtE
Avoided Emissions 07032012.pdf

Wilkinson, A., & Eidinow, E. 2008. Evolving practices in environmental scenarios: A new
scenario typology. Environmental Research Letters. http://doi.org/10.1088/1748-
9326/3/4/045017

Wilkinson, A., & Eidinow, E. 2008. Evolving practices in environmental scenarios: a new
scenario typology. Environmental Research Letters, 3(45017). http://doi.org/10.1088/1748-
9326/3/4/045017

39



Woo-Cumings, M. (1999). The developmental state. London: Cornell University Press.

World Bank. 2018. World Development Report 2018: Learning to Realize Education’s
Promise. Washington, DC: World Bank. https://doi.org/10.1596/978-1-4648-1096-1

World Health Organization. 2002. Strengthening Health Systems: The Role and Promise of
Health Policy and Systems Research. www.who.int/alliance-
hpsr/resources/publications/hssfr/en/.

Woldehanna, Tessew, and Mesele W. Araya. 2017. Early Investment in Preschool and
Completion of Secondary Education in Ethiopia: Lessons From Young
Lives. www.younglives.org.uk, 8 Mar. 2017, www.younglives.org.uk/node/8415.

Xiao, N., Sharman, R., Rao, H. R., & Upadhyaya, S. J. 2008. Infrastructure
interdependencies modeling and analysis - A review and synthesis. In 14th Americas
Conference on Information Systems, AMCIS 2008.

Zhang, P., & Peeta, S. 2011. 4 generalized modeling framework to analyze interdependencies
among infrastructure systems. Transportation Research Part B: Methodological.
http://doi.org/10.1016/j.trb.2010.10.001

40



