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Abstract
The long-term success or failure of a strategic project is largely shaped by its context. Therefore, the assessment of the 
external factors influencing the fulfilment of project long-term goals is vital for the effective project appraisal and planning.

However, many projects are embedded in a complex, dynamic, and multi-stakeholder environment creating a condition 
of severe uncertainty. These aspects make both the assessment of a project context and the prediction of the outcomes 
challenging. In the face of these challenges, the overall aim of this thesis is to propose both conceptual thinking and practical 
approaches for the project context analysis.

To this end, the presented work has adopted a design science research and formal approaches from the fields of systems 
analysis, risk assessment and decision sciences, to systematically understand the problems of the context analysis, and 
to develop and evaluate the solutions. This thesis presents novel methods for assessing project context, which have been 
implemented in the following decision support tools:

• a tool for strategic fit assessment,
• a tool for context factor analysis,
• a tool for corporate reputation risk assessment,
• a toolkit for stakeholder-based impact assessment of a policy,
• a toolkit for assessing intervention strategies in pandemics.

The proposed methods have been applied and evaluated in case-studies within various domains, such as business 
strategy, development aid, energy policy, and public healthcare. These studies have demonstrated the adequacy and
usefulness of the proposed methods for supporting decision making in situations with varying levels of uncertainty. This
indicates the potential of the methods to improve the effectiveness of the project appraisal practice.

This research has concluded that a project context is a multi-faceted concept, and, thus, no single method is capable of the
comprehensive assessment. Instead, an assembly of specialised but complementary approaches is required to adequately
model and assess both the various aspects of the context and the uncertainties of different types.
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Sammanfattning

Ett strategiskt projekts långsiktiga framgång eller misslyckande formas till stor
del av dess sammanhang. Därför är bedömningen av externa faktorer som på-
verkar uppfyllandet av projektets långsiktiga mål avgörande för projektets be-
dömning och planering.

Många projekt genomförs i en komplex och dynamisk miljö med flera in-
tressenter, vilket medför att projektet utförs under extrem osäkerhet. Dessa
aspekter innebär en stor utmaning för bedömningen av ett projekts kontext och
för att förutse dess utfall. Mot bakgrund av dessa utmaningar är de övergri-
pande målen för denna avhandling att föreslå både konceptuellt tänkande och
praktiska tillvägagångssätt för analys av projektens kontext.

För detta ändamål har det presenterade arbetet antagit en designvetenskap-
lig ansats, formella metoder från systemanalys, riskbedömning och besluts-
vetenskap, för att systematiskt förstå problemen med analys av kontext och
vidare för att utveckla och utvärdera lösningarna. I denna avhandling presen-
teras nya metoder för att bedöma projektkontext, vilka har implementerats i
följande beslutsstödverktyg:

• ett verktyg för strategisk passformbedömning,

• ett verktyg för analys av kontextfaktorer,

• ett verktyg för bedömning av företagets rykte,

• en verktygslåda för intressenters konsekvensbedömning av en policy,

• en verktygslåda för att bedöma interventionsstrategier i pandemier.

De föreslagna metoderna har tillämpats och utvärderats i fallstudier in-
om olika områden, såsom affärsstrategi, utvecklingsbistånd, energipolitik och
folkhälsa. Dessa studier har visat att de föreslagna metoderna är adekvata och
användbara för att stödja beslutsfattande i situationer med olika osäkerhetsni-
våer. Detta indikerar potentialen i metoderna för att förbättra effektiviteten i
utvärdering av projekt.

Denna forskning har dragit slutsatsen att en projektkontext är ett mång-
facetterat koncept, och att det därför inte finns någon enskild metod som kan
göra en omfattande bedömning. Istället krävs en samling specialiserade men
kompletterande metoder för att på ett adekvat sätt modellera och bedöma både
de olika aspekterna av sammanhanget och olika typer av osäkerhet.
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1. Introduction

The scope of project management as a discipline has evolved from a set of
tools for managing temporal production operations, such as in construction
and engineering, to a comprehensive approach for managing all sorts of unique
change initiatives. Coupled with the Theory of Change [116], the project ap-
proach has become a crucial means for formulating and executing long-term
organisational strategies and socio-economic interventions. It has been suc-
cessfully adopted in such fields as R&D, the public sector, international aid
development, and many others.

One feature of the projects in such domains is that the desired effects of
the project are usually realised long after the project is finished. Such projects
are called strategic for their focus on delivering long-term benefits rather than
immediate outputs [91]. To achieve the long-term goals of a strategic project,
the whole life-cycle should be carefully considered, which involves the need to
consider the potential impact of the project’s environment and broader context
on the fulfilment of the goals. Yet the practical assessment of the context poses
vast challenges.

The context of strategic projects is a complex, uncertain, and, often, multi-
stakeholder environment [96], thus creating conditions often referred to as
deep uncertainty [107]. The formal assessment of these features of the con-
text is not trivial, and conventional project appraisal and risk assessment ap-
proaches are not tailored to handle deep uncertainty.

Therefore, the goal of this thesis is to improve project appraisal practices
by providing both conceptual thinking and new practical methods for assess-
ing the context. The overarching question guiding this thesis is: “How can
context analysis be facilitated to help plan strategic projects?”. The specific
sub-questions are:

Q1 How can the alignment between a project and a strategy of the organisa-
tion be assessed?

Q2 How can the impact of the external context on the project outcomes and
success be assessed?

Q3 How can the project risks created by differences in the stakeholders’
preferences, interests, and expectations be assessed?
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2. Background

2.1 Project context

2.1.1 Research on context in project management

A project can be defined as a temporary organisation to which resources are
assigned to do work to bring about beneficial change [85, Premise 1]. Over
the recent decades the scope of project management has rapidly evolved from
a set of concepts and tools for planning and control of temporary activities to
a distinct management discipline in business and society[34], while the notion
of “projectification” has emerged to reflect the fact that projects have become
a common form of work organisation [75].

Hanisch and Wald [25] suggested a framework for research on project
management. The framework represents an input–output process involving
three dimensions: design, context, and goal. These dimensions are distinct
entities in terms of their content, but are not independent of each other. Each
of these dimensions consists of several subdimensions, containing important
factors influencing project management, as depicted in Figure 2.1.

April 2011 ■ Project Management Journal ■ DOI: 10.1002/pmj  9

design dimension, as they can be
adapted in the short or long term (atti-
tudes, definition, organization, people,
sponsorship, and systems). Turner’s
context force can be seen as the source
of the subdimensions complexity,
dynamics, and uncertainty in our
model. As Turner focuses on forces
affecting projects, the goal dimension is
not considered.

In our opinion, the proposed project
management research framework distin-
guishes itself from related contributions
through the following characteristics:

• more intense consideration of project
context (context as the project environ-
ment in a broader sense; for example,
the market environment of the corpora-
tion as one possible source of complexi-
ty, dynamics, and uncertainty [context
dimension], but also the immediate
project environment [the surrounding
organization] in the influenceable
sphere of the design dimension);

• strong interdependencies between
(sub)dimensions;

• aiming not to explain project success
in a narrow sense, but to analyze the

effects of projects on their surround-
ings and the effects of the surround-
ings on projects; and

• possibility to easily derive a multitude
of research questions from the frame-
work (research agenda).

Design Dimension
The design dimension reflects the
endogenous factors of project manage-
ment that underlie the influences of
corporate and project management.
Those factors can be manipulated in
the short or long term, with the latter
being the target for sustainable change,
which one-time measures cannot
achieve (Rahmandad, 2008). We label
the first dimension “Design” as it con-
veys the possibility of influencing and
altering these subdimensions:
• strategy and structure (D1),
• project management and project

organization (D2), and
• culture and social processes (D3)

Strategy and structure. Strategy and
structure represents the permanent
environment in which a project as a
temporary organization is embedded.
This includes insights from organization

Bredillet, 2007a,

2007b, 2007c, Turner, 

Crawford, 2008a, 2008b, 2006a,

Pollack, & 2008c; Turner, Shenhar 2006b, Winter, Smith, 

England Huemann, Anbari, Söderlund, Söderlund, & Dvir, 2006c, Morris, & Cicmil, 

(2006) & Bredillet, 2010 2004a 2004b 2007a, 2007b 2006d 2006

Specific • comprehensive • comprehensive • comprehensive • comprehensive • examples for • approach • introducing further 
features literature review literature review literature review literature review integration of following research streams

• taking into • implicitly  • introducing • introducing interdisciplinary mathematical • integration of 
account similar considering questions further theories logic practitioners in the 
previous project context for further research process of identifying 
studies research streams research directions

• comprehensive view

Areas not • past-oriented • overlapping • project context • past-oriented • derivation of • no directions for • project context not 
explicitly • narrow view of schools of not considered • consideration considered further research considered
considered/ proposed thought of only a narrow perspectives 
limitations research view of project unclear

directions context • project context 
not considered

• no directions for
further research

Note. All classifications based on the authors’ personal appraisals. !! very strong, ! strong, o intermediate, - less strongly developed, -- rather weakly developed. n/a " not available.

Table 1:(Continued)

Context Dimension (C)

C1 Complexity
C2 Dynamics
C3 Uncertainty

Design Dimension (D)

D1 Strategy & Structure
D2  Project Management &
Project Organization
D3 Culture & Social Processes

Goal Dimension (G)

G1 Value Added
G2 Adaptability

Figure 1:Dimensions of the project management research framework.Figure 2.1: Dimensions of the project management research framework. Repro-
duced from Hanisch and Wald [25] with permission of SAGE publications.

“The Design dimension reflects the endogenous factors that underlie the
influences of corporate and project management. Those factors can be manip-
ulated in the short or long term, with the latter being the target for sustainable
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change, which one-time measures cannot achieve” [25, p.9].
The Goal dimension reflects the project’s goals, i.e., the desired results of

the project, and defines what constitutes the success or failure of the project. It
also investigates the ability for organisational transformation through projects.
This dimension is greatly dependent on the outcomes of the measures selected
in the Design dimension and the external effects stemming from the Context
dimension.

The Context dimension denotes the exogenous factors affecting a project.
Since a project is set up to change an initial situation to a particular desired
state (project goal), its context, therefore, affects the initial setup of the project
as well as its goals and course. The research within this dimension investigates
specific project contexts and their key characteristics, namely Complexity, Dy-
namics, and Uncertainty, and how these affect a project (their definitions and
discussions will be presented in the following sections). Unlike the items in
the Design dimension, these exogenous factors can not be influenced directly.
To successfully attain the project goals, the exogenous factors have to be ad-
dressed and adjusted for within the project management processes, especially
the planning [25].

The suggested framework is useful for understanding, relating and posi-
tioning the studies on project management. This thesis primarily explores the
Context dimension, with the aim of enabling a structured assessment of the
project context. Therefore, project context has to be assessed in connection
with its potential impact on the execution of the project, the fulfilment of the
project’s goals, and thereby the success of the project. Thus, investigating the
direct interaction of the Context dimension with the Goal dimension is un-
avoidable.

Indeed, uncertainty, as a subdimension of the Context, is seen as a source of
risk and arguably poses a major challenge for project appraisal and planning.
Several levels of uncertainty are distinguished in the project management liter-
ature [17], implying the need for various analytical approaches for managing
it. Yet, often project managers and the toolset they use have a restricted focus
on the project aspects of lower levels of uncertainty. Additionally, many view
uncertainty primarily as a source of threats, and thus neglect the other side of
uncertainty – opportunities [108]. Similalry, it is common to have a narrow
view of risks as events, thus ignore the underlying sources of risk [4].

Notably, there is also an indirect Context–Goal interaction through the De-
sign. The subdimensions of the Context affect the Design subdimensions (e.g.,
the organisational strategy and structure are largely shaped by the external en-
vironment [115]), while the Design dimension strongly affects the Goal subdi-
mensions (the strong link between Design and Goal is denoted by a solid line
in Figure 2.1).
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While a deeper investigation of the impact of the Design aspects on the
Goal dimensions is out of the scope of this thesis, a few clarifications are
worthwhile.

As outlined above, the project goals are affected by the Design subdimen-
sions, where of particular interest for this thesis is the D1 Strategy & Struc-
ture. The subdimension D1 Strategy & Structure represents the permanent
environment in which a project as a temporary organisation is embedded. This
subdimension comprises topics like portfolio and multi-project management,
strategic project management, and the project management capabilities of the
corporation. Notably, from the project perspective, these topics define the en-
vironment of the project; thus, they are considered as exogenous factors, or
project context. Therefore, in this thesis I view and explore an organisation
strategy as a project context.

Further, while there are several views on “strategy” [83], I exclusively use
the “strategy as plan” view per Mintzberg’s taxonomy [66] in the context of
this thesis. This views a strategy as a “consciously intended course of action,
a guideline (or set of guidelines) to deal with a situation” [p.11]. A “strategy
as plan” is (1) made in advance of the actions to which it applies, and (2)
developed consciously and purposefully. By this definition, the formulated
strategic goals heavily define the project’s goals, whereas a project itself is an
intended course of action to achieve those goals [23], thus almost inseparable
from the “strategy as plan” per se. This tight connection between a strategy
and a project becomes especially evident in the concept of a strategic project
[91].

The following sections provide an overview of the definitions and studies
related to project context and project success.

2.1.2 The many faces of project context

Intuitively, project context means the exogenous environment within which
the project is being executed, and its goals are being fulfilled. The recognition
of the importance of context is not new in the management domain, see e.g.,
[80]. Despite this, project context has only recently attracted research interest
[26; 44].

The context was long investigated in the strategic and general management
literature (see, e.g., [71]), where contingency theory emerged suggesting that
a better fit between the organisation and its context results in better organisa-
tional performance [65; 69; 106]. Given that a project is viewed as a tempo-
rary organisation [56; 99; 102], contingency theory has found vast application
in project management (see [26] for a comprehensive literature review). Fur-
thermore, any organisational and strategic changes are often implemented in

5



the form of projects, implying that such projects have to consider the organi-
sational environmental factors for their success [79].

Project context analysis starts with the identification and comprehension
of exogenous factors. One dimension through which the exogenous factors
can be differentiated is whether a factor influences a project directly (e.g., the
employed technology, project goals) or indirectly by affecting its environment
(e.g., the economic or political system) [25]. The directly influencing factors
mostly affect the level of difficulty of project tasks and relevance of project
outputs, whereas broader indirect environment factors also influence the risks
and benefits of the project [25, p.12]. To support the identification of indi-
rect environment factors, PEST analysis and its variations, such as PESTLE,
are used. The PESTLE framework comprises the broad conditions and trends
within the Political, Economic, Social, Technological, Legal, and Environmen-
tal categories[113].

Finally, with an opinion of stakeholder theory [21], project context can
be viewed as a multi-stakeholder environment. A stakeholder is defined as
“any group or individual who can affect or is affected by the achievement of
the organisation’s objectives” [21, p.207]. Stakeholder theory suggests that
a project is dependent on different stakeholders (e.g., customers, suppliers,
regulators) as they provide valuable resources to the project. Therefore, project
managers should identify and nurture important stakeholders, as the success of
the project is defined as “one where the stakeholders are satisfied with the
outcomes” [28, p.369].

The issue though is that different stakeholder groups have diverse and often
conflicting values and interests, and therefore different criteria for the project’s
success. This becomes highly significant in public domains. Projects in public
domains, e.g., public policies or socio-economic development interventions,
tend to have broad and largely diverse stakeholder groups. In such a context, a
conflict between the stakeholders’ values is inevitable, yet, the “public accep-
tance” or “legitimacy” of the project is the key resource the stakeholder groups
provide. Thus, the multi-stakeholder view of project context constitutes a plu-
rality of interests, expectations, and perceptions of a project – all of which
project managers have to identify, assess, and take into account when planning
and making decisions.

It’s worth noting that the views presented here on context are not conflict-
ing but complementary. Therefore, for a comprehensive context assessment,
one should combine different views. So, the idea of uniting external factors and
stakeholders has been previously explored in application to corporate strategy
analysis [71] and international development project planning [112].
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2.1.3 Context and project success

The assessment of the project’s context is inseparably linked to the notion of
the project’s success. However, there is a lack of consensus on what consti-
tutes a project’s success, as this term is multi-faceted and difficult to measure.
McLeod et al. [63] summarises the literature on various criteria for project
success, employing three dimensions: process success, product success, or-
ganisational success. The process success criteria focus on the execution of
the project processes and their efficiency. The most well-known success crite-
ria model in this category is the “iron triangle”: project cost, time, and quality.
While the quality criterion is potentially very broad, it is often restricted to
functional and technical specifications [37].

The iron triangle has been criticised for its exclusive focus on the project
management process, thus failing to incorporate the views and expectations
of different stakeholders, as well as the achievement of the project’s goals.
Therefore, the scope of the notion of project success has been progressively
widened to distinguish between the success of the project management and
the success of the project product. The latter includes the benefits created
for immediate stakeholders, and their satisfaction with the project’s outputs
[94; 109].

Organisational success encompasses the fulfilment of strategic organisa-
tional objectives by a project and involves benefits for a wider range of stake-
holders, such as project sponsors, government, and broad social groups. This
also includes creating new strategic capabilities and benefits within the busi-
ness domain, business development or expansion, and the ability to react to
future opportunities or challenges [44; 94]. In the public and international aid
domains, examples include new technological and socio-economic opportuni-
ties created by development interventions.

Notably, these three dimensions address different time frames. The pro-
cess success is short-term, i.e., it can be monitored during the execution phase
and judged almost instantaneously after the project delivery. The product suc-
cess is medium-term and the organisation success is long-term. Therefore, the
evaluation of the project success should be done in connection with the stages
of the life-cycle of the project [3; 94].

However, the time gap between project delivery and accrual of strategic
results makes the evaluation of the longer-term success problematic. First,
the assessment and control of the long-term project outcomes is harder due to
the greater uncertainty about the future. Furthermore, the temporary nature
of the project team makes it impossible to assign to it the responsibility and
control for the broader project objectives and accrual of long-term results [44].
As a consequence, managers and project teams are typically focussed not on
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the long-term outcomes but the “process success” [94]. This phenomenon
emphasises the extreme importance of proper strategic project planning and ex
ante risk assessment for fulfilling broad and long-term success criteria[91].

To conclude, the task of project context analysis not only involves the iden-
tification and comprehension of context factors but requires understanding and
estimating the potential impact of such factors on the project success. This
task, however, is very challenging due to the uncertainty often associated with
projects and their environments.

2.2 Uncertainty in project context assessment

2.2.1 Types of uncertainty

The project’s environment is arguably the biggest source of uncertainty and
challenge for a project appraisal and planning. The notion of uncertainty is
multi-faceted and has taken several meanings and nuances in various fields. An
extensive analysis of the notion, including historical and domain backgrounds,
relevant theories, taxonomies, and methods, is provided elsewhere [1; 68; 97;
104].

In the context of decisionmaking and long-term planning, uncertainty can
be defined as the gap between the available knowledge and the knowledge the
decisionmakers would need in order to make the best choice. This definition of
uncertainty, on the one hand, implies an objective lack of complete knowledge
about the relevant past, current or possible future states of a given system [107].
On the other hand, uncertainty inevitably involves subjectivity, as the degree
of uncertainty is defined by the decision-makers’ satisfaction with the existing
knowledge, whereas the satisfaction is shaped by their underlying values and
perspectives [61].

Uncertainty is pragmatically explored with the aim to asses its impact on a
subject of interest, e.g., to determine how likely certain outcomes are if some
aspects of the system are not exactly known. For the purposes of systems mod-
elling the Intergovernmental Panel On Climate Change [38] considers three
types of uncertainties (see Table 2.1):

• Unpredictability – applicable to complex systems, where the outputs
cannot be easily predicted based on inputs due to complex interactions
between the components within a system.

• Structural uncertainty refers to epistemic uncertainty [50], and is due to
things one could in principle know but doesn’t in practice. The modeller
sees a possibility to reduce structural uncertainty by gathering more data
or by refining the models.
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• Value uncertainty is equivalent to aleatory uncertainty or variability [50]
and is representative of unknowns that differ each time we run the same
experiment; thus, the modeller does not foresee the possibility of reduc-
ing this.

Table 2.1: A typology of uncertainties for systems modeling. Adapted from
Intergovernmental Panel On Climate Change [38].

Type Indicative examples of sources Typical approaches or considerations

Unpredictability Projections of human behaviour not
Unpredictability easily amenable to
prediction (e.g. evolution of political
systems). Chaotic components of complex
systems.

Use of scenarios spanning a plausible
range, clearly stating assumptions, limits
considered, and subjective judgments.
Ranges from ensembles of model runs.

Structural
uncertainty

Inadequate models, incomplete or
competing conceptual frameworks, lack of
agreement on model structure, ambiguous
system boundaries or definitions,
significant processes or relationships
wrongly specified or not considered.

Specify assumptions and system
definitions clearly, compare models with
observations for a range of conditions,
assess maturity of the underlying science
and degree to which understanding is
based on fundamental concepts tested in
other areas.

Value
uncertainty

Missing, inaccurate or non-representative
data, inappropriate spatial or temporal
resolution, poorly known or changing
model parameters.

Analysis of statistical properties of sets of
values (observations, model ensemble
results, etc); bootstrap and hierarchical
statistical tests; comparison of models
with observations.

Unpredictability (or limited predictability) is attributed to the complexity
of a project environment. Indeed, both projects and their environments exhibit
the distinctive properties of complex systems, such as nonlinearity, dynamic
behaviour, and emergence [27]. Complexity stems from the view of a project
context as a system of components interacting in multiple ways. Such compo-
nents can be PESTLE factors [15; 49; 64], or diverse stakeholders’ motivations
and objectives [20]. For estimating the impact of the context on project per-
formance and effective planning, managers have to predict the behaviour of
complex systems; and while they usually have to rely on human reasoning,
there is ample empirical evidence confirming the limits of mental simulations,
to the point of inadequacy [2; 9; 98].

Instead, complexity in projects can be modelled and explored using formal
methods, such as system theoretical thinking [13; 89; 111], fuzzy cognitive
maps [86], influence diagrams [35] [95], Bayesian networks [48], Monte-Carlo
simulation [51], and system dynamics models [57]. Structural uncertainty (or
model discrepancy) is applicable to analytical models and occurs due to sim-
plified assumptions, unknown system boundaries, and the variables that are
intentionally or unintentionally excluded from a model. Model uncertainty
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can be estimated by comparing the model with test data, real-life experiences,
or other more refined models.

Value uncertainty is conventionally estimated with probabilities, either fre-
quentist or subjective, which enables further analysis using probability theory.
Nevertheless, there are other representations of uncertainty, which allows the
formal modelling of various forms of uncertainty, e.g., underlying knowledge
and confidence in judgments, ambiguity, and ignorance. These different repre-
sentations include imprecise probability statements, such as interval estimates
of the probabilities [110] and second-order probabilities [19], possibility the-
ory [67], Dempster–Shafer theory (also known as belief or evidence theory)
[100], fuzzy set theory [114] and fuzzy measures [82]. For instance, fuzzy
set theory [114] enabled the computational analysis with descriptive linguis-
tic variables used for risk probabilities [82] and their consequences (see, e.g.,
[11; 55]).

It is also common to distinguish between stochastic (aleatory) uncertainty –
stemming from the natural variability in samples, and knowledge-based (epis-
temic) uncertainty – representing a lack of knowledge about the fundamental
phenomena [68]. Distinguishing between aleatory and epistemic uncertainties
is particularly useful in probabilistic modelling, as the epistemic uncertainty
can be potentially reduced by gaining better knowledge, while the aleatory un-
certainty is less susceptible to reduction [50]. Furthermore, the quantification
of uncertainty essentially intends to reduce epistemic uncertainties to aleatoric
uncertainties, as the modelling of the latter is relatively straightforward using
frequentist probabilities.

As a concluding remark, in the project management literature, similar cate-
gories of uncertainty are recognised (see e.g., [17]). In practical project context
assessment, there will often be mixed types and levels of uncertainty together
with some deterministic elements [12]. Managers and analysts usually seek
opportunities to reduce uncertainties by either seeking more information and
processing or employing statistical analysis and stochastic modelling.

2.2.2 Levels of uncertainty

Walker et al. [107] distinguishes 5 levels of uncertainty, ranging from com-
plete certainty to total ignorance, using the following descriptive dimensions:
context (possible future states), system model (problem, decision model), sys-
tem outcomes (predictions, decision consequences), and weights on outcomes
(stakeholder preferences) (Figure 2.2).

Under complete certainty, we know everything precisely – though never
attainable, this serves as a baseline. At level 1 of uncertainty, one is not abso-
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uncertainty includes frequency-based probabilities and

subjective (Bayesian) probabilities. Real uncertainty

covers the future state of the world and the
uncertainty resulting from the strategic behavior of

other actors. Often, attempts to express the degree of

certainty and uncertainty have been linked to whether
or not to use probabilities, as exemplified by Morgan

and Henrion (1990), who make a distinction between

uncertainties that can be treated through probabilities
and uncertainties that cannot. Uncertainties that cannot

be treated probabilistically include model structure

uncertainty and situations in which experts cannot
agree upon the probabilities. These are the more

important and hardest to handle types of uncertainties

(Morgan 2003). As Quade (1989, p. 160) wrote:
“Stochastic uncertainties are therefore among the

least of our worries; their effects are swamped by

uncertainties about the state of the world and human
factors for which we know absolutely nothing about

probability distributions and little more about the

possible outcomes.” These kinds of uncertainties are
now referred to as deep uncertainty (Lempert

et al. 2003), or severe uncertainty (Ben-Haim 2006).

Levels of Uncertainty

Walker et al. (2003) define uncertainty to be “any

departure from the (unachievable) ideal of complete
determinism.”

For purposes of determining ways of dealing

with uncertainty in developing public policies or
business strategies, one can distinguish two

extreme levels of uncertainty—complete certainty and

total ignorance—and five intermediate levels (e.g.
Courtney 2001; Walker et al. 2003; Makridakis et al.

2009; Kwakkel et al. 2010d). In Fig. 1, the five levels are

defined with respect to the knowledge assumed about
the various aspects of a policy problem: (a) the future

world, (b) the model of the relevant system for that

future world, (c) the outcomes from the system, and
(d) the weights that the various stakeholders will put

on the outcomes. The levels of uncertainty are briefly

discussed below.
Complete certainty is the situation in which

everything is known precisely. It is not attainable, but

acts as a limiting characteristic at one end of the
spectrum.

LEVEL
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Context A clear enough
future

Alternate futures
(with probabilities)

Alternate futures
with
ranking

A multiplicity of
plausible futures

An unknown
future

System

model

A single
(deterministic)
system model

A single
(stochastic) system
model

Several system 
models, one of 
which is most 
likely 

Several system
models, with
different
structures

Unknown system
model; know we
don’t know

System

outcomes

A point
estimate for
each outcome

A confidence
interval for each
outcome

Several sets of 
point estimates, 
ranked according 
to their perceived 
likelihood 

A known range
of outcomes

Unknown
outcomes; know
we don’t know

Weights on

outcomes

A single set of
weights

Several sets of
weights, with a
probability
attached to each set

Several sets of 
weights, ranked 
according to their 
perceived 
likelihood 

A known range
of weights

Unknown weights;
know we don’t
know

Deep Uncertainty, Fig. 1 The progressive transition of levels of uncertainty from complete certainty to total ignorance

D 396 Deep Uncertainty

Figure 2.2: The progressive transition between levels of uncertainty from com-
plete certainty to total ignorance. Reproduced from [107] with permission of
Springer Nature.

lutely certain, but one does not see the need to estimate the uncertainty in any
explicit way. Such situations generally involve short-term decisions, in which
the system of interest is well known and defined, and it is reasonable to use
historical data as a predictor for the future. In terms of methods for treating
level 1 uncertainty, a simple sensitivity analysis of the parameters of the model,
assessing the impact of small perturbations, usually suffices [33].

At level 2 of uncertainty, the system model or its inputs can be described
probabilistically, or there is a set of defined alternative futures which can be
predicted or to which probabilities can be assigned. Problems with level 2
uncertainty are typically solved with probabilistic and statistical tools.

Level 3 uncertainty is present in situations where there are a finite set of
plausible futures, system models, outcomes, or weights, but probabilities can-
not be easily assigned to them. Thus, probabilistic tools and other uncertainty
modelling techniques of Level 1 and Level 2 are inappropriate. In this case, a
scenario analysis is usually used [54]. A scenario is a projection of the future.
However, under level 3, it is rather a plausible description of what can happen
than a prediction of what will happen. The consequences and performance of
each of alternative projects are predicted independently for each scenario, of-
ten using best-estimate models as well as the methods used under lower levels
of uncertainty. A scenario analysis approach considers a range of plausible
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futures, with the assumption that the diversity of scenarios comprehensively
represents the possible future and is sufficient to define “robust” alternatives.
The aim of robustness analysis is to define an alternative producing acceptable
results under most of the scenarios, rather than determining the best perform-
ing alternative under a single scenario.

Uncertainty levels 4 and 5 represent deep uncertainty. Deep uncertainty
means the lack of knowledge or agreement between various parties to a deci-
sion upon (1) the external context of the system and how likely various possible
future states of the world are, (2) how the system works and its boundaries, (3)
the system outcomes and their relative importance [53]. Analysts either strug-
gle to (Level 4) or cannot (Level 5) specify the above items. At level 4 it is
still possible to incompletely enumerate options without being able or will-
ing to rank order the possibilities in terms of how likely or plausible they are,
whereas at level 5 we can only recognise our lack of knowledge [61]. Total
ignorance represents situations of “unknown unknowns”, where analysts can-
not recognise the lack of knowledge – it serves as the other extreme on the
uncertainty scale.

While Level 1, Level 2, and Level 3 uncertainties can be dealt with a mul-
titude of available quantitative analytical approaches, Level 4 and Level 5 un-
certainties are pragmatically impossible to be handled with probabilities or be
reduced by gathering more information [107].

Under situations with deep uncertainty, instead of pursuing finding an op-
timal solution, it is more appropriate to seek some form of a robust solution.
A robust solution, or a robust decision, is “a solution that yields outcomes that
are deemed to be satisfactory according to some selected assessment criteria
across a wide range of future plausible states of the world”[107, p.398–399].
Walker et al. [107] highlights 4 archetypical interpretations of a robust solution
under deep uncertainty:

• Resistance: a solution for the worst conceivable case or future state,

• Resilience: a solution that results in a quick recovery of the system,
regardless the future state,

• Static robustness: a (static) solution that will perform reasonably well in
practically all conceivable situations,

• Adaptive robustness: preparedness to dynamically change the solution,
in case conditions change.

The choice of the robustness criterion depends on, among many factors, the
risk attitudes of decision-makers and stakeholders, the feasibility of solution
options, and the time (planning) horizon.
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2.3 Decision science

2.3.1 Decision-making and support

It is evident that project managers require support for long-term planning and
decision making under uncertainty. Decision support is defined as a “set of
processes intended to create the conditions for the production and appropriate
use of decision-relevant information” [70].

Decision science is a field offering a collection of qualitative and quanti-
tative techniques used to inform decision-making at the individual and pop-
ulation levels. It is a cross-disciplinary knowledge domain comprising deci-
sion analysis, risk analysis, cost–benefit and cost-effectiveness analysis, con-
strained optimisation, simulation modelling, and behavioural decision theory.
It rests upon theories and practices from operations research and management
science, microeconomics, statistical inference, cognitive and social psychol-
ogy, and computer science. By focussing on decisions as the unit of analysis,
decision science provides a unique framework for the systematic understand-
ing of complex problems and generating and selecting solutions to those prob-
lems [29].

Aven [5, p.113] outlines a structured decision-making process, where the
decision problem, stakeholder values and decision goals are explicitly recog-
nised as inputs, the formal risk and decision analyses are integrated to provide
decision support, and a followed informal judgment and managerial review
result in a decision (Figure 2.3).

2.3.2 Multi-criteria evaluation and decision analysis

Multiple-criteria decision analysis (MCDA) is concerned with structuring and
solving decision and planning problems involving multiple viewpoints/criteria.
Belton and Stewart [7, p.6] describes an MCDA process consisting of 5 activi-
ties: identification of the problem, structuring the problem, building a decision
model, using that model to inform and challenge thinking, and developing an
action plan.

An MCDA model comprises at least three components: 1) a set of mutually
exclusive alternatives, 2) a decision problematic, which could be to choose,
rank, or classify the alternatives, and 3) at least two, but typically more, cri-
teria, through which the consequences of a decision are to be evaluated [87].
Typically, decision criteria are in conflict; thus, there is no unique optimal so-
lution for such a problem. Therefore it is necessary to use decision-makers’
preferences to differentiate between the solutions.
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Decision
problem

Decision
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Managerial
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judgment
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Stakeholder
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Goals, criteria
and preferences

Analyses and
evaluations

Risk analyses and
decision analyses

Figure 5.1 Basic structure of the decision-making process.

environmentalists and others. Experts and managers have a background, values, pref-
erences, etc., that could significantly influence the selection process of alternatives.
We have to appreciate the subjective element in this creative part of decision-making,
establishing an appropriate set of alternatives. We know that people have personal
agendas, but by ensuring that the process involves a sufficiently broad group of per-
sonnel, the generated alternatives should provide the necessary basis for identifying
a good alternative.

5.1.2 Decision-support tools
Now, suppose we have given a set of decision alternatives. Before management makes
a decision, it needs some support as a basis for its decision. It needs to know more
about the consequences of choosing one alternative instead of another. Risk analysis
provides such decision support. It gives predictions of the performance of the various
alternatives with related uncertainty assessments. This information is then linked
to other attribute assessments. Consider again the oil and gas development project
presented earlier. The idea is to analyze and evaluate factors such as investment
costs, operational costs, market deliveries and regularity, technology, safety and
environmental issues, and political aspects. For costs, market deliveries, safety and
environmental issues, quantitative analyses are conducted in line with our predic-
tive framework. For other important aspects such as the political, only qualitative
analyses and evaluations would normally be performed. The total of these analyses
and evaluations is used as a decision basis. We refer to this as a multi-attribute analy-
sis. Such an analysis provides structuring and overview of the problem – it provides
useful insights. Before a decision is made, management reviews and evaluates the

Figure 2.3: Basic structure of the decision-making process. Reproduced from
Aven [5] with permission of John Wiley and Sons.

Preferences and objectives Preferences are the decision maker’s attitudes
towards alternatives with respect to their consequences, whereas statements
regarding directions of the preferences constitute objectives [18]. The value
measurement theory can be applied to describe a preference order on the alter-
natives using the following relations:

• a � b, a is preferred to b.

• a ⇠ b, indifference between a and b.

• a < b, a is preferred to b or there is indifference.

Preferences are not given, and it is the aim of decision scientists using var-
ious preference elicitation methods to elicit the preferences from the decision
makers. The preference elicitation methods are based on axioms that are com-
monly accepted as principles of rational behaviour, or rationality. This allows
for the decision evaluation to be found axiomatically, i.e., through accepting
those few basic postulates the evaluation of the alternatives, and then an opti-
mal decision, can be logically and unequivocally derived[18].

Multi-attribute value theory An MCDA problem can be generally defined
as a set of feasible alternatives {a1,a2, . . . ,am} , a set of decision-making cri-
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teria {c1,c2, . . . ,cn} , and a matrix

A =

0

BBB@

p11 p12 · · · p1n
p21 p22 · · · p2n
...

...
. . .

...
pm1 pm2 · · · pmn

1

CCCA
,

where pi j is the score representing the consequences (performance) of alterna-
tive i in terms of criterion j.

In multi-attribute value theory, preferences are modelled by marginal value
functions, which assign values Vi to the alternative. Given the preference order
described above, it must hold that if a � b with regard to criterion i, then also
Vi(a)>Vi(b) must hold as well; analogously, if a ⇠ b, then Vi(a) =Vi(b) [7].

Vi is often obtained using a simple additive weighted value function [47],
which is the underlying model for most MCDM methods, as follows: Vi =

n
Â
j=1

w j pi j. This model assumes weights w j[w j � 0, Âw j = 1] assigned to the

criteria j.
There is no consensus on the best way to elicit the weights

�
w1, w2, . . . , w j

 
.

Riabacke et al. [84] provide an extensive overview of the preference elicitation
methods introduced in the last decades.

2.3.3 Risk assessment

Risk can be generally defined as the effect of uncertainty on the objectives [41].
Therefore, a risk is traditionally described by specifying some consequences
and providing a measure of the uncertainty. Formally, the risk R is defined as
the following triplet: R = {hSi, Li, Xii}, where Si denotes the ith risk scenario,
Li denotes the likelihood of that scenario, and Xi as the vector of resulting
consequences [14].

Risk assessment aims to aid decision-making under uncertainty and typi-
cally involves three main activities: risk identification, risk analysis, and risk
evaluation [39].

Risk identification focusses on finding a set of relevant risk scenarios Si
which, if used in a quantitative risk analysis, should be (1) complete, (2) finite,
and (3) disjoint. However, if the risk analysis seeks mainly to identify scenarios
rather than to quantify their likelihood, the requirement of disjointness can be
relaxed[45].

Risk analysis aims at a better understanding of the risks and consists of
determining the consequences Xi and the likelihoods for the identified risk sce-
narios Li, taking into account the causes and sources of the risk, as well as the
presence and the effectiveness of current activities and existing controls. The
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consequences and their probabilities are then combined to determine a level of
risk.

To conduct a risk analysis, a “success scenario” S0 is often defined as a
reference point, whereas the risk scenarios Si are presented as deviations from
the “success”. The description of the consequences should reflect their im-
pact on the intrinsic values, which themselves should be operationalised and
represented through reference values, e.g., in the form of risk criteria [40] or
preferences and objectives [6].

Conventionally, the focus of risk analysis is narrowed to the assessment of
adverse, undesirable consequences. This view has been criticised, promoting
instead a holistic view of risk, which encompasses both negative (threats) and
positive (opportunities) consequences (see, e.g.,[4; 74; 88]).

Methods for risk analysis can be qualitative, semi-quantitative, or quanti-
tative, depending on the availability of the data and knowledge, the degree of
detail required for the particular application, and the decision-making needs.

Risk evaluation involves the review and judgement of the results of the risk
analysis, understanding the implications of the risks, and deriving decisions
about future actions. The risk evaluation results in the prioritisation of the
risks to be tackled, as well as guidelines for preparedness planning.

2.3.4 Model-driven decision support systems

Decision support systems (DSS) are computer-based systems that support de-
cision making through the analysis and synthesis of data, and the use of inte-
grated analytical models and tools that facilitate the selection of options [30].
Depending on the development and delivery mechanisms, Power and Sharda
[78] distinguishes spreadsheet-based DSS, Web-based DSS, and Group DSS.

A special class of DSS are model-driven DSS, whose main function, by
definition, is defined by a quantitative model. Such a model simplifies, struc-
tures, and frames a decision problem or situation of interest. Power and Sharda
[78, pp.1044–1045] highlights a number of characteristics that differentiate
model-driven DSS from computer support used for special studies. First, a
model underpinning a model-driven DSS is made accessible to a non-technical
specialist, such as project manager, through an easy to use interface. Further-
more, a user can easily manipulate the model parameters to examine the sen-
sitivity of the outputs or conduct ad hoc “what if” analyses. Finally, such DSS
are intended for some repeated use in the same or similar decision situations.

Model-driven DSS typically implement decision analysis methods (e.g.,
MCDA, AHP), optimisation and mathematical programming algorithms (e.g.,
linear programming), or simulation approaches (e.g., Monte Carlo simulation,
discrete-event simulation, system dynamics) [78]. While there is a vast diver-
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sity of decision and risk analysis methods, the biggest challenges with devel-
oping a model-driven DSS lie in the conceptual modelling of the problem, i.e.,
problem structuring, framing and formalisation.
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3. Research approach

3.1 Design Science Research

The design science research (DSR) approach guided the research projects pre-
sented in this thesis. DSR is a relatively new research paradigm. It has origi-
nated from engineering, computer science, and agile management, employing
a variety of research methods. The focus of DSR is on (1) creating an arte-
fact which is useful for solving a practical problem, as well as on (2) building
knowledge about the artefact and its environment [32; 72; 76].

Within design science, four types of artefacts (outputs) are generally dis-
tinguished: representational constructs, models, methods, and instantiations.
Constructs are concepts and definitions required to characterise phenomena
and to formulate problems and their solutions. Models outline the relation-
ships between different constructs. They are used to describe tasks, situa-
tions, or artefacts, and to prescribe the structure of other artefacts. Methods
define guidelines, processes, and ways of performing goal-directed activities
and solving problems. Instantiations are working systems that implement the
foregoing artefacts and can perform certain practical tasks [42; 60].

Iivari [36] also suggested a function oriented classification for IT applica-
tions (instantiations). It comprises of seven archetypes, i.e., ideal types, based
on the roles they can play for their users. Among the identified archetypes, of
particular relevance for this thesis is Tool, whose prime function is to augment
productivity of its users.

While there are several guidelines for conducting and framing DSR, e.g.,
[22; 32], as a research approach I have followed the “method framework for
DSR” suggested by Johannesson and Perjons [42] for its very structured, de-
tailed and clear guidelines. This methodology consists of 5 DSR activities,
each of which serves its own aims (see Figure 3.1). The activities are not nec-
essarily sequential, but the whole process is to a great extent iterative. So, the
arrows in Figure 3.1 represent the logical order, that is, input–output relation-
ships, rather than a sequence.

In order to ensure that the answers express valid and reliable knowledge,
the use of research strategies and methods is vital. The 5 DSR activities are
supported with research strategies and methods to ensure valid and reliable
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understandable, and visually appealing overview of the key components of a design
science project. The Canvas consists of a rectangle divided into a number of fields
that describe the artefact under consideration, the problem it addresses, the knowl-
edge base used, the requirements on the artefact, the research strategies and
methods used in the project, and the results of the project.

A template for the Design Science Canvas with descriptions of the fields is
presented in Fig. 4.5. A more detailed version of the Canvas can be found at goo.gl/
TKD5S. The top part of the Canvas defines the artefact under consideration, the
problem being addressed, and the knowledge base used in the work. The middle
part describes the activities of the method framework, corresponding to Chaps. 5– 9 .
The bottom part shows the results of a design science project in terms of the
structure, function, and effects of the artefact.

The Design Science Canvas may be used in several different situations. It can be
used as a first sketch, in order to improve communication and common understand-
ing between members of a new design science project. It can also be used as a
monitoring tool for continuously recording changes to the plans for a project.
Furthermore, the Canvas can help to present the overall setup of a project to
stakeholders and other interested parties. A similar use is to include the Canvas in
the final project report as part of an executive summary. In general, the Canvas is
useful whenever there is a need to get a compact and easily understandable
overview of a design science project.

Fig. 4.4 The method framework for design science research with research strategies and
knowledge base

82 4 A Method Framework for Design Science Research

Figure 3.1: Overview of the Method Framework for Design Science Research.
Reproduced from Johannesson and Perjons [42] with permission of Springer Na-
ture.

knowledge about the artefact, as well as creative methods that are especially
useful to support the “Design and Develop Artefact” activity. In DSR, any
research strategy or method can be used to support answering questions about
the practical problem and the artefact. Therefore, the choice of the methods
depends on the project’s characteristics and goals. At the same time, the DSR
activities and their results need to be related to a knowledge base, such as the
existing models and the kernel theories, that informs the artefact design [42].

Notably, it is common for a design science project to focus on one or two
of the 5 DSR activities, while the other activities are either skipped or treated
more lightly.

This renders five archetypes of design science projects: (1) problem-fo-
cused, (2) requirements-focused, (3) requirements- and development-focused,
(4) development- and evaluation-focused, and (5) evaluation-focused [42]. Sim-
ilarly to the choice of the research methods, the foci of a design science project
depends on its characteristics, boundaries and goals.

The research presented in the thesis also relates to the field of opera-
tions research and management science (OR/MS). However, the adherence to
the DSR approach is worth highlighting for its distinctive differences from
OR/MS. O’Keefe [73] argues that although DSR has some epistemological,
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axiological, ontological and methodological similarities with OR/MS, design
science should have its rightful place in this field. One of the arguments is that
while OR/MS researchers often “remove a problem from its setting to an artifi-
cial (typically laboratory) environment and solving the problem with synthetic
data” [73], DSR, taking a pragmatic stance, considers the problem in its natu-
ral environment instead. Finally, he suggests DSR as a reference model for a
design-oriented approach to conventional OR/MS. Therefore, DSR is specifi-
cally fitted to the pragmatic nature of the research problems addressed in this
thesis and to the aim of developing solutions for the practical assessment of a
project context.

3.2 Design Science projects

In the design science projects presented in this thesis, I have been able to distin-
guish two categories of tasks: (1) the development, implementation and eval-
uation of a novel artefact, primarily a method, and (2) definition of a system
design (architecture) to integrate the developed artefact with other artefacts
to form a solution, and applying the solution in particular case studies. The
design science approach have been followed to perform the tasks in the both
categories.

This section further describes the projects and the research methods used
to support the design science activities per the Method Framework for DSR.

3.2.1 Strategic fit assessment

This design science project aimed to develop a method for project strategic
fit assessment. The method and its application to a case study are detailed in
PAPER I.

Explicating the problem The problem is identified through a literature re-
view of strategic fit. While the current studies mostly focus on motivating the
need for a better alignment of projects with strategy, to the best of my knowl-
edge, none of the studies suggested systematic approaches or techniques for
estimating the strategic fit of a project in the context of the project and portfo-
lio evaluation problem. Furthermore, the problem of the lack of proper tools
was further confirmed through an interview with a professional project man-
agement consultant and trainer. The problem was identified as the nexus of
strategic planning and project portfolio evaluation, and further framed through
theories, frameworks and assessment approaches of strategic fit.
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Defining the requirements First, it was demonstrated that several defini-
tions of the strategic fit of projects and related theoretical concepts were present,
but a practical way to assess strategic fit was lacking. Therefore, the need for
a method was identified and motivated.

Secondly, a set of functional requirements for the method were derived
from the existing theories and known practices of project portfolio evaluation.
As an example, it was assumed that a project is viewed as a means to execute
an organisational strategy, whereas the strategy is represented as a set of strate-
gic goals. Similarly, one must rely on expert judgments as a flexible form of
evaluation, given the lack of commonly accepted definitions and models for
strategic fit, and a unique context of each individual organisation.

Designing and developing an artefact The identified needs and require-
ments further implied particular design choices for the method, such as the use
of MCDA techniques to consider multiple strategic goals in the project evalua-
tion, and the use of fuzzy set theory to adequately represent expert judgments,
expressed with natural language, and enable computations using them.

The artefact design was informed by the theories, practices and techniques
of strategic planning, project and portfolio evaluation, as well as multi-criteria
evaluation and fuzzy linguistic evaluation.

Demonstrating the artefact The method was implemented as an Excel spread-
sheet, and its use was demonstrated in a real-life case study serving as a proof-
of-concept.

Evaluating the artefact The evaluation of the artefact was performed through
a theoretical analysis in the guise of informed arguments. In particular, there
are descriptions of how all the identified requirements are addressed in the
method’s design, motivations for the design choices taken along with a discus-
sion of the alternative designs of the artefact.

3.2.2 Context factor analysis

This research was conducted in the context of the iMENTORS:E-Infrastructure
Monitoring, Evaluation And Tracking Support System project 1. iMENTORS
was a project co-funded by the European Commission DG Communication,
Networks, Content and Technology (CONNECT) under the 7th Framework
Programme.

1www.imentors.eu
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iMENTORS is a one-stop-shop data warehouse on e-infrastructure devel-
opment projects of Sub-Saharan Africa. In addition, iMENTORS is integrated
with a DSS based on a conceptual model designed to facilitate the generation
of criteria and indicators adequate for the evaluation of both new and on-going
initiatives. The overall objective of the project was to enhance the coherence
and effectiveness of international actors involved in planning and delivering
e-infrastructures development projects in Sub-Saharan Africa.

Design science was applied to develop two distinctive artefacts in the DSS:
(1) method for context factors assessment and analysis presented in PAPER II,
and (2) a web-based implementation of the method (instantiation) presented in
PAPER III.

Explicating the problem The initial problem was identified as a lack of for-
malised and structured approaches to estimate the assumptions and uncertainty
in the planning of an international development (ID) project. After conducting
a literature review and document analysis, the problem was framed using the
Results Based Management practices [103] and the underlying Logical Frame-
work Approach (LFA) — the dominant planning approach for such projects.
Furthermore, using informed arguments and the opinion of conventional risk
assessment frameworks, it was demonstrated that LFA allows inconsistency in
the definitions of project assumptions and risks, and hence the consequent as-
sessment. It was confirmed through the literature review that the LFA does not
necessarily ensure comprehensiveness and completeness in risk identification,
and there is a clear tendency to ignore positive risks.

A further literature review revealed that not only was there a lack of ap-
proaches for project risk assessment specifically adapted to the ID domain,
but there was a lack of conventional risk assessment applications within the
domain. These problems defined the need for a method for context factors as-
sessment and analysis that would be tailored towards the specifics of the ID
domain and address the aforementioned limitations.

This method has been the basis for a web-based tool for context assess-
ment, which has become an integral part of the iMENTORS platform. The
implementation of this method (instantiation) was motivated by the lack of a
standardised and publicly accessible tool for risk assessment and project eval-
uation in the domain of information and communication technologies for de-
velopment (ICT4D).

Defining the requirements The key functional requirements for the method
were derived from the literature and from the identified issues and shortcom-
ings of the existing ID project appraisal and planning practices. The key re-
quirements were posed as follows:
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• should enable the evaluation of uncertain states and the impact of a con-
text factor on the success of the project,

• should enable ranking context factors by their impact on the success of
the project,

• should enable a balanced evaluation of the risks, i.e., consider threats
along with opportunities,

• should be compatible with LFA,

• should be easy to use and should not require hard to obtain data,

• should be able to consider and represent imprecise data, such as expert
judgments for assessment.

The requirements for the implementation of the method were derived from
the design of the iMentors platform, which should be web-based, as well as
easy to use and comprehend by the end users. Further details are available in a
project report [52].

Designing and developing the artefact The suggested assessment approach
is based on existing risk assessment practices, e.g., scenario analysis, but ex-
tended to take into account broader country-level risk factors and context. To
facilitate a user with the generation of the scenarios, a model for contextual
factors relevant to the ICT4D domain was derived from the literature review.

Demonstrating the artefact During the early development stage, a context
factor concept was demonstrated to a subject matter expert to verify the validity
and practical potential using illustrative scenarios.

The method was implemented as a web-based decision support tool and
was integrated into the iMENTORS platform 1. Its design and use were demon-
strated to potential users through a series of demonstrations at different con-
ferences and workshops, as well as to the members of the EU project review
committee.

In order to demonstrate the method’s applicability and evaluate its effec-
tiveness along with other external qualities, the method was used in a case
study. The case study involves a project manager who would use the method in
an ICT4D project appraisal as part of an actual application for external fund-
ing. In particular, the project pursues adapting an existing ICT platform for
e-participation for use by the indigenous San people in Botswana and those
who represent them (for further details see PAPER II).

1www.imentors.eu
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Evaluating the artefact The method underlying the decision support tool
was evaluated with informed arguments, logical reasoning, and referring to
well-established theories, such as probability theory.

These activities helped evaluate internal validity and other internal prop-
erties of the artefact. However, such an artificial environment absent of inter-
ference makes impossible an evaluation of the external validity [42, p.140].
Therefore, the ‘naturalistic’/‘ex post’ artefact evaluation strategy (see [105])
was employed to evaluate the external properties of the tool. For that aim, the
method was implemented, first, as a standalone prototype, then, as an integral
part of the DSS.

Once the method was implemented, several external studies, not included
in this thesis, performed summative evaluations of the tool. The first study
investigated the potential utility and organisational fit of the tool. With this
aim, the tool was independently demonstrated to several project managers
from Swedish International Development Cooperation Agency (SIDA), with
follow-up interviews to collect their perceptions and impressions regarding the
benefits, shortcomings and potential for fitting with the SIDA project planning
processes and associated decision making (see [8] for further details). In the
second study, the tool’s usability was evaluated using a heuristic evaluation
framework [see 77]). Finally, the method was also compared to the SWOT and
PEST frameworks in application to two case studies (see [90]).

3.2.3 Reputation risk assessment

This design science project was conducted in a collaboration with a multina-
tional power company. The projects’ aims were to operationalise the notion of
a corporate reputation risk and develop a framework for assessing the impact
of the company’s strategies and internal projects on corporate reputation. This
research is presented in PAPER IV.

Explicating the problem The problem was initially identified through com-
munication with a PR and communication manager at a multinational power
company. The problem was defined as the inability to systematically conceive
the reputation risks associated with top-level managerial decisions. This issue
was further conceptually framed through theories found in the literature, the
most notable of which is a stakeholder theory. The aim of the study was to
conceptually design a method for the identification and assessment of reputa-
tion risks induced by managerial decisions, and create a prototype of a tool
which could be further applied to real-life decision situations.
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Defining the requirements The key functional requirements were identified
and formulated during a series of meetings with a communication manager at a
multinational energy company. The problem was defined as the need to enable
the practical assessment of implications of general managerial decisions for
corporate reputation. The need was transformed into the aims to define (1) a
conceptual framework for reputation risk and (2) a method for assessment of
reputation risks. The conceptual framework is to define what the reputation
risks are, what properties they might have, and how they can be identified.
Based upon the framework and the company’s context the assessment method
is to specify an approach to assess and prioritise the identified reputation risks.

Designing and developing the artefact The design of the framework and
method were guided by the existing literature on reputation risk and conven-
tional risk assessment frameworks. As an example, the inclusion of reputation
opportunities into the assessment framework was theoretically motivated by
modern risk assessment studies, whereas the “risk as threat” was the dominant
view among the company’s managerial team.

The method was developed with the use of creative methods, such as the
transformational method [93] to generate the initial ideas by modifying exist-
ing frameworks for risk assessment and stakeholder analysis.

Demonstrating the artefact A prototype of the method was implemented as
a spreadsheet-based DSS, and its use was demonstrated to the communication
manager on a real-life case. Furthermore, the tool, along with its case applica-
tion, was demonstrated to the company’s board of directors at a workshop.

Evaluating the artefact The method was evaluated through a theoretical
analysis. The requirements for the conceptual reputation risk framework were
derived from the literature on reputation and risk assessment. Since the method
for reputation risk assessment is based upon the framework, its potential effec-
tiveness is underpinned by state-of-art theories. Further, the method was im-
plemented as a spreadsheet-based DSS and further applied to a real-life case.
Follow up interviews with the communication manager revealed an overall
satisfaction with the method’s relevance and effectiveness in identifying and
prioritising corporate reputation risks. During the interviews with the man-
ager, serendipitously, the tool was deemed to be also useful for planning and
justifying the communication budget. As a second phase of the external evalu-
ation, the tool and its application to the case was discussed with the company’s
board of directors at a workshop.
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3.2.4 Stakeholder-based impact assessment of a policy

This research was conducted in the context of the “SENSE4US: Data Insights
for Policymakers and Citizens” project 1. The SENSE4US project was funded
by the European Commission’s Seventh Framework Programme for research,
technological development and demonstration. Additionally, this research was
partially done in collaboration with the International Institute for Applied Sys-
tems Analysis (IIASA) 2 during the Young Scientists Summer Program (2015),
funded by the Swedish Research Council for Sustainable Development (For-
mas).

The aim of the design science project was to develop a toolkit for ex
ante assessment of public policy options to support decisions and planning at
the policy formulation phase. This toolkit implements an integrated method
framework for the ex ante assessment of public policy options, which not
only suggests a structured approach to explicitly evaluate and compare policy
options but also offers a multi-stakeholder perspective on the policy conse-
quences. This research is detailed in PAPER V.

Explicating the problem The problem was identified as the lack of a way
to operationalise ex ante public policy impact assessment and use formal mod-
elling to assess policy options. This problem was initially revealed by an expert
in public policy-making and was later verified through a conducted document
analysis on the policy proposals used in the British government.

Defining the requirements The general requirements were collected using
a document analysis of existing studies, practices, and methods for impact
assessment, which were further validated, extended and detailed by means of
a survey of the Members of the European Parliament (see [43] for details).

Designing and developing the artefact The design of the framework was
inspired by the ideas expressed in the multi actor multi criteria analysis [58].
The toolkit was designed with the use of creative methods, such as lateral
thinking, which enabled a unique coupling of MCDA with multi-stakeholder
representations and supported a novel approach to the modelling of stakeholder-
based risks.

Demonstrating the artefact The suggested method framework, along with
the toolkit, was demonstrated in an application to a case study. The toolkit was

1sense4us.eu
2iiasa.ac.at
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applied to assess the impact of the “plug-in car grant” – the subsidy towards
purchases of electric cars in the United Kingdom (UK) to boost the uptake of
electric vehicles.

Evaluating the artefact During the early phase of developing the frame-
work, the approach, along with the initial policy model, were discussed and
revised with researchers in energy systems modelling at IIASA. While the fo-
cus of the discussion was on the framework per se, the researchers confirmed
the adequacy of the system model and the relevance of the stakeholder rep-
resentations in the framework. The tool was further evaluated and refined by
being applied to the case study.

3.2.5 Evaluating intervention strategies in a pandemic

This research was part of the “Preparedness planning for a pandemic” project
in collaboration with the Public Health Agency of Sweden (Folkhälsomyn-
digheten). The aim of the project was to enhance preparedness for a future
pandemic by building a structured decision-making process, a set of models to
predict the performance of various pharmaceutical intervention strategies un-
der diverse scenarios for a pandemic, and synthesise the results so as to make
recommendations for intervention decisions. This research followed action
research strategy actively engaging experts from the domains relevant for a
pandemic situation. This research project is detailed in PAPER VI.

Explicating the problem An intuition of the problem arose through a review
of the literature on the computational modelling of outbreaks of infectious dis-
eases, more specifically, influenza pandemics. Computational epidemiology
can inform decision making through modelling the transmission of infection,
thus estimating its dynamics and the health impact of outbreaks on the popula-
tion, along with estimating how different interventions can control the disease.
However, to the best of my knowledge, none of the studies explicitly framed
such a decision support task as a decision analysis problem.

The lack of an interpretation of the outputs of the model was later con-
firmed through interactions with the domain experts at the Public Health Agency
of Sweden. Therefore, the problem was defined as the lack of a structured
evaluation process to support decisions on planning interventions in influenza
pandemics. Later the problem was extended to include the need for reusable
decision models and tools to support the execution of the decision evaluation
process.
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Defining the requirements The definition of the requirements was based on
a literature review of the related research, as well as on focus groups [42, p.49]
conducted with the domain experts.

Designing and developing the artefact The development of the framework
was guided by existing research and knowledge in decision science, MCDA in
particular, whereas we employ action research to capture and apply the cross-
domain knowledge of the experts. We followed an agile approach to the devel-
opment, i.e., developing the framework and accompanying tools in an iterative
and interactive manner. Divergent and convergent thinking were used to gen-
erate and select ideas.

Demonstrating the artefact As the framework was developed using action
research, the agile process implied the continuous demonstration of interme-
diate designs and results to the group of experts. Similarly, the framework and
its components were continually evaluated, meaning a continual demonstra-
tion was used to get feedback and revise the framework, models and methods
accordingly.

Evaluating the artefact Following the ‘naturalistic’/‘ex-post’ artefact eval-
uation strategy [105], the framework was implemented in an integrated toolset
and applied to a real-life case study aiming to support real decision-makers in
national preparedness planning against future influenza pandemics.
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4. Results

4.1 Tool for strategic fit assessment

Problem addressed The general problem was identified as the lack of knowl-
edge of how to estimate strategic fit in the context of multi-criteria project se-
lection and project portfolio evaluation. The problem was further defined as
the lack of techniques to quantitatively estimate the judgment-based strategic
fit of a project, and the guiding research question was: “How might the strate-
gic fit of a project be practically evaluated?”

Artefact developed The developed artefact is a method for evaluating the
degree of relevance of a project to a set of strategic goals. The method is
presented as a procedure, structured as three consecutive phases:

1. Preparation: all necessary input and background information on the
project selection is collected and formalised;

2. Evaluation: the evaluators assess the relevance of a given project to a set
of organisational goals with the use of a linguistic scale;

3. Processing: the linguistic values are represented and aggregated as fuzzy
sets with predefined trapezoidal membership functions and defuzzified
using a simple mean operator to output a normalised value.

Demonstration and evaluation results Following an ex post evaluation strat-
egy, the method was implemented in a spreadsheet and applied to an illustra-
tive case. While the case materials were stylised to best demonstrate the po-
tential use cases and benefits of the method, the case context was based on a
real-life company providing “Business and Payroll services”; materials were
collected through interviewing the company’s representatives and a study of
various documents. The use of the method and the results of the case study
were presented to the company’s representatives. Finally, an extensive set of
internal, external, management and generic properties (see [42] for definitions)
were evaluated through informed arguments.
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Research contribution First, this research operationalises the concept of
strategic fit of a project, i.e., making the concept clearly distinguishable, un-
derstandable, and measurable. Secondly, the research suggests a pragmatic
method to evaluate the strategic fit of a project. The method incorporates the
presumably existing organisational strategic objectives as estimation criteria,
provides a way for decision-makers to easily express judgements through nat-
ural language and allowing for imprecision, and outputs a normalised value,
thus enabling the assessment of the strategic fit as a criterion in the context
of multi-criteria project portfolio evaluation. Finally, the research defines and
validates a clear use case and business context of the method.

4.2 Tool for context factor analysis

Problem addressed The long-term success or failure of an international de-
velopment project is largely shaped by the external context. Therefore, the
assessment of the factors influencing the fulfilment of the long-term develop-
ment outcomes is vital for an effective project appraisal and planning. In recent
decades, the logical framework (logframe) has de facto become a standard tool
for planning and managing development interventions. While the logframe re-
quires identifying the assumptions and risks regarding the external context, it
neither conceptually integrates them nor suggests ways for project managers
to handle them, for instance, with use of conventional risk assessment tools.
Finally, the underlying LFA, along with other traditional project risk manage-
ment frameworks, has been criticised for exclusively focusing on threats and
neglecting external opportunities.

Artefacts developed In this research, a set of artefacts was developed and
integrated into a tool for evaluating external risk factors (context factors) for
international aid development projects (detailed in PAPER II).

First, the research introduces the concept of a project context factor, which
unifies the two concepts of an assumption and a risk within the LFA. The
concept of risk has been extended to include both threats and opportunities.

Secondly, the research suggests an interactive procedure for generating
scenarios associated with a given context factor to estimate its potential im-
pact on the desired project outcomes and associated uncertainties.

Thirdly, a context analysis is formalised as a framework, comprising a set
of context factors with uncertain magnitudes, a set of project outcomes, and
a set of functions representing the impact of a context factor on a project out-
come. A project context factor is represented as a parameterised stochastic
function, whose parameters can be estimated with the aforementioned proce-
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dure for scenario generation.
Further, several definitions are developed to estimate the impact of a set of

context factors on project outcomes. These definitions include:

• The permeability of a project, which estimates both the vulnerability
and receptiveness of a set of project outcomes to negative and positive
contexts;

• The total threat and favour levels, which represent the potentials of a
given project context both to hinder and boost the achievement of project
outcomes;

• The total chances of project’s success and failure in a given context.

Finally, a generic list of context factors for projects within the domain of
Information and Communication Technologies for Development (ICT4D) was
derived to complement the method.

Demonstration and results of the evaluation The concept of a context
factor was demonstrated to a subject matter expert, who verified its validity
and the practical potential based upon illustrative examples. The formalised
method was implemented in R (programming language) as a proof-of-concept,
which verified the feasibility of using the Monte Carlo simulation method as
an approach to estimate the model.

Furthermore, the previously outlined artefacts were integrated into a web-
based decision support system as part of the iMENTORS platform. PAPER III
presents further details of the implementation.

The evaluation, performed in the case study, has verified the importance
of the long-term project planning and planning challenges associated with in-
evitable assumptions and external risks. It demonstrated the relevance and
adequacy of the suggested tool for its intended use. In particular, the project
manager involved in the case study praised the conceptual compatibility with
the log frame, the adequacy of the representation of the assumptions and risks,
and the suggested complementary list of context factors for the ICT4D domain.

External evaluation results The decision support system, which implements
the context factor analysis method, was extensively evaluated in external stud-
ies. The first study investigated the potential utility and organisational fit of the
tool in the SIDA context (presetented in [8]). The method was deemed easy to
comprehend and offered an additional planning aid. It was recognized, though,
that the project risk assessment at SIDA prioritises operational risks, i.e., those
associated with project partner organisations and the respective project teams.
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Therefore, the method was not immediately fit, as there was no existing pro-
cess focussing on external risk assessment at SIDA, and it would require extra
resources and support to introduce one.

Pettersson [77] has comprehensively evaluated the usability of the tool
through heuristics, concluding that the design of the tool exhibits a good level
of ‘Informational density’ and ‘Brevity’. ‘Information density’ means a bal-
ance between the user inputs required by the tool and the input information
actually needed to accomplish the task. Similarly, ‘Brevity’ indicates the ex-
tent to which the artefact avoids unnecessary workload and making the user
undertake complex cognitive activities.

It was also shown that the method has unique features and complements
well the existing tools for strategic planning (see [90]).

Research contributions In this research we have extended project environ-
ment assessment through introducing the concept of a project context factor,
which unifies the notions of the assumptions and external risks; importantly,
we embraced a comprehensive representation of project risk, encompassing
both threats and opportunities, as well as making the concept compatible with
the LFA.

Further, we have suggested a method which operationalises the concept
of a context factor. This was achieved through an interactive procedure for
generating scenarios that provides parameter estimates for a stochastic func-
tion mathematically representing a context factor. This essentially translates
the challenge of project context analysis into a risk assessment task. We have
provided a set of definitions enabling analytical insights regarding the context
of a project and its impact on the project’s success.

We have implemented these new concepts and specifically designed tech-
niques into a user-accessible web-based decision support tool, which inte-
grates a graphical user interface, a sample model of context factors tailored to
the ICT4D domain, and computational algorithms implementing Monte Carlo
simulation. The tool has been comprehensively tried and evaluated, demon-
strating its usefulness and validity.

Author’s contributions I contributed to the research and all parts of the rele-
vant papers (PAPER II and PAPER III). I identified the research gap, developed
the concept of a project context factor, designed the interactive scenario gen-
eration procedure, as well as implemented a fully functional prototype of the
method and developed the illustrative and evaluation case studies.

Jointly with the co-authors of PAPER II, I developed a formalised frame-
work for project context factors analysis, including base definitions, e.g., vul-
nerability and receptiveness of a project result towards a context factor, and
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aggregated definitions, e.g., probabilities of project success and failure within
a given context. Together with the second author I contributed to the design
and implementation of the method on the iMentors platform.

4.3 Tool for reputation risk assessment

Problem addressed Corporate reputations are intangible assets that, if well
managed, provide organisations with significant market advantages. Due to
this fact, reputation risk has become a significant concern for risk managers.
However, they often face challenges adopting and incorporating reputation risk
assessment approaches into the organisational risk management and decision
making processes. This challenge can be attributed to the lack of a formalised
definition of reputation and no practical way to incorporate reputation impact
assessment into corporate decision-making processes.

Reputation risk is often referred to as “mega risk” not only due to its sig-
nificant impact, but also due to its complexity, i.e., reputation is a subject of
different perceptions and expectations, and its compound nature, i.e., an event
triggering reputation risk, usually also constitutes another (business) risk [31].

While risk managers predominantly pay attention to exogenous factors
(e.g., the development of global media and communication channels) which
expose organisations to increased reputational risks, it is the endogenous fac-
tors, i.e., business decisions, actions, and behaviour, which are the underlying
sources of reputation risks and prone to cause much more impact. Indeed,
too often corporate decisions and actions, while being meaningful within the
business paradigm, meet unexpected backlash from society and governments,
incur a loss of reputation, and inevitable dire consequences for the business.

This research aimed at conceptually formalising a notion of reputation risk
and designing an approach to estimate the impact of business decisions on rep-
utation, and thus provide a practical way to enable reputation risk assessment.

Artefacts developed In this research, a tool for identifying and prioritising
reputation risks was developed. The tool comprises several interconnected
artefacts.

First, having adopted the multiple stakeholder view of corporate reputa-
tion, a model for stakeholder profiling, which guides systematic reputation risk
identification, is suggested. Secondly, a multi-criteria evaluation method is
employed for assessing and prioritising the identified reputation risks. Finally,
the suggested approach is defined as a step-by-step procedure and integrated
as a decision support method.
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Demonstration and evaluation results The case study helped demonstrate
the applicability and validate the adequacy and sufficiency of the proposed
reputation risk identification model and the assessment method. The model
was praised by the communication manager for relevance to existing corpo-
rate social responsibility practices, ease of comprehension and use, and clear
implications for prioritising and defining communication activities. Per the
communication manager, the demonstrated reputation risk analysis has shifted
the company’s focus on issue management and crisis communication to proac-
tive management of reputation risks.

Research contributions This study provides both academic and practical
insights that could be immediately useful for operational and strategic com-
munication management. The research contributes with a method that enables
practical reputation risk assessment. Not only does it guide the identification
and assessment of individual reputation risks, but it also establishes a frame-
work for estimating aggregated reputation impact both on different reputation
drivers and stakeholder groups – this provides a base for decision evaluation.
An important feature of the assessment method is a holistic representation of
risk, i.e., the acknowledgement that a reputation risk might present not only
negative consequences but an opportunity for increasing the organisation’s rep-
utation as well. Just as do reputation threats, reputation opportunities require
actions to realise their business value – a significant implication for traditional
communication planning and budgeting practices.

Author’s contributions I contributed to all parts of the research presented
in PAPER IV. I identified the research gap, performed literature research and
formalised the concept of reputation risk, designed the approach for risk iden-
tification and assessment, and applied the designed method to a case study.

4.4 Toolkit for stakeholder-based impact assessment of a
policy

Problem addressed Assessing policy impacts is a prerequisite for any public
policy and associated interventions. Impact assessment, in general, estimates
and predicts the attainment of the intended goals along with other likely ef-
fects and the consequences of a policy initiative. Policy impacts, in general,
are usually considered to fall into three categories: economic, social and en-
vironmental. These categories result in three corresponding types of impact
assessment, with their corresponding theories, frameworks and methods. Ob-
viously, approaches tailored to a particular category cannot analyse an inter-
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vention’s impact comprehensively, e.g., due to ignoring possible interactions
between the categories. A systems approach is required in order to analyse the
complexity of the policy issue and provide a holistic overview of the potential
policy outcomes [92].

Furthermore, while conventional impact assessment focusses on the ex-
pected effectiveness of interventions in fulfilling a predefined set of goals, the
goals might not represent the interests of all important stakeholders. More-
over, stakeholders perceive differently the importance of the goals. Ignoring
stakeholder preferences in the assessment might result in conflicts between
stakeholders, resistance to the implementation of the change, and ultimately
an unbalanced and non-comprehensive solution prone to undermining the ini-
tial intentions of the intervention.

The problem addressed in this research is defined as a lack of an integrated
public policy impact assessment approach capable of addressing system com-
plexity and the multi-stakeholder nature of the policy environment.

Artefacts developed A method framework (system design), as a set of inter-
connected techniques, methods and tools, for public policy impact assessment
has been developed. It couples the policy issue system modelling with the
stakeholder analysis and the preference elicitation. In particular, fuzzy cog-
nitive mapping is suggested to model a policy issue as a dynamic complex
system, which enables simulating changes in select variables over iterations
or time. The simulation outcomes are evaluated through the prism of various
stakeholder groups using the CAR method [16] for preference elicitation.

Demonstration and evaluation results The case study demonstrated the
applicability and relevancy of the approach as well as its feasibility and the
benefits of coupling system dynamics simulation modelling with preference
modelling.

While the suggested method framework is internally consistent, its applica-
tion to the case study required several assumptions and interpretations of qual-
itative data, which inevitably affects the accuracy of the results. The applica-
tion of the proposed approach is not intended to provide precise estimates, but
rather to outline potential developments of a policy. As the case study shows,
even the judgement-based data provides important insights into the complex-
ity of the issue, thanks to the explicit problem structure, systems modelling,
stakeholder profiling and preferences.

At the same time, a set of recommendations was developed to increase the
accuracy of the outputs of the simulation model, namely, to test these outputs
against historical data with an accompanying calibration of the model, and to
perform a sensitivity analysis for the elicited preferences. The policy issue
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model created in this research can be largely re-used to estimate other policy
options to improve the uptake of electric cars, e.g., creating green zones, free
parking, and exemptions from tolls. Moreover, the simulation can simulate the
compound impact of a set of options.

Research contributions The suggested method framework enables compre-
hensive stakeholder-based policy impact assessment, which not only estimates
the likely policy outcomes, but also analyses what threats and opportunities
those outcomes create for different stakeholder groups.

The framework provides a basis for further prioritisation of stakeholder
groups and the estimation of the acceptability/conflict-proneness of a policy
option. This helps guide policy implementation and associated communication
efforts.

Additionally, this research contributes with an impact assessment of the
policy of the subsidy towards purchases of electric vehicles in the UK. Not
only does the impact assessment identify clear groups of “losers” and “gainers”
from the policy, it also formulates, models, aggregates, and contrasts their con-
flicting interests. This validates the ability of the suggested method framework
to reveal and map potential opponents and proponents along with their “for”
and “against” arguments. Moreover, certain non-obvious “complications” of
the policy have been revealed and discussed, such as the risk of “vehicle di-
vide” and other hidden “socio-cultural” costs of the electrification of the trans-
port system.

Author’s contributions I contributed to all parts of the research presented
in PAPER V, including designing the method framework and applying it to
the case study. The SENSE4US project teammates helped explicate the gen-
eral problem of policy impact assessment, identify key requirements for the
framework, and provided inputs to the case study.

4.5 Toolkit for evaluating pandemic influenza interven-
tion strategies

Problem addressed The pandemic potential of influenza is a major public
health concern, and it is challenging to plan optimal contamination strategies,
even with the large availability of pharmaceutical interventions (PHI), due to
the conditions of deep uncertainty.

First, the rapid evolution of influenza viruses makes it impossible to predict
when the next pandemic will occur, what characteristics it will have, and what
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impact it will have on public health and society at large. The unpredictable na-
ture of influenza viruses dictates the need for flexible and broad pre-pandemic
planning, and intervention strategies should be robust under a wide spectrum
of pandemic scenarios [10; 81]. Secondly, determining policies for PHI is non-
trivial, as the interventions often complement each other, and therefore need
to be intelligently combined to achieve better efficacy. Given the dynamic
nature of infectious outbreaks, the timeliness of the interventions becomes a
crucial factor for successful containment. Finally, there are diverse and often
divergent values in healthcare. This hinders making tradeoffs in such decision
situations, and prevents building a consensus on how to comprehensively and
transparently evaluate the options and plan a pandemic response.

Artefacts developed We developed a scenario-based MCDA framework that
integrates a set of methods, tools, and techniques to comprehensively evaluate
a set of intervention strategies under several pandemic scenarios. In particular,
the framework suggests using a micro-simulation model to predict the public
health outcomes of interventions under the scenarios, an economic model to
estimate the socio-economic consequences, a swing method to elicit and model
stakeholder preferences, and a multi-attribute additive model to synthesise the
estimates and rank the alternative intervention strategies.

Demonstration and evaluation results The framework, along with its ac-
companying analytical models and methods, were applied to a case study of
influenza pandemic preparedness planning in Sweden. The case study demon-
strated the applicability and relevance of the suggested approach as well as the
feasibility and benefits of coupling epidemiology modelling, health-economic
modelling, and preference modelling. The intended objectives of the frame-
work were achieved, namely, (1) to explicitly frame the preparedness planning
exercise as a decision analysis problem, (2) to accurately assess the diverse
consequences of the intervention strategies under uncertainty, (3) to embed
stakeholder preferences into the decision recommendations.

The suggested framework has been considered as a formal decision evalu-
ation process at the Public Health Agency of Sweden for influenza pandemic
preparedness planning, showing the validity of the framework and its applica-
tions.

Research contributions The research contributes with (1) a method frame-
work for the integrated assessment of intervention strategies against pandemics
and the decision evaluation, (2) along with a microsimulation epidemiology
model, a health-economic model, and a decision evaluation model adapted
to the case of influenza pandemics, and, finally, (3) performance estimates
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of pharmaceutical intervention strategies under various pandemic scenarios in
Sweden, showing that cross-scenario robust strategies can be identified.

The framework (1) defines a reusable decision evaluation process to sys-
tematically generate and evaluate intervention strategies under uncertainty, (2)
links and synthesises the outputs of multiple estimation models, (3) and explic-
itly integrates stakeholder preferences into the decision recommendations.

This arguably contributes to the consistency and transparency of public
health decision-making, which should improve the effectiveness, legitimacy
and acceptance of the decisions. Therefore, the suggested framework has been
considered for adoption as a recommended decision evaluation process in pan-
demics at the Public Health Agency of Sweden.

Author’s contributions I contributed to all parts of PAPER VI, including
the design of the method, its application to the case study, and the analysis
of the results of the case study. Jointly with the second author, I identified
the research problem, adapted state-of-art scenario-based MCDA approaches,
provided the requirements to the microsimulation and health economic models
development, led workshops with the experts and communicated intermediate
results of the decision evaluation.
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5. Conclusions

Project context can be defined as the complex, dynamic, uncertain and multi-
stakeholder environment within which the goals of a project have to be ful-
filled. These characteristics of the context make project appraisal, particularly
external risk assessment and estimation of long-term impacts, challenging. At
the same time, the context has a significant impact on the execution of the
project as well as on its strategic outcomes. Due to these challenges and their
significance for a project’s success, context has long been recognised as one of
the three priority domains for project management research [25].

The overarching question guiding this research has been “How can context
analysis be facilitated to help plan strategic projects?”. This thesis suggests a
set of analytical frameworks and tools to help understand various aspects of
project context and handle the uncertainties associated with them. Table 5.1
summarises the research projects presented in the thesis.

One observation of the research is that project context is a multi-faceted
concept. Therefore, in this thesis, the context is conceptually represented
through three dimensions: the organisation of the project, the external environ-
ment of the project, and the stakeholders in the project. Thus, three research
sub-questions were derived.

The first sub-question is “Q1 How can the alignment between a project
and a strategy of the organisation be assessed?” To address this question, I
suggest a method for assessing the strategic fit of project (PAPER I). This study
considers the strategy of the organisation and the set of its strategic objectives
as context factors defining the success of the project. In particular, the study
introduces a method to measure the degree of alignment between a project and
a strategy, in other words - the strategic fit of the project.

This allows explicit rankings of projects by the values of their strategic
fits; alternatively, these outputs can further be used in the multi-criteria project
portfolio evaluation setting. Thus, the suggested method enables project man-
agers to quickly and effectively integrate an assessment of the strategic fit into
project evaluation and selection processes.

The second sub-question is “Q2 How can the impact of the external
context on the project outcomes and success be assessed?” The study pre-
sented in PAPER II and PAPER III attacks this question through defining and
operationalising the concept of a project context factor. The study unifies the
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concepts of the assumptions and risks used within the Logical Framework Ap-
proach [91] under the concept of a context factor, which also offers a com-
prehensive and balanced view of the external project environment as a source
of both threats as well as opportunities. A method for estimating the impact
of a context factor on the results of a project was designed, implemented, and
tested on a real life case.

The method was complemented with a categorised list of context factors
specific to the Information and Communication Technologies for Development
(ICT4D) domain, and it was implemented as an integral part of the web-based
decision support system for ICT4D project planning. The resulting tool can
support project managers in project planning under uncertainty by allowing
them to test their project designs and expected outcomes against the target
external environment.

The study presented in PAPER V investigates the domain of public policy
planning and represents the external context as a dynamic system of causally
interconnected factors, in which a public policy intervenes. The study sug-
gests using the value network approach to identify the relevant context factors
and a fuzzy cognitive mapping technique to explicitly model the cause–effect
relationships between them. This enables estimating how well a given policy
intervention can achieve its goals as well as guides further policy formulation.

The study presented in PAPER VI investigates the domain of influenza
pandemic preparedness planning. The unpredictable and complex nature of
influenza epidemiology creates various uncertain future contexts for interven-
tion strategies, thus investigating various pandemic scenarios becomes crucial
for an assessment of the performance of an intervention.

In order to adequately estimate the impact of the context on the success of a
project, I found it beneficial to represent the project environment as a complex
system. This enables structured modelling, simulation, and prediction of broad
project outcomes under diverse possible futures.

The third sub-question is “Q3 How can the project risks created by
differences in the stakeholders’ preferences, interests, and expectations
be assessed?” This question is addressed by the research projects presented
in PAPER IV and PAPER V. These studies suggest profiling and grouping
stakeholders by their general interests and objectives, and modelling their at-
titudes using preference elicitation techniques borrowed from the field of de-
cision analysis. The estimated project outcomes can be contrasted with the
modelled stakeholder expectations and objectives, enabling the prediction of
the stakeholders’ attitudes to the outcomes. Both negative and positive atti-
tudes along with their intensities are represented. This constitutes a base for
an analysis of the vulnerabilities and opportunities of a project, as well as an
assessment of its proponents and opponents.
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Final conclussions As have others [30; 54; 62; 101], I found the formal
approaches employed in this research, e.g., decision and system modelling,
as well as uncertainty assessment, to be valuable for attacking the challenges
related to contexts, namely, complexity and uncertainty. These approaches
helped structure the problems, formulate the reasoning for possible solutions,
and guide the design process towards reducing the most significant uncertain-
ties.

Additionally, the assessment approaches, presented in PAPERS IV,V, and
VI, have explicitly coupled systems modelling with preference modelling, i.e.,
they use a system model to estimate various outcomes of the intervention and
a preference model to interpret these outcomes through the perspective of the
decision-maker or the stakeholder groups. This approach has demonstrated the
ability to flexibly synthesise the knowledge and support “sense-making” in a
complex situation.

Finally, the presented studies have explored the multi-faceted concept of
a project context and suggested ways to operationalise it. From these studies
a conclusion can be drawn that no single approach is capable of adequate and
comprehensive assessment due to the multiple dimensions and varying level
of uncertainty characterising the project context. Therefore, an assembly of
integrated methods and techniques is required.

Future research While the methods and models presented in this thesis han-
dle the uncertainty associated with the project environment and impact assess-
ment, they do not always explicitly assess the uncertainty within the applica-
tion models. One way to improve the application of the developed methods is
to conduct a sensitivity analysis. In this regard, methods for objective robust
decision making [46] might inform the explicit assessment of the degree of
uncertainty and generate robust alternatives. Similarly, further research is re-
quired to guide the integration of impact assessment outputs into project plan-
ning practices. A practical question arises of how to generate a better project
design given the insights from the context assessment. In this light, a line of
research on multi-objective optimisation [59] and its applications for dynamic
adaptive planning [24] exhibits good potential.
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