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ARTICLE INFO ABSTRACT
Keywords: Complex socio-technical challenges, often referred to as grand challenges or wicked problems, lack a robust
Grand challenges method for their holistic framing. Current approaches to framing fall into two primary categories. On one hand,
Complex problem framing models grounded in reductionist perspectives tend to oversimplify the problems and thus fall short of capturing

Comprehensive success factor analysis (CSFA)
Complex problem structuring

Knowledge representation

International development

the true complexity that must be understood to make tangible progress. On the other, notable attempts to achieve
holism are more effective at incorporating contextual nuance, but still lack systematicity to identify and drive
effective inclusion of critical issues, and also tend to suffer from the inherent bias of select expert input. In this
article, we report on an extension of holistic problem framing techniques called comprehensive success factor
analysis (CSFA) that makes-sense of web-mined information reflective of both expert and general population
perspectives as well as pattern-informed ontological knowledge organization structure, to yield ‘richer pictures’
of grand challenges. This method has been developed and refined over a seven-year period by application to
a variety of distinct socio-technical challenges, and emphasizes that framing complex problems requires one to
embrace multiple levels of abstraction, a plurality of perspectives, careful contextualization, and an overarching
system view. The CSFA method results in ‘success factor trees’ that are more comprehensive than seen otherwise
and present a holistic view of the essential factors that need to be considered when engaging in large scale socio-
technical problems. The success factor trees provide common grounds for meaningful collaboration and discourse
on grand challenges, facilitate more informed resource allocation decisions, and provide guidance for designing
solutions through careful consideration of system factors that are not always apparent. The paper illustrates CSFA
applied to the challenge of ‘food security for a nation in a low- to middle-income country context’ to ascertain the
value of the approach and finds that it results in a robust view of the challenge that greatly exceeds perspectives
arrived at in the literature using current framing methods, on dimensions of scope, levels of abstraction, plurality,
and context detail.

Abbreviations: Risks Report [2], and the UN’s millennium sustainable development
CSFA Comprehensive Success Factor Analysis goals [3], tackling complex socio-technical challenges is one of the
SSM Soft Systems Methodology more important objectives of our time. Challenges of water availabil-
MBSE  Model-based Systems Engineering ity, food security, management of smart cities, and the future of work
USAID  United States Agency for International Development in a world involving smart technologies and artificial intelligence serve
PSM Problem Structuring Methods as prime examples, are studied across disciplines such as public policy,
SCA Strategic Choice Approach economics, law, engineering, and the social sciences, and lie at the core
SODA Strategic Options Development and Analysis of the agenda for international development. Complex socio-technical
AHP Analytical Hierarchy Process problems of this caliber, which have been variously termed grand chal-
SEO Search Engine Optimization lenges, major, complex, and wicked problems in the literature [4-7],

tend to defy straightforward examination due to their numerous stake-
holders, multi-disciplinary grounding, and obstacle laden context [8].
These challenges typically involve an inhomogeneous environment with
multiple problem tiers and varying exchanges of influence, resources,
and capabilities among the many involved stakeholders [9]. In addi-
tion, the complex system that characterizes these interactions is fraught
with uncertainty [10]. A major obstacle to addressing grand challenges

* Corresponding author. is thus their framing, which is an initial step determining the extent of

E-mail address: jvs@purdue.edu (J.V. Sinfield). interrelated issues to be covered in any effort to address them.

1. Introduction

As evident in the National Academy of Engineering’s (NAE) call to
action on grand challenges [1], the World Economic Forum’s Global
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Existing techniques employed to address grand challenges implicitly
cover this initial framing process but suffer from several critical limita-
tions such as an oversimplification of complex problems rooted in reduc-
tionism [11], and an overwhelming reliance on expertise for the framing
exercise, thereby leading to less than ideal framing. Herein, we report
on Comprehensive Success Factor Analysis (CSFA) - a method to aid in
framing complex socio-technical problems using a pattern informed on-
tology (the CSFA framework), and the mining of publicly available data
(populating the CSFA framework) with the goal of developing a holistic
perspective on the breadth of factors critical to a successfully operating
system [12]. These factors take the form of a ‘success factor tree’ which
organizes critical categories of factors in the system likely to be relevant
to address the challenge being studied.

This technique has evolved over a seven-year period involving col-
laboration between the authors’ research team and partner organiza-
tions on application of CSFA to an array of grand challenge problems.
Specific challenges explored include collaborations to identify means
to make medication for infectious diseases available and accessible for
those in need in the context of low- to middle-income nations; work
with a Purdue University research team pursuing solutions to potable
water availability in villages in the Dominican Republic; and an effort
with CommonWealth Kitchen - an organization in the greater Boston
area that works to help address challenges of poverty and opportu-
nity access among disenfranchised populations in metropolitan areas.
These problems were explored longitudinally through multiple annual
offerings of a full-semester graduate course called Breakthrough Think-
ing for Complex Challenges which is administered at Purdue Univer-
sity, and through targeted research and field work. Coupled with ex-
tensive review of innovation, design, and systems literature, the above-
mentioned activities led to the identification of a repeating pattern of
challenge-agnostic elements at the core of grand challenges, which fos-
tered a method to build ‘success factor trees’ for complex challenges
that were more comprehensive than typically obtained. The generaliz-
able nature of the observed pattern elements and repeatability of the
process provides confidence to call CSFA a ‘method’.

When applied to a specific challenge, CSFA yields a reference point
or ideal state system to achieve commonly acceptable outcomes, and
thus provides the topical stimuli necessary for dialogue on the specific
priorities that might require attention for a system that is not yet func-
tioning desirably. While other techniques such as the SSM recommend
painting a ‘rich picture’ [13-15], the CSFA method helps paint a ‘richer
picture’ at a relatively quicker pace. We do not claim that CSFA is a sub-
stitute for discussion or expertise, but rather an input dependent method
complementing manual techniques and augmenting experts’ discussion-
based efforts. We observe that employing CSFA alongside traditional
discussion-based methods leads to a ‘richer’ starting point for subsequent
stakeholder dialogue. In addition, examining success factors also helps
contextualize a problem space so that individual actors and institutions
can position their effort within a broader landscape of actors, and poten-
tially make more informed decisions on the set of actions that may be
necessary to ensure their specific efforts yield desired outcomes. Thus,
CSFA enhances the framing process, fostering a more holistic view of
complex challenges.

The CSFA process is currently being used in efforts to assist USAID
and its implementation partners in identifying research initiatives that
could advance progress on issues of high importance in low- and middle-
income countries as part of a USAID cooperative agreement with a Pur-
due University-led consortium termed LASER (Long-term Assistance and
Services for Research) PULSE (Partners for University-Led Solutions En-
gine).

2. Theory
Complex challenges have been described as ‘messes’ [16] due to

their tendency to involve several interacting components, dynamic na-
ture, and plurality, which create hurdles to solutions [17,18]. Broadly,
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two distinct approaches have been employed in attempts to manage this
complexity.

The first, rooted in a reductionist perspective, seeks to understand
the influences of specific variables on the system by placing emphasis
on the constituent parts of the system rather than the whole [12]. The
rationale behind these strategies is that complex problems can easily
become logically intractable, and therefore reducing the scope of the
challenge by making logical assumptions about influences could lead to
actionable answers, albeit for specific parts of the complex challenge.
However, this view falls short of capturing the true breadth of issues
affecting the system and therefore inevitably discounts factors that ul-
timately do affect the functioning of the system, resulting in behavior
that was not expected or predicted even for the isolated partial system.
Reductionist methods are useful primarily when the abstracted system
is highly controlled. Thus, although helpful when a comprehensive un-
derstanding of the problem already exists, reductionist methods are not
generally effective for the framing exercise itself.

Model-based systems engineering (MBSE) techniques are part of this
family of reduction-oriented methods and operate over a wide range
of specificity. For instance, Systems Dynamics models, Stock-Flow dia-
grams, and Fuzzy Cognitive Maps [19,20], operate at a broader level,
whereas more quantitative models of processes such as precise stake-
holder exchange processes (e.g., of resources) are detailed and narrower
in their formulation. Alternatively, modelling systems bottom-up and
focusing on the interaction between ‘actors/agents’ and the ‘environ-
ment’ in which they operate is termed agent-based modelling [21,22].
While this technique has the potential to identify emergence in the sys-
tem [23], it requires several bounds to keep models computationally
tractable. Furthermore, agent behaviors as well as environment behav-
iors are controlled and often do not accurately capture the breadth of
factors that might impact an agent’s decision making. As a result, ap-
proaches rooted in reductionism tend to only limitedly acknowledge or
capture reality, including the characteristic ‘deep uncertainty’ [24,25]
of complex socio-technical challenges, and thereby omit important prob-
lem features often resulting in the development of solutions that fail to
scale, miss the root cause, or offer only temporary relief [26]. Lastly,
MBSEs tend to ignore the ‘human’ component [20,21] leaving this for
another class of systems approaches called ‘soft systems methodologies
(SSM)'.

As the limitations of reductionist approaches have come to light, oth-
ers have explored means to achieve greater holism, particularly through
enhanced information gathering and the collection of expert input and
stakeholder perspectives to “construct meaning” [27] or better define
the problem in an ill-defined setting [28]. These methods rooted in the
holism school of thought form the second set of useful approaches to
manage complexity. Many of the approaches pursued to achieve holism
draw on the theory of social constructionism which seeks to achieve
shared meaning about the world (in this case the system) through coor-
dinated interpretation of multiple perspectives [29]. To fulfill this ob-
jective, a host of problem structuring methods (PSM) [30] and issue
prioritization methods have been employed.

Originating in operations research, PSMs have evolved to meet the
need for an information-rich problem structuring approach. Soft Sys-
tems Methodology (SSM), issue prioritization methods [13,14], Strate-
gic Choice Approach (SCA), Scenario Planning, Strategic Options Devel-
opment and Analysis (SODA), and Robustness Analysis [17,20] fall into
this family and have their distinct strengths and weaknesses [15,31].
Scenario planning frames a problem as a particular set of scenarios
to consider, while exploring compatibility with other processes in the
decision-making or design-oriented task, but tends to be bound by the
spectrum of studied scenarios [19]. Other techniques focus heavily on
the thought processes of individuals and the creation of a common lan-
guage with which to explore problems, but are not intended to foster a
holistic view. For instance, SODA draws further on psychology schools
of thought, emphasizing subjectivism, to recognize individual personal
views of a problem, but again fails to enable comprehensiveness [32].
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The Soft Systems Methodology (SSM) - an evolved methodology within
Systems Thinking - is said to be able to grasp the breadth of complex
challenges and has a role to play in addressing them holistically [13,14];
and while SSM advocates ‘problem framing’ followed by ‘issue genera-
tion’ to gain this perspective, it does not elaborate on a method to frame
a challenge holistically. This is where a comprehensive framing by using
CSFA is contributory.

In a complex ambiguous setting like that typically associated with
grand challenges, current PSMs to achieve holism in the framing of
a problem bring multiple benefits to bear in identifying key features,
and developing a deeper understanding of the problem in terms of rel-
evant stakeholder perspectives [17]. However, they remain highly de-
pendent upon the stakeholder perspectives collected. Techniques such
as in-depth-interviews, workshop-based methods, and Delphi panels are
typically used with the aim of gathering unique inputs that can be inte-
grated to more fully define the problem.

Further, processes to spur brainstorming and decision making, such
as causal influence diagram development [33], the Analytical Hierarchy
Process (AHP) [34], and decision tree generation, are often used to as-
sist with decision making under ambiguity. The effectiveness of causal-
influence diagrams depends on the completeness of information avail-
able [35]. Traditional AHP is straightforward to apply across contexts
and is capable of incorporating objective and subjective nuances, but
finds its limitations when the variables considered are interdependent
[36]. In the case of complex challenges, the intricately interconnected
system does not allow for the ready application of this method. Further,
it has been recommended that AHP be used in conjunction with other
problem structuring methods (PSMs) to develop a hierarchical problem
structure [36]. Decision trees, of course, are only as good as the scope of
potential considerations that they contain. Thus, again, these techniques
rely heavily on expertise or subjective judgement [33,37]. In fact, meth-
ods attempting to develop more holistic perspectives informed by expert
judgement, all involve a group of experts participating in interactive
processes to provide input. While this seems intuitive and is founded on
the notion that expertise is earned through years of topical focus, it also
carries with it the experts’ biases. Unfortunately, methods adopted to
extract expertise for use in complex problem framing reinforce the bias
[38]. For example, techniques such as in-depth-interviewing, workshop-
based methods, and Delphi panels depend critically on the constitution
of the panel of experts [31,39].

Experts can base their judgement on heuristics [40], which are built
up through their experiences. Heuristic thinking has proven advantages,
but it is also known to potentially generate systematic errors in judgment
due to pre-existing biases [41]. In addition to underlying assumptions
in perspectives that may go unrecorded until they create limitations in
the future [42], another challenge that arises here is that experts tend
to create problem frames using the tools and language with which they
are most familiar [43]. Arriving at a consensus regarding the problem
requires alignment of multiple problem frames and resolution of discrep-
ancies among individual perspectives of the problem, and brings in the
question of who should be involved [15]. Furthermore, it is evidenced
that confidence and consensus among experts are linked to contextual
information provided to them. For instance, excess contextual informa-
tion has been shown to provide better consensus and more confidence
in decision-making among experts [44]. Ultimately, existing problem
framing approaches profoundly rely upon relatively small sets of inter-
actions to extract what amounts to limited information, rather than the
vast sources of documented information that are available in the printed
and digital realm [45].

A holistically framed challenge should account for the comprehen-
sive set of issues that act as hurdles to drive tangible impact [46,47].
Without a tool or systematic methodology that guides development of a
holistic perspective, framing efforts are likely to fall short of capturing
the true breadth of variables that play a role in a given problem space.
The CSFA method overcomes these documented limitations of existing
framing methods for complex challenges by building on perspectives
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from various fields of study and providing a means to limit bias while
highlighting what could otherswise be unknowns, supporting expert dia-
log, and providing a holistic perspective to facilitate collaborative efforts
toward addressing grand challenges.

2.1. Rethinking grand challenge framing

In light of the above discussion, it is evident that there are several
critical limitations to existing approaches to problem structuring. Specif-
ically, they fall into two categories. The first is the inappropriate use of
techniques belonging to the reductionist school. As described above, re-
ductionist techniques are useful when applied to controlled sub-systems
discovered post comprehensive framing. The second is the overwhelm-
ing reliance of PSMs on expertise, and therefore an inevitable expert
bias that shapes the framing of challenges. Table 1 below highlights four
specific dimensions along which currently used techniques (belonging
to the above-mentioned categories) tend to fall short.

The framing process delineates bounds around a subject such that
attention can be focused on the components encapsulated within the
frame while excluding those outside it [48]. However, as there exists
no ideal process for framing complex socio-technical challenges, it must
be guided by a philosophical premise. Our approach is guided by the
evidence outlined above which suggests that current framing efforts
lack holism and their focus is likely to be misguided due to a biased
view of the complex challenge either in favor of that which can be
modelled or that familiar to the experts. Therefore, in our view, dur-
ing the framing stage, systems thinkers must lean toward increasing
scope rather than reducing scope. In addition, our approach to fram-
ing is based on embracing the plurality of the challenge and taking a
knowledge/information-based approach to framing. A typical framing
exercise should involve experts from various fields whose perspectives
would then shape the challenge and its sub-parts to be addressed. In
addition to traditional expert opinion, we also advocate inclusion of
the perspectives of the general populous, who are critical stakehold-
ers in the socio-technical system. The underlying premise is that so-
ciety/people build, utilize, and benefit from systems, and are there-
fore its primary stakeholders. In today’s society, people- ‘the collective
of agents/actors’- generate information including dis/satisfactory senti-
ments about the system that are expressed in many venues, including
social media platforms. With roughly 3.2 billion people having internet
access, greater than 1 billion daily active users on major social media
platforms and more than 1.2 billion people using major search services
daily, digital social input cannot be disregarded, and rather becomes a
resource for identifying matters of importance to society. For instance,
studies of keyword searches on search engines have been conducted in
relation to several socio-technical system level issues ranging from jobs
and local economies [49] to the COVID-19 pandemic [50]. Given that
systems are built of people, by people, and for people, it is only prudent
to utilize their expression through data generated on digital media plat-
forms to inform expert and stakeholder discussion while framing grand
challenges. Therefore, our approach informs expertise with inputs gath-
ered from peer-reviewed publications from academic and institutional
databases, as well as non-reviewed social trends from a sub-set of digital
media platforms.

The CSFA method augments PSM techniques and belongs to the
holism school of thought. However, we are of the view that most use-
ful is a constructionist perspective i.e., one which incorporates useful
aspects of all methods (and thus perspectives) at appropriate phases of
analysis. With regards to problem scope, reductionist methods actively
seek to reduce scope whereas holistic methods rely on experts to define
coverage of scope. Both these views are problematic from our viewpoint
as firstly we think that reducing scope is useful but not until in the later
phases of the problem-solving exercise where a cleaner understanding
of cross-component effects and accurate and suitable aggregated proxy
estimations for effects are known. Secondly, expertise should be aug-
mented with social data such that expert perspective gets further shaped
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Table 1
CSFA differentiators relative to traditional framing approaches.
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Dimension of advance Status-quo

Limitation of status-quo

Solution adopted in CSFA

Plurality of perspective Reductionist: do not intentionally

explore plurality

Holistic: consider plurality as a
disadvantage, and therefore

consolidate perspectives into a ‘shared

understanding’ of the problem. [38]

Level of abstraction Reductionist: work at singular levels
(System Dynamics at broader level,
process models at more discrete

levels) [12,23]

Holistic: tend to not explicitly use
analysis at multiple abstraction levels

Reductionist: tend to focus on a
single, often generalized context

Contextualization

Holistic: utilize expertise to formulate
context. For example, ‘rich picture’ in
SSM.

Scope Reductionist: actively reduce scope

[12].

Holistic: rely on experts to define and
capture scope [12].

Lack of plurality

Attempts to overcome plurality

Complex socio-technical challenges
are multi-level. Singular level
solutions are unlikely to succeed.

Multiple abstraction levels are
required to capture plurality of
interconnected systems [51]

Most complex challenges involve
multiple variations of context and
thus the transferability of narrowly
contextualized solutions is limited

Require expertise at each stage as
contexts vary, ‘rich pictures’ need to
be modified [19,20].

CSFA is in favor of information excess
rather than information parsimony.
CSFA embraces plurality via
incorporation of multiple disciplinary
views (P20E?TS), digitally mined
insights from literature and in-context
stakeholder perspectives, as well as
several iterative interactions between
participating experts, who are aided
by organized presentation of captured
perspectives.

CSFA explicitly fosters exploration of
success factors at multiple abstraction
levels. For instance, for socio-technical
challenges, CSFA operates at
individual, household, community,
regional, and national levels.

CSFA facilitates robust exploration of
contextual variation by a) defining
stakeholder sets comprehensively, b)
detailing the specific resource
availability and barriers to solution
development and adoption (skill,
wealth, access, time, behavior,
attitude and belief) that may vary by

context across the problem space, and
c) exploring these factors at varying
levels of abstraction.

Reducing scope too early can miss
critical aspects of a challenge

Scope is systematically addressed
through a structured taxonomy of
success factors, and reduction in
scope is only considered post-framing
of a challenge.

Experts are a proxy for capturing
broad scope and inputs are dependent
upon experts involved.

Expert inputs are augmented with
data/ digitally mined insights from
literature and in-context stakeholder
perspectives. Again, CSFA is in favor of
information excess rather than
information parsimony.

by contextual information, thereby focusing the design of solutions with
an understanding of contextual factors. We believe doing so leads to
fewer implementation issues and increases the chances of solution suc-
cess. Thus, in the spirit of holism, we propose that during the framing
stage, systems thinkers should lean toward increasing scope rather than
reducing it.

In addition to scope expansion, it is important to correctly map in-
teractions between various system elements, as multilevel interactions
are characteristic of complex socio-technical challenges. In CSFA, we
explicitly perform the framing process at various levels of abstraction
to think of potential issue implications between levels as well as stake-
holders interacting at the various levels. This is not the case for either
reductionist methods, which operate at singular levels, or traditional
methods attempting to achieve holism, which do not explicitly call for
analysis across levels of abstraction. Plurality of perspective is a closely
connected idea. It generally means accepting a range of perspectives of
the same system and is often correlated to the multiplicity of stakehold-
ers who use the system in consideration. CSFA embraces the idea of plu-
rality of perspectives and achieves it via both broad digital data gather-
ing, and several iterative interactions between expert participants from
a range of vocations, operating at various system levels. This cannot
be said for either reductionist approaches or typical approaches target-

ing holism, which actively seek to contain the plurality of perspectives
by being selective (reductionist) or consolidating them into a shared
perspective (holism methods). Thus, they seek information parsimony
whereas CSFA seeks information excess in the framing process.

3. Method

Building on the identified gaps in problem framing described above,
herein we put forward a new approach to problem framing — a method
termed CSFA. The CSFA method was developed overtime from theory
and practical application, and its components were informed through
the discovery of patterns commonly appearing in successful innova-
tion systems, many of which are reinforced in the theoretical schools
of thought of design and innovation, as articulated below. In the fol-
lowing sections, we detail the methodological framework at the core of
CSFA which prescribes specific viewing lenses through which a complex
challenge can be examined (3.1), and the procedure employed to apply
this framework to specific complex challenges (3.2). This latter activ-
ity increases the depth of problem framing and involves a combination
of inputs from experts as well as broader stakeholders that can be dis-
covered in several ways, including from publicly available data. Thus,
the method is an iterative process of knowledge (or information) dis-
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covery and information organization guided by the overarching CSFA
framework.

3.1. A Structure for Grand Challenge Knowledge Representation

Knowledge-based framing of a socio-technical system encounters
complexity similar to that witnessed in other domains that require
knowledge organization such as language mapping and semantic net-
works, species categorization, big data organization, and world wide
web information organization. One of the classical approaches to knowl-
edge representation is through ontology building [52,53]. Ontologies
are relation-defining structures that link pieces of information (a cat
‘is a’ feline, a tiger and cat ‘are both’ pathera tigris, and/or ‘both pos-
sess’ a furry tail) based on object feature information, thereby enabling
identification of an object of interest without prior knowledge of its ex-
istence. Additionally, they aid in future categorization of newly discov-
ered/invented objects. An ontology for characterizing a complex socio-
technical system helps to structure seemingly disconnected varied infor-
mation about numerous sub-systems, reduces the possibility of missing
key sub-system components, and increases the possibility of discovering
latent interconnections. The CSFA framework is intended to play this
role thereby allowing us to capture and organize information rapidly.

The underlying structure of CSFA, which provides guidance of en-
quiry in the problem framing activity, was informed through the exami-
nation of innovations that have had an impact of a scale and significance
similar to that likely required to address grand challenges [54-56], and
was later reinforced through application over multiple separate real-
life framing efforts mentioned above. The integrated fields of design
and innovation deal with problems that share characteristics with grand
challenges [57]; and the approach typically used to structure ambiguity
in these domains involves identifying patterns and themes in a system
[58]. A common theme observed in innovation literature indicates that
innovation impact is driven by adoption [54,55,59-62]. In other fields
that grapple with grand challenges, this process is termed implementa-
tion, research translation [46], or closing the “know-do” gap [47]. The
adoption process includes multiple stages, is facilitated by communica-
tion and the availability of resources, and is motivated by the needs,
attitudes and behaviors of the beneficiary population. Additionally, it is
influenced by external systemic forces such as political, economic and
social factors [63]. Thus, achieving adoption - that is having impact -
requires an understanding of the system elements required to realize
impact, and insight into these elements can be built upon several key
concepts from theories of design and diffusion of innovation.

First, as briefly explained in the paragraph above, there is no impact
without adoption of a solution by involved stakeholders [54,56,59,62].
Underlying the notion of adoption is an inherent requirement that stake-
holders have a true need and acknowledge that that need exists. With
the awareness and acknowledgement of a need, comes the potential
for motivation to address it.

Second, changes, both in desired outcome and the environment of
solution application, alter the path to solutions. The link between prob-
lem space and solution space is well accepted in the design community
[64], and highlights the importance of accounting for purpose and con-
text when addressing any challenge, especially those of great complex-
ity. Exploration of context, in particular, typically elucidates barriers
that may be faced by intended beneficiaries of a solution, which guide
solution design choices that enable access to a solution, and often fall
into categories of skill, wealth, access, time, behavior, attitude, and be-
lief [65] .

Third, the successful translation of a solution requires a linkage of
significant factors that span what is sometimes termed the “transla-
tion chain” (or consumption funnel) [66]. Developed solutions must
be made context-relevant (overcoming the barriers described above) on
a context-by-context basis. Then potential beneficiaries of the solution
must be able to gain awareness of the solution, access it, fit the solu-
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tion into their lives, and help establish the acceptability of the solution,
possibly to the level of advocacy [66].

Fourth, addressing grand challenges requires multi-level reform and
is predicated on the existence of a secure and stable context. If this
foundation does not exist, it is likely the major priority, else the solu-
tion effort becomes one of acute rather than chronic need falling more
aptly in the domain of emergency or crisis response [67]. Similarly, ad-
dressing complex challenges at scale typically requires engagement of
supportive and influential leadership [68]. Leadership involvement
can take many forms - such as governance, policy, and regulation, and
spans individual, household, community, regional, and/or national lev-
els. Importantly, the expressed goals and actions of involved leaders
must be aligned and influential on the broader set of stakeholders to
address a challenge impactfully.

Fifth, the variables of a system give it dynamism and need to be
acquired via resource expenditure. At the most fundamental level, re-
sources (which may include money, capabilities, infrastructure, facili-
ties, and relationships) must be available to provide value or a supply
chain connecting inputs to outputs that yield value/impact [69,70]. Mo-
bilizing this requires enabling methods and limited-time resources
[71]. Once functioning, self-sustaining mechanisms such as private
sector engagement or additional long-term resources are required to
ensure a sustainable approach encompassing technical, operational, eco-
nomic, environmental, and cultural factors. The systems must posses
properties of resilience and sustainability in a dynamic context [72].

Sixth and finally, the effects of problems as well as impact of so-
lutions at one level are likely to affect the system at other (perhaps
not immediately apparent) system levels. Traditionally in policy, lev-
els are abstracted in societal terms such as national, regional, com-
munity, household, individual levels, which makes a relatable way
to visualize the system. Hence, we include the multilevel representa-
tion of issues as a hierarchy for the ontological structure. The design
community characterizes macro forces affecting wicked socio-technical
challenges and includes the psychology of human behavior and cog-
nition; social, political and economic frameworks; and technical issues
[63] as significant forces. We adopt their recommendation and extend
it to include ‘psychology’, ‘physiology’, ‘politics’, ‘operations’, ‘educa-
tion’, ‘environment’, ‘economy’, ‘technology’, and ‘sociology’, as over-
arching viewing lenses that give us broad perspectives on the state of
a variable. For simplicity, we give the overarching view the acronym
P30ETS.

These observed themes give rise to four categories of success factors
that can be further sub-divided into 16 total elements which form the
base of the CSFA ontological structure. At the highest level, as shown
in Figure 1, the system is composed of elements that make up the so-
lution (a combination of organization, operations, and dynamic prop-
erties) and another set of elements that characterize the user and ac-
tors that are/will be engaged in the management, development, de-
livery, and use of the solution. The solution consists of fundamental
and constant ‘organizational’ elements as well as in-motion and desired
‘operations’ elements representing activity within the system. Organiza-
tional elements form a foundation for development support - ‘security
and safety’; ‘policy’; ‘leadership’; and ‘stakeholder interactions’. They
are typically present and are necessary regardless of the context of the
challenge at hand. The operations elements include desired variables
‘infrastructure’; ‘equipment and supplies’; ‘workforce and talent’; ‘cap-
ital and finances’; and ‘practices and mechanisms’. These are desired
but not guaranteed requiring them to be built/accumulated, and there-
fore, consume resources. Specifically, operational elements require two
types of resources a). resources to start-up operations, and b). resources
to sustain operations, and these need not (and often are not) the same.
The users and actors category contains elements that are important for
impactful action, that is for the expansion of the reach and impact of
the intended action. It includes measurable and evaluable outcomes and
learning; awareness and access; motivation; adoption and habit conver-
sion; and retention, loyalty, and advocacy. Lastly, changes in the system
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overtime are affected by dynamic properties that constitute elements of
‘sustainability’ and ‘resilience’.

In summary, the framework (represented in Fig. 1) can be employed
to initiate exploration of a specific challenge with an aim to holisti-
cally frame the grand challenge. Each of the challenge-agnostic elements
constituting the framework are explained in detail the following para-
graphs.

With the above theoretical underpinnings, generalizable views of
each of the 16 challenge-agnostic elements are detailed below, noting
that these descriptions are provided as guides to exploration in the prob-
lem framing exercise. For any given challenge, each of these elements is
expounded upon through processes outlined in the methods subsection
3.2 below:

Security and safety: This category covers aspects pertaining to main-
tenance of the state of security and safety for all actors in the context
and to provision of a conducive environment for solution generation.
Elements that could fall within this category are safety of vulnerable
populations, risk management, conflict resolution mechanisms, crime
and corruption mitigation mechanisms, workforce safety concerns, en-
vironmental safety, and information safety.

Policy: Policies are a formal set of guidelines that direct operations
within a governed region. The policy category, therefore, helps frame
the overarching understanding of existing goals and outcomes in the re-
gion, and formal guidelines related to governing paths to achieve desired
goals.

Government: An engaged and supportive government/leadership is
necessary to drive change (at scale) and see to the creation and imple-
mentation of policies. This category frames factors such as the legisla-
tive, executive, and legal structures of the country; the commitment of
the leadership towards solving the challenge at hand, government bod-
ies that need to be in place for management of the system, and the over-
all government structure (centralized versus decentralized) along with
mechanisms of cooperation among different levels.

Stakeholder interactions: The stakeholder interactions section cap-
tures internal system interactions. This is characterized by capturing the
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Fig. 1. The CSFA framework contains 16 challenge-agnostic elements
that were observed to be shared across mulitple challenges of a nature
similar to that of complex socio-technical challenges. They are orga-
nized into 4 categories - the organization, operations, users and ac-
tors, dynamic properties, along with 9 overarching viewing lenses-
P30E3TS, and 5 abstraction levels- national, regional, community,
household and individual level- form the ontological structure for the
success factor tree building exercise.

TletsTEEEY

various types of stakeholders present in the system in terms of roles and
responsibilities that they carry out, as well as the types of positive and
negative interactions that may take place among them.

Infrastructure: This category includes the different infrastructure ca-
pabilities required to support value chain processes and related in-
stitutional, organizational and other supporting processes to facili-
tate solution delivery to the beneficiary population. Infrastructure
needs for a solution that may be product-based (e.g., manufactur-
ing infrastructure) would be different than those required to sup-
port a digital solution, for example. This category aims to capture
these infrastructure facilities to envision a realistic and applicable
solution.

Equipment and Supplies: Just as infrastructure needs exist for different
demands and types of solutions, on a smaller scale equipment and sup-
plies are required to support the infrastructure and sustain value chain
operations. This section delves into the details of types of equipment
and supplies required to perform different critical operations within the
system.

Workforce and Talent: Here, the workforce development process is
highlighted. This includes, for example, the need for a specific work-
force to drive system processes, the progression of training the work-
force to fulfill these roles, generation of interest in roles that need to be
filled in the system, placement of individuals within the system as per
their skillset and ability to contribute, and provision of fulfilling and
rewarding jobs with benefits that help the workforce meet their needs.

Capital and Finance: Capital and finance mechanisms enable the eco-
nomics of the system to function. This element category highlights that
start-up finances and sustaining finances are distinct and need to be
accounted for separately, along with other macro and micro-economic
factors.

Practices: To enable the best outcome, tools and facilities provided
should be put to their intended use. This category encourages explo-
ration of ideal practices in the operating system that can achieve the
required social, economic, health and/or environmental outcomes for
the context.
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Awareness: A population needs awareness regarding its existing con-
ditions, knowledge of the possibility of improvement, and means to im-
prove. This category contains factors that substantiate the acknowledge-
ment of the existence of a problem as well as awareness building mech-
anisms that are necessary to drive change.

Motivation: Intrinsic and extrinsic motivators drive populations to
adopt desired habits and practices. This section can be used to explore
existing attitudes and beliefs towards change and the means to manage
it strategically.

Enabling strategies: Barriers to adoption and change are commonplace
in development. This section can be employed to explore the different
types of barriers that can be encountered during the adoption process,
which, if overcome, contribute towards achieving the desired system
state.

Adoption/Habit conversion: The last stage in the translation process
is related to adoption, retention and advocacy for new solutions, prac-
tices, habits and/or processes. Adoption is reflected through progress
towards set goals to overcome existing challenges. Achieving this re-
quires that key stakeholders, including beneficiary populations, are en-
couraged and/or incentivized to accept their roles and responsibilities
involving possibly new practices and behaviors in favor of improvement
in existing conditions.

Measurement and Evaluation: The effective functioning of the system
depends on careful monitoring of its operations. Various indicators need
to be defined and monitored to gather information for learning and im-
provement where necessary. This section can be used to frame details
on the indicators that are required for these purposes.

Sustainability: The overall system needs to be able to sustain functions
and processes in the long-term. This section probes key areas to assess
system sustainability measures without which long-term plans may face
limitations.

Resilience: Sudden shocks and long-term stressors, which can vary in
intensity, duration, frequency of occurrence, and scope, can cause large
impacts on progress. This section studies elements of resilience that help
protect the system and overcome negative impacts, which are catego-
rized into ‘sensing’ as planning and anticipation; ‘response’ as imple-
mentation and performance measurement; and ‘learning’ as feedback,
and adaptation.

Collectively, the 16 elements, P30E3TS and abstraction levels form
the bases of our ontological structure- the CSFA framework. Figuratively
speaking, they can be viewed as the roots of the resultant success fac-
tor trees. This ontology serves as a methodological guide to iteratively
organize information gathered from multiple sources when performing
CSFA on a particular challenge.

3.2. Populating the ontological structure to build a holistic success factor
tree

The next step in building a comprehensive view of the system is pop-
ulating the ontological structure with relevant, current and historical,
and context-specific information which forms the branches and leaves
of the success factor tree. To do this, we employ digital search. Key-
words are at the core of information search and retrieval programs
that help connect users to relevant information on both academic as
well as commercial data platforms. Academic perspectives on the chal-
lenge can be curated by searching for keywords ‘related’ to the 16
pattern elements that surface from theory and in-field observations in
well-established academic databases. The resulting set of related words
would typically include synonyms, hypernyms, hyponyms, associations
as well as keyword suggestions by academic journal curators. Next, we
iterate over this set of words to create word pairs of the structure ‘root
word’ + ‘related word’ (e.g.- infrastructure sector, infrastructure mod-
ernization, infrastructure deterioration, infrastructure costs and so on
for the root success factor ‘infrastructure’). The new set of keyword pairs
are then viewed in the context of the challenge at hand and used to
drive searches of a broad array of literature (e.g., peer-reviewed jour-
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nals, institution/agency reports, professional publications) to gather and
include the plurality of perspectives. In addition, for relevant informa-
tion retrieval from commercial data platforms, we apply the logic that
regionally popular keywords as provided by search engine optimization
(SEQ) tools are a fair approximation of the trending searches of the re-
gion. This is justified because the goal of an SEO provider is to gener-
ate the top trending keywords and related keywords through studying
web traffic and user search patterns. Our approach thus is to utilize this
information, along with historically accumulated knowledge, to popu-
late our ontological structure with contextually relevant issues, thereby
supporting (or refuting) long held knowledge and insights with current
information.

The information categorization is aided by semantic relationships be-
tween the information and the nodes of the ontology. Relations mostly
belong to the ‘verb’ part of speech and their main role is in helping es-
tablish links between the subject/s, object/s and their features as shown
in Table S1 of the supplementary materials. The enlisted 40 relations
are chosen based on digital dictionaries and broader open-source work
in representational knowledge in the field of computational linguistics
[73] in order to build a link to data-mining as a method to populate the
ontology. Fig. 2 is a conceptual representation of the CSFA method.

4. Results
4.1. Application of the method to frame a grand challenge

The ontology-driven method described above was applied to the
grand challenge of achieving ‘food security for a nation in a low- to
middle-income country context’.

4.1.1. Incorporation of plurality in problem-framing

In the context of food security, PPOE3TS was used to systematically
identify and frame interconnected variables. For instance, considering
workforce in the food system - the political and economic lenses speak
to the importance of having policies to incentivize availability of jobs
for the workforce, the operations and technology lenses provide scope
for framing employment within the system, the education lens indicates
the need for training programs, and the psychology lens provides insight
into to the need to motivate the workforce to engage in the system. Simi-
lar processes were applied to other categories and variables throughout
the framing process. In addition, keyword search processes that were
employed to gather information further enhanced the incorporation of
perspectives of various stakeholders and experts that operate within the
system.

4.1.2. Encompassing levels of abstraction

The challenge of food security was examined at individual, house-
hold, community, region, and national population levels. When applied
in the framing process, this gave rise to different practices and disparate
food value chains based on subsistence farming practices [74] that cater
to individuals and households, small-holder farming [75] that can cater
to the community level, and commercial farming [76] that caters to re-
gional and national populations. Among the operations elements, these
levels enabled the framing of food value chains to include different
segments based on the scale of demand and type of food (crop-based,
animal-based, aquatic or marine-based). It also highlighted the impor-
tant interconnections between levels of the system that link to labor,
economics, and policy decisions.

4.1.3. Contextualizing the ontology

While framing the complex challenge of food security at a country
level, the process began by using academic databases to curate a list
of ‘related’ words to the 16 elements of the grand challenge knowledge
representation framework. Table S2 presents the obtained curated list
of keywords.
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rules. The branches, sub-branches and leaves for the tree are expanded success factors obtained after recursive organization. The corresponding process components

are shown.

Next, simple searches relevant to this topic such as “food security”,
“food delivery”, “food ecosystem”, “food process” and about 100 more
were performed. As expected, each of these led to numerous results. We
then scanned the results and added linked keywords from both academic
databases as well as popular trends, thereby beginning to populate the
ontological structure leading to a first draft of the multilevel success
factors that relate to the food security grand challenge. This was done
recursively and each time, the reordering of terms led to one of three
states: 1). Information that fit well into a node of the ontology, 2). Vali-
dation or contradiction of previously discovered and arranged informa-
tion, which led to rearrangement if necessary, or 3). Information that
did not fit well in any node and prompted us to create a ‘new home’ for
the information in the ontology. Multiple iterations were carried out to
develop a strong ontological structure contextualized to food security in
a low- to middle-income nation context.

4.1.4. Achieving scope

A description of variables that were encountered and classified
among individual factor categories of the CSFA knowledge representa-
tion framework is provided below to highlight the scope of the analysis:

Security and Safety: This section covers aspects of risk management
in the food system, such as risks associated with climate variability,
economic variability, and perishable food items [77]; Standard Oper-
ating Procedures related to hygienic handling of consumable products
to maintain quality [78]; corruption and conflict mitigation mechanisms
where necessary to overcome negative societal influences on the func-
tioning of food system [79,80]; and safety of the workforce through
provision of benefits such as health coverage and labor protections.

Policy: The policy section of the success factor tree frames the need to
understand food security in the low- to middle-income nation context in
terms of pre-defined goals and outcomes [81]; guidelines specific to food
value chain entities [78] guidelines on import, export and trade to meet

food demands within the nation [78]; health and nutrition aspects for
consumers [82]; partnerships within the food system [83]; and general
implementation as well as degree of flexibility in updating these existing
polices [82].

Government: In the context of food security, this category frames fac-
tors such as the commitment of the leadership in generating equitable
access to food; budget allocations towards creating food security; gov-
ernment bodies that need to be in place for management of the food sys-
tem; and collaborative efforts across different levels of the government
structure, both horizontally and vertically, to allow for the unhindered
operation of the food system [84].

Stakeholder Interactions: The stakeholder interactions section maps
required stakeholders that enable food security such as formal and infor-
mal local and national leaders (e.g., government, influencers of change)
[47,84]; the workforce which plays critical roles in the food value chain
(agriculturists, food processors and distributors) as well as those that
support activities that enhance food security (technology providers,
healthcare workers, researchers, NGOs and other partners); and drivers
of food demand (i.e., consumers); stabilizers or stakeholders who are
experts at managing variability in the system (climate predictors, econ-
omy assessment agents, emergency response personnel) [85]. Beyond
this, interactions between these multi-tiered entities have also been out-
lined in terms of positive and negative interactions, wherein positive in-
teractions (such as cooperation, partnerships and healthy market com-
petition) are encouraged in the food system and measures to mitigate
negative interactions (such as conflicts or disputes) are framed to bring
out the best outcome in connection with achieving food security in the
nation [86,87].

Infrastructure: This category frames the different infrastructure ca-
pabilities required along separate value chain segments (food sourc-
ing, food processing, storage, distribution and waste management) to
meet the demands of different food types such that their quality and
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nutrition value may be preserved when delivered to a consumer [88-
90]. Further, it also showcases the dependencies of the food system
on supporting infrastructure such as communication, water, electricity,
and education infrastructure, that can help strengthen food systems in
parallel [91].

Equipment and Supplies: This section speaks to the technological
and raw material requirements to perform different critical operations
within the food system for different demand scales and types of food,
such as farming equipment for agricultural practices; raw materials (e.g.,
fertilizer, seeds, water), and other similar requirements for pastoral
farming or aquaculture practices, as well as equipment and supplies nec-
essary for harvest processing, storage and distribution [88-90].

Workforce and Talent: The food system workforce may be classified
according to skill or based on capacities at which they work [86,87].
Training or education facilities to impart specific skillsets vital to the
food system workforce in addition to availability of employment oppor-
tunities and mechanisms to place trained individuals in a contributing
position in the food value chain are identified as key factors for work-
force development. Further, supporting workforce members such as re-
searchers or private sector and non-profit entities also have a role to
play and are included here [92].

Capital and Finance: With a start-up versus sustaining finances lens,
this section explores adequate access to finances and other assets such
as land, machinery and labor to smoothly run operations along the food
value chain segments so that food demand across the nation is met. In
addition to delving into the various types of financial requirements in
the food system, this section outlines protection measures that can be
taken for different stakeholders in the system to manage financial risks
[75,81,93,94].

Practices: This section of the success factor tree frames ideal prac-
tices in the food system that can help achieve progress towards the de-
sired outcome of food security and adequate nutrition in the country.
For example, ideal agricultural practices involving climate adaptation
techniques [75,95] (when performed in combination with other ideal
external factors like high quality seeds, fertile land, skilled labor) can
yield a good crop. Similarly, ideal practices exist for processing, stor-
age and distribution of different food types such as drying practices for
grains [96] or cold storage practices for meat, fish and dairy [97]. These
factors are captured in detail in this section.

Awareness: To bring about food security with adequate nutrition,
the population needs to be made aware of different factors related to
food. Downstream, beneficiary populations or consumers, in general,
need to be aware of safe consumption practices (e.g., the best tech-
niques to cook certain foods to preserve their nutrients or how to check
for adulteration or food that may have perished before purchase) along
with nutritional benefits of different foods (e.g., avoid foods with excess
salt or sugar content) and the importance of a balanced diet in order to
make informed decisions about the types of food they consume [98,99].
Leadership needs to be aware of the functioning of the food system to
drive policy development or implementation, and quality assessments
as necessary [100]. The workforce needs to be aware of best practices,
guidelines for food quality standards, and requirements charted for the
regions and scales at which they operate [83,101]. These elements have
been described in this section along with those factors, such as appro-
priate communication channels and content for specific audiences, that
can enable generation of awareness among them [85,102,103].

Motivation: To achieve food security and nutrition in the country,
the population needs to be motivated to make the right choices that ul-
timately enable adoption of desired practices and achievement of food
security [66,67,98,104]. Once they are informed about their choices,
a study of their prevailing internal attitudes and beliefs towards de-
sired food-related practices and habits [105] can provide insight into
the need for and type of interventions to extrinsically motivate the
population to adopt healthy habits and practices [103]. This section
frames assessment mechanisms and strategies to facilitate the adoption
process.
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Enabling Resources: Barriers to adoption of practices that can facili-
tate food security when encountered are placed in this category. Several
barriers such as those faced in farming practices [106], or the economics
of the food system [107,108], cultural ideals [109] or social inequalities
[110] that prevent access to adequate food for all are framed in this sec-
tion. These often are the underlying bottlenecks to adoption and impact
development in food security contexts.

Adoption and Habit Conversion: Successful adoption of desired
habits and practices in the food system generates measurable impact in
the form of a healthy, well-fed population with lower mortality rates
caused by malnutrition or hunger apart from other dimensions. The
adoption/habit conversion section of the tree has been framed to de-
pict this positive shift in the functioning of the food system that drives
the system to continue to improve and maintain food security across the
country through technology adoptions and improvement in agriculture
practices [111], evidence-based government decisions [112], access to
and consumption of adequate nutritious food by beneficiary populations
[113] and upholding of quality and hygiene standards by food system
workforce [114].

Measurement and Evaluation: Monitoring of the food system has
been structured based on sets of indicators that measure different as-
pects of the system outputs as well as outcomes in terms of health and
mortality rates among children and adults. The major branches of this
section describe indicators to measure improvements in nutritional con-
sumption, food accessibility, stability in food security, uptake of nutri-
tious food, indicators of the existence of double burden, and indicators
of impact [112,115,116].

Sustainability: Sustainability in the food system has been framed
across the five population levels such that all system functions and
processes beginning with sourcing food, through processing, storage,
distribution of food, and waste management are sustainable so that
they target and achieve food security across the country by planning
for long term demand. This further includes that organizations and
institutions that play crucial roles in the food system are sustainable
[86,89,117,118].

Resilience: This section indicates the need for sensing, response, and
learning mechanisms specific to the adaptation process including plan-
ning, anticipation, implementation, performance measurement, feed-
back, and transformation, which play an important role in managing
short and long-term shocks and stressors that impact the food system
[75,117].

4.2. Resulting success factor tree

The result of applying the above described method is a success factor
tree constructed to frame the challenge of food security in the context of
a developing nation and is provided in Table S3 supplementary to this
paper. The tree encompasses 1000+ success factors that detail various
features of the challenge under scrutiny in the form of branches and
leaves rooted in the 16 elements depicted in Figure 1. To enable ease of
navigation for readers, each section of the success factor tree (Table S3)
is accompanied by a dendrogram that provides a brief overview of its
contents. The individual dendrograms highlight branches within each
section (text provided in color) followed by a list of keywords found
within each branch (text provided within parentheses). Figure 3 below
consolidates all of the dendrograms in the supplemented tree to pro-
vide readers with an overview of the substantial array of factors and
perspectives generated through this method.

The resulting success factor tree is framed such that when oriented
bottom-up, all factors listed within a branch typically need to be true
for the main branch to hold true. Further, the success factors have been
framed in a positive light so as to depict an ideal system state where
the challenge of food insecurity has been overcome, i.e., food security
exists across the nation. Therefore, when viewed top-down, the tree is
structured such that for the condition of food security in the nation to be
true, a list of factors that contribute to its success are featured in detail.
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5. Discussion

We broadly searched the literature on the topic of ‘national food se-
curity’ and discovered studies that covered a single or a few parts of
the CSFA ontology. For instance, the bulk of the focus in the literature
was laid on system level elements — Policy [85,117,119,120], Security
[74,121], Sustainability [121,122], Resilience [75,117,120,122], and
Leadership [120,121,123,124]. Furthermore, another strong focus was
on operational elements - Resources [95,100,120], Economics [74,121],
and Supply-chain and distribution [95,117,124,125]. Lastly, only a lim-
ited number of studies focused on the social side of the socio-technical
challenge [87,104,126,127]. All studies investigated covered individ-
ual elements or small groups of connected elements, at one or two lev-
els of abstraction, and no study connected all of these critical elements
[128-131]. This also highlights the disparate manner in which grand
challenges are addressed in scholarly conversations. CSFA in contrast,
is constructionist by property and in approach, and thus logically links
all elements into one broad and encompassing framework. As demon-

strated by the success factor tree, grand challenge elements cannot be
addressed in isolation. The CSFA framework intentionally aggregates
these disparate elements into one holistic lens.

The process of using a pattern initiated ontological structure, rele-
vant information retrieval from databases, and manual synthesis helped
us generate a ‘richer picture’ and be more holistic than typically possible
in framing a complex challenge. This is because rich picture develop-
ment in traditional problem solving methods leads to identification of
interrelated issues that typically number in the double-digits, whereas
CSFA applied to the national food security challenge leads to a success
factor tree with 1000+ interrelated and critical factors. Therefore, CSFA
provides a robust means to develop a more comprehensively framed and
less biased framing of a grand challenge.

We wish to emphasize that the CSFA technique is not a fully auto-
mated method that yields a perfectly framed grand challenge, nor can it
substitute the thought process necessary to formulate the critical parts
of an acceptably functioning system. However, it aids systems designers
and experts in being considerably more comprehensive while muddling
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through [38] the process of building a holistic understaning of a chal-
lenge. It does so by firstly filling data holes in the framed challenge;
secondly, by giving the system designer starting points (a branch) that
may be used to begin the search for (leaves) via an iterative organiz-
ing process; and/or thirdly (and often), by providing leaves (success
factors) themselves. In addition, it enables the unearthing of potential
interconnections between seemingly disjointed system components, and
the process highlights potential gaps where either missing information
or insights can initiate a direction to call for research. Clearly, there are
overlaps while organizing information into the ontological structure,
but the objective here is to ensure information capture and not perfect
organization - i.e., if unavoidable, we trade-off mutual exclusivity for
collective exhaustivity.

5.1. Limitations

The limitations of utilizing the CSFA method for problem framing are
quite apparent: a). the approach does not eliminate the need for manual
observation and thought processes, rather it simply helps organize it,
b). adding objects to an ontology may lead to an exponential increase in
interconnections, and c). bounding an ontology necessitates trade-offs
that might make it less than perfect. However, beyond these limitations,
this approach still yields improvements over an unstructured pursuit of
information that would require later coordination. Arguing specifically,
a). the latest of machine general intelligence has not evolved enough
to capture contextual nuances in an unsupervised manner. Hence, a
manual process is unavoidable, but a computer aided manual process
is better than an unaided one, b). interconnections grow rapidly as ob-
jects increase and hence, in our method, we rely on patterns observed
in the mentioned exercises that form a limited set of core ontological
components as described above, and c). a perfect and/or complete on-
tology does not exist, but an ontology that satisfices its purpose may be
created such that it captures adequate breadth of information given a
maintained level of organizational clarity, capturing obvious intercon-
nections while leaving room to build non-obvious ones, thereby provid-
ing a structure to which information can be added easily.

5.2. Applications

This method has been applied in problem framing processes to an-
alyze the multi-tiered and interconnected scope of issues related to
region-specific development challenges. Challenges explored to date en-
compass a). working with small volunteer efforts with non-profits in
well-defined settings, b). experiential learning work at the community
scale in developing contexts, and c¢). rigorous examination of issues
of national and/or multi-national importance for numerous countries
around the globe [132]. In all of these activities, the framework has
broadened analysis perspectives, helped identify critical research ques-
tions, and facilitated decision-making and resource allocation.

In addition to those applications listed above, the method has found
value in educational contexts to teach complex problem analysis to more
than one hundred graduate students across multiple colleges through
course work at a university level, and has informed capacity-building
workshops to impart training to approximately three hundred develop-
ment actors working in international development to facilitate the use
of systems thinking approaches and identification of potential collabo-
rators to address challenges in their specific fields of work.

The true value of the method is in its scalability across levels of ab-
straction, in contextualization to specific in-field situations, and in ele-
vating the viewpoint of development actors to realize their interdepen-
dencies, which are natural to grand challenges.

6. Conclusion

This paper highlights gaps in the traditional methods to address com-
plex socio technical challenges which often fall short of completeness.
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Specifically, current methods lack comprehensiveness in framing exer-
cises. This is because complex challenges are inherently difficult to nav-
igate with their numerous stakeholders and interconnections. Herein,
we explain the need for a more comprehensive framing of such prob-
lems so as to accurately understand the breadth of stakeholders and the
diversity of interconnectedness of the complex system being addressed.
CSFA achieves this by comprehensively capturing factors along the di-
mensions of scope, levels of abstraction, plurality, and context detail.
In addition, we offer a method, based in a broad framework supported
by data mining and knowledge structuring, that leads to a more com-
prehensive framing exercise. The CSFA method involves application of
a 16 element framework that is generalized and applicable to frame any
socio-technical grand challenge. When used in conjunction with data
and information, the CSFA method results in success factor trees that
can inform dialogue among experts/teams addressing grand challenges.
We show that success factor trees are extensive in their framing of the
breadth of interdependent stakeholder issues and their interactions of-
fering the potential for a more robust effort to address them.

We demonstrate the application of CSFA to the challenge of achiev-
ing a system for food security in a nation. Traditional problem struc-
turing techniques similar to the Soft Systems Methodology are likely to
depend heavily on workshop-type interactions and discussions among
a group of experts who will develop a ‘rich picture’ of the challenge.
These traditional methods will inevitably suffer from expert bias. While
expertise is necessary, effort must be dedicated to reduce the expert bias
as much as possible. Utilizing the CSFA method is likely to reduce this
expert bias by offering inputs from a broader set of perspectives that will
enrich the interaction of engaged parties and thereby lead to a ‘richer
picture’. In addition, we believe the method provides researchers and
practitioners with a greater sense of their role and contribution in the
space of a challenge, helps expose the full expanse of activities required
to address grand challenges, and serves as a starting point for dialogue
on means to address grand challenges holistically. At the same time, we
hope that this comprehensive view reinforces the call for convergent ef-
forts expounded by many agencies that foster research, and encourages
deep collaboration among all too often siloed disciplines, as the CSFA
readily highlights the merit and necessity for multiple perspectives to
address complex socio-technical problems.

In conclusion, we reiterate that there is limited value in efforts that
hope to solve grand challenges without first holistically framing them.
The CSFA method is a new approach to aid the research and practi-
tioner communities in comprehensively framing a grand challenge. We
describe the class of problems for which CSFA is suited as a framing
technique. By using CSFA, researchers can develop a more complete un-
derstanding of the parts of a complex socio technical system that need
to be considered to achieve desired outcomes.
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