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Abstract 
This thesis gives an example of how decision analytic methods can be applied to 
choices in the adoption of cloud computing. The lifecycle of IT systems from 
planning to retirement is rapidly changing. Making a technology decision that can be 
justified and explained in terms of outcomes and benefits can be increasingly 
challenging without a systematic approach underlying the decision making process. 
It is proposed that better, more informed cloud adoption decisions would be taken if 
organisations used a structured approach to frame the problem to be solved and then 
applied trade-offs using an additive utility model. The trade-offs that can be made in 
the context of cloud adoption decisions are typically complex and rarely intuitively 
obvious. A structured approach is beneficial in that it enables decision makers to 
define and seek outcomes that deliver optimum benefits, aligned with their risk 
profile. The case study demonstrated that proven decision tools are helpful to 
decision makers faced with a complex cloud adoption decision but are likely to be 
more suited to the more intractable decision situations. 
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1 Introduction 
Cloud adoption is the trend towards moving the delivery of software applications away 
from hardware and facilities, owned and used by an organisation (i.e. on-premise) and 
onto to a “pay for usage”, shared IT resourcing model. Cloud computing changes the 
way in which Information Technology (IT) infrastructure delivers benefits to an 
organisation. It transforms IT from something that is built as a structure, into 
something that is paid for as a service, based on volume over time, just like metered 
payment for water and electrical utility supply. This has meant that IT costs can be 
based on actual usage, rather than based on forecast usage. Once IT teams no longer 
need to plan capacity, order equipment, build, deploy and maintain systems, they can 
choose to spend more time to innovate, drive efficiencies and improve customer 
service quality. They can shift their focus from the adoption and delivery of 
technology, to the benefits of transformational change that technology can enable. 
When we refer to “cloud” we are referring to the pooled IT resource sharing at a 
massive scale that is provided by the larger public Cloud Service Providers (CSPs) 
such as Amazon Web Services (AWS), Google and Microsoft (See Appendix 5: 
Glossary of Terms). 

Whilst this change in the delivery model for IT services is underway, the approach 
to IT planning and decision making is also changing. Change can introduce a greater 
perception of risk and uncertainty around decisions. Up until recently, technology 
strategy decisions have largely been the domain of IT and procurement professionals. 
It has been common to base decision choices on cost benefit analysis, where the 
measure is monetary, as well as cost effectiveness, which measures the wider impact 
of change. Technology decisions are rarely made based on a single criterion such as 
cost reduction. The decision will depend on trade-offs between criteria such as 
security, scalability, cost, legal terms, performance and speed. Rules of thumb and 
intuition rarely suffice. Without a decision structure, biases and poor decision framing 
can reduce the potential for beneficial outcomes and learning opportunities. 

CSPs such as AWS offer advice to help organisations in their adoption of cloud 
computing technologies. This includes the AWS Cloud Adoption Framework (CAF), 
(Amazon Web Services 2017). Such publications provide theoretical guidance on 
technology adoption rather than practical decision tools that could drive wider benefits 
through change. There are many research papers advising decision makers on the use 
of Multi-Criteria Decision Analysis (MCDA) in cloud. However, these tend to list and 
describe MCDA techniques. For example, research conducted by Whaiduzzaman M, 
(2014, pp. 2-8), lists and describes MCDA techniques but does little to advise on how 
to specifically use them in the context of actual cloud adoption decisions. A lack of 
specific tooling for cloud adoption may not be the reason why active use of MCDA 
has not been identified by the author to date in the context of cloud adoption. Perhaps 
the problem is putting the tooling in a clear context and advising on which tool or tools 
are most appropriate and at what stage of the decision making process?  

The author’s experience points to people and process being common barriers to 
change. This is corroborated in research performed by others over many years. For 
example, in the late 1990’s this theme of procurement teams not changing their 
processes to meet evolving needs was well established (Beaumaster 1999, pp. 69-74). 
In the author’s experience, technology adoption usually follows discussions by a 
decision team, but ultimately there is one individual who compares the decision 
options based on overall weighted scores in a simple cost and features comparison 
model (Figure 4). That person then makes trade-offs based on their own framing of the 
problem to be solved before deciding on a supplier. That approach does not provide a 
framework for in-depth analysis based on the relationships that exist between the 
different decision influences and aspects (i.e. factors, criteria or attributes) and how 
these determine the possible outcomes. 
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In other cases, the author’s experience is that senior executives delegate decision 
evaluation to middle management teams who have limited experience of cloud 
services and can struggle to justify their decision choices. A survey of about 140 IT 
professionals found that 95% of decisions to build and run private cloud failed to 
deliver the business benefits expected (Bittman 2015). Only 6% of respondents 
claimed the cause of failure was due to technology choices. Over 80% of the 
respondents cited poor decision making (e.g. lack of planning, focusing on the wrong 
things, etc.). This scale of decision failures illustrates the scope for improvement in IT 
decision making methods. 

An inherent problem with human decision making is that intuition is seldom 
enough when faced with complexity and time limitations and many people do not 
realize this (Borking et al. 2010, Preface, p. X). Intuition comes from the Latin word 
Intueri, meaning to view or observe. It provides a surface level understanding of a 
situation and the decision needed to generate the most beneficial outcome. Decision 
makers can even react negatively to the idea that structured decision methods and tools 
are useful in deriving better outcomes than their own experience, intuition and good 
judgement. However, people are usually not as rational and unbiased as they would 
like to believe. If a decision is made without properly framing the problem to be 
solved and how the alternatives compare, the risk of a poor outcome is higher. Where 
the risks associated with the consequences of a decision are high, there is value in 
capturing, assessing and communicating information within a decision team so that a 
comprehensive list of decision options can be created, lesser alternatives can be 
eliminated and then an optimum decision path chosen. 

MCDA is a commonly used approach for solving multi-criteria decision problems. 
It requires assessment of the relative merits of various decision options. It involves a 
structured process for making trade-offs to elicit a decision option that delivers 
maximum benefit, all things considered. It is known in both industry and government, 
(Dodgson et al. 2000, pp. 6-7) as an approach for assessing complex decisions. 

Cloud adoption is a decision that is often complex, influenced by multiple criteria. 
It is a typical example of a decision which could benefit from MCDA approaches and 
methods. The migration of IT service delivery from on-premise, owned IT systems to 
third party CSPs is a trend that is still in its early stages, so decision makers are faced 
with some uncertainty over outcomes. There is little empirical evidence with which to 
assess the probability of consequences, so to reduce ambiguities, we have relied on the 
degree of confidence of the decision team in the accuracy of their performance levels 
across each aspect in decision alternative, based on their experience and past accuracy 
in similar pre-procurement analysis. We have only used numerical measurements 
where the decision team has had a high, albeit subjective, level of confidence in their 
accuracy. This paper demonstrates how MCDA could be usefully applied to complex 
IT decisions in cloud adoption.  

1.1 Purpose 
This paper presents the decision context of cloud adoption in IT, then examines the 
impact of applying MCDA tools and techniques. The core question behind this study 
is: how can a decision analytic approach be applied in a cloud computing decision 
context, in order to find the most beneficial alternative, all things considered, given 
the decision maker’s underlying preferences? 

In addressing this question, consideration is given to the sort of decision aspects 
that are most relevant, the potential for bias to influence outcomes and how decision 
makers can make better decisions than those based on basic methods and intuition. 

1.2 Scope 
The scope of this paper is analysis of the cloud adoption decision. This is the decision 
on whether to move software applications and workloads (i.e. discrete clusters of 
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processing that will run on cloud computing), from an on-premise, physical 
infrastructure, owned by the organisation using it, to a cloud computing environment. 

The on-premise alternative to cloud will typically be comprised of physical assets 
(e.g. hardware, software and facilities), which are sourced, purchased, integrated and 
then managed and replaced or retired over time. This study excludes the evaluation of 
various procurement practices and how these are used to choose between competing 
suppliers of IT services, including cloud. This paper will limit its analysis to the 
decision on whether to buy IT resources as an owned asset, built into a structure and 
then usually classified as a capital expense, or to source them as a service and so 
classify them in financial statements, typically as an operating expense. 

1.3 Background 
The background to this paper is the nature of the author’s activities within AWS. AWS 
is a subsidiary of Amazon Inc. and has an annual turnover of over $ 12 Billion. It 
specialises in global cloud computing services as a CSP. It was founded in 2006 and is 
now a global operation that provides cloud based IT infrastructure at scale to many 
organisations, such as GE, CapitalOne, Netflix, BP and ENEL. The author is 
employed by AWS to provide business case support to companies considering cloud 
adoption. In this role, the author’s core activity has been cost-benefit analysis with a 
generally accepted view of maximised monetary gain as a preferred outcome. A more 
balanced view of benefits based on wider criteria has often been requested by AWS 
customers, so it was decided to assist selected customers with MCDA to see whether 
their decision teams found that the method and quality of their decision making could 
be improved. 

1.4 Structure 
Following the introduction of Chapter 1, this thesis offers a definition of the research 
methods and tools to be used in Chapter 2. It then presents a context for cloud 
adoption, the issues faced by decision makers and how decision making and trade-offs 
are typically managed without MCDA tools and techniques in Chapter 3. That 
background illustrates the potential benefits of MCDA. Chapter 4 provides further 
contextual information around decision making, considerations of heuristics and how 
the structure of the PrOACT method (i.e. Problem, Objectives, Alternatives, 
Consequences, Trade-Offs), of Hammond et al (1999) aids decision makers in framing 
problems before selecting a preferred decision alternative. PrOACT is not applied to 
exactly the same level of detail as described by Hammond et al. Rather it is being used 
as a way of building a definition and a context around the problem to be solved. The 5 
core PrOACT steps provide a reference point, so that problem framing can be 
achieved in a simple, repeatable way, before the decision analytic approach is applied. 
In section 4.2, this thesis introduces the concept of a multi-attribute utility function 
and how the swing-weighting method can be used to elicit weight coefficients to be 
used in an additive utility function (Clemen & Reilly 2014). In Chapter 5, an 
organisation is selected and used as the subject of the case study. The purpose of the 
case study is to demonstrate how the swing-weighting method can be used in a cloud 
adoption decision. The nature of the decision is to select an approach to IT service 
delivery where cloud adoption is included as an option in the list of decision 
alternatives. The success of the case study exercise was determined by the opinion of 
the participants. 
 
2 Method and Materials 
The approach of this paper has been to combine desk based research in the form of 
literature review, together with insights gained through working directly in the cloud 
computing industry. The methodology is to start with a description of the decision 
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problem and its context. Then progress to an examination of the benefits, risks and 
uncertainties of cloud adoption and how those can be evaluated. 

The method has been to first investigate decision aspects, objectives and possible 
forms of measurement. This was done through research and experience to create a 
consolidated list of suggested decision criteria. The participants in the case study could 
then easily select items from that list or add to it, to more quickly get to agreement on 
what was important in their decision and why. The decision aspects and objectives 
were discussed and selected whilst referencing the Hierarchy of Benefits presented in 
Figure 6. 

To test the approach and generate learnings, a pilot stage was included in this case 
study research. This pilot was conducted with an anonymous business referred to in 
this thesis as Company X. The learnings were then applied with the main subject of 
the case study, Organisation Y. The decision analysis was conducted using a list of 
objectives and decision aspects that had been agreed with the decision team. 

2.1 About Company X  
A UK based retail business with a network of shops and revenues of over £ 1 Billion. 
It operates several data centres which are each over 5 years old and whose cost 
efficiency was being questioned. There is a longstanding tradition of building and 
operating IT systems and a preference within the IT team of continuing the status quo. 
The motivation to drive change was mainly financial. Cloud adoption was being 
assessed as a possible solution along with other options that included further IT 
hardware purchases. The decision maker was the Chief Information Officer (CIO). His 
decision team was divided on the benefits of cloud adoption. In the author’s opinion, a 
culture of risk aversion had resulted in decisions either taking a long time to make and 
execute or being made and then lacking the management support needed for efficient 
execution. 

2.2 About Organisation Y 
A UK public sector academic institution and research facility. There has been a long 
tradition of building in-house IT systems and such investments are quoted in the 
2015/16 Annual Report & Accounts. For example, a £ 2 million investment was made 
in a high-performance computer which provides the power of 1,000 standard 
computers and “will allow our academics to complete research which has not been 
possible before”. 

Organisation Y’s IT capabilities are fundamental to both the success of its current 
projects and the sustainability of its future operations. The differentiating factor 
between Organisation Y and its peers is the time it takes to deliver new insights and 
discoveries. As part of the overall expansion and modernisation of its IT capabilities, 
the question is whether to continue to invest in building new, cutting edge data centres 
and IT systems or to try new technology approaches such as cloud computing or even 
new financial arrangements such as IT Outsourcing (ITO). The need for an 
increasingly faster, more flexible IT capability had led the Director of IT to propose a 
review of the available IT platform and service options. It was decided that in addition 
to normal business planning exercises, the decision team would use MCDA and 
leverage the outputs to question and validate their choices and improve their ability to 
communicate those choices to other decision stakeholders. To minimise the impact of 
bias and internal politics and maximise the value of an independent perspective, it was 
decided that a trusted advisor, Red Oak Consulting1 would govern the overall case 
study process. Red Oak Consulting specialises in IT project planning, risk and 
recovery. Their typical consulting approach is to assess the value of activities 

                                                             
1 http://redoakconsulting.co.uk 
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undertaken by decision stakeholders and use that to evaluate the probability of success 
in bringing IT projects to completion within cost and timelines. Red Oak Consulting 
validated the author’s view that MCDA is not commonplace in cloud computing 
decisions and saw this case study as a potentially useful way of applying their data 
gathering and risk assessment methods within a new structure and tooling. 

2.3 Case Study Research Method  
The process to case study research employed in this thesis is derived from the steps 
laid out by Eisenhardt (1989) as adapted in Figure 1. This provided a framework for 
describing, discussing and evaluating the study.  
 

Step Activity Reason 
Getting 
Started 

Define the research question 
Possible a priori constructs 
Neither theory nor hypothesis 

Focusing efforts 
Provides better grounding of construct measures 
Retains theoretical flexibility 

Selecting 
Cases 

Specified population 
 
Theoretical not random 
sampling 
 

Constrains extraneous variation and sharpens external 
validity 
Focuses efforts on theoretically useful cases – i.e. those 
that replicate or extend theory by filling conceptual 
categories  

Instruments 
and 
Protocols 

Multiple data collection 
methods 
Qualitative and quantitative 
data combined  
Multiple investigators 

Strengthens grounding of theory by triangulation of 
evidence  
Synergy based view of evidence 
 
Fosters divergent perspectives 

Gathering 
data 
(entering the 
field) 

Overlap data collection and 
analysis including field notes 
Flexible, opportunistic data 
collection methods 

Speeds analyses and reveals helpful adjustments to 
data collection 
Allows investigators to take advantage of emergent 
themes and unique case features 

Analysing 
data 

Within case analysis 
 
Cross-case pattern search 
using divergent techniques 

Gains familiarity with data and preliminary theory 
generation 
Forces investigators to look beyond initial impressions 
and see evidence through multiple lenses 

Shaping 
Hypothesises 

Interactive tabulation of 
evidence for each construct 
Replication not sampling logic 
across cases 
Search evidence for “why” 
behind relationships 

Sharpens construct definition validity and 
measurability 
Confirms, extends and sharpens theory  
 
Builds internal validity 

Enfolding 
literature 

Comparison with both 
conflicting and similar 
literature 

Builds internal validity, raises theoretical level and 
sharpens construct definitions, sharpens 
generalisability, improves construct definition and 
raises theoretical level 

Reaching 
closure 

Theoretical saturation when 
possible 

Ends process when marginal improvement becomes 
small 

Figure 1: The process behind case study research (from Eisenhardt 1989, p. 533). 

All research has a set of assumptions that guide its path and given the qualitative 
nature of much of this research, it is important to highlight the philosophical 
assumptions behind the method (Myers 2009, p. 35). In this case, the method is 
aligned to “classical action research” (Myers 2009, p. 60), since we are applying an 
empirical test of a possible solution as a case study and then monitoring its effects. 
Such qualitatively centred research, is an activity that describes the world from the 
perspective of the observer going through a process of research that moves from 
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philosophical assumptions to interpretation to procedures for studying the problem 
(Creswell 2009, pp. 43-47). 

In preparing for this study, care was taken to use multiple sources of evidence. This 
included the review of web based articles, published web based interview transcripts 
and white papers. It was also possible to benefit from the experience and insights 
provided by Red Oak Consulting, as an objective, trusted advisor. By using the 
research strategy of a case study, the activities conducted in this thesis are bounded by 
time and activity. Case studies are ideally suited to answering “how” and “why” type 
of questions (Yin 1994, p. 9). The approach adopted is pragmatist in its handling of 
case study research, since it is centred on a core problem and its consequences. It is 
pluralistic in the forms of analysis applied and orientated towards real world practical 
application (Creswell 2009, pp. 11-12). The evidence used is largely qualitative since 
it is based on a single case study rather than a wider sample. Within the case study, the 
participants in the MCDA exercise provided quantitative data for the performance 
levels in each of their decision alternatives, to be used within swing weighting (e.g. 
costs, time periods, number of cores). 

However, some activities described by Eisenhardt (1989), such as “cross case 
pattern search” were not really applicable within the scope of this single case study 
and “quantitative data” was largely confined to data inputs for MCDA rather than the 
single case study which was more “qualitative”; its outputs reflecting the feedback and 
opinions of the participants. 

The participants in this study were employees of AWS, its customers and the 
decision teams and advisors in Company X and Organisation Y. The quantitative data 
was limited to the subjective scoring performed when assessing the decision trade-offs 
over a typical decision cycle. Company X and Organisation Y were selected based on 
the size of their past IT investments and the stated perception of their senior 
management teams that there was scope for improvement in decision making and its 
outcomes. Eisenhardt’s process to case study research provided the structure for the 
case study presented in Section 5. 

Following the pilot study with Company X, it was decided that the optimal 
approach for assessing the practical value to decision makers of decision making 
through MCDA, would be to focus on organisations where the decision team was 
sufficiently mature in its experience and capabilities and aware of limitations in its 
current decision making practices. Company X was seen as “immature”, since its 
decision team were, in the author’s opinion, willing to continue to make and accept 
choices through their established decision making methods. In terms of the number of 
successful IT projects completed on time and on budget, those decision making 
methods were not performing well enough in the opinion of their CIO. If a decision 
team viewed their process of arriving at a decision as rational and effective without 
looking for empirical evidence of success and investigating their potential for 
improved outcomes, their potential to benefit from MCDA was seen by the author to 
be limited.  

The study of Company X was used as a pilot to identify gaps, check assumptions 
and test the method of research. The learnings from that pilot were examined before 
the research progressed to the main case study of Organisation Y. The decision makers 
in Organisation Y would be the ones to determine whether MCDA had indeed been 
more effective than their current practice in decision making and would be asked to 
provide their assessment of the efficiency and practicality of the method.  

The research was limited to using a single case study in a specific sector with a 
preparatory pilot used to refine the method. To extrapolate further insights into the use 
of MCDA, a wider range of organisations and sectors would need to be examined. 
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3 Overview of IT Infrastructure Decision Making 
The objective of this section is to present the context of cloud adoption, the 
importance of the cloud adoption decision and how it is typically approached. In all 
cases experienced by the author, the cloud adoption decision was managed by IT 
managers, with little input from other stakeholders. There was no evidence available to 
the author of any structured approach to MCDA being used rather than simple cost 
benefit and cost effectiveness analysis. To understand the potential impact of MCDA, 
it is useful to define cloud computing and investigate how and why the adoption of 
cloud technologies can have such a transformational impact on organisations’ 
performance. 

3.1 About Cloud Computing 
Cloud computing comes in several forms (Kepes 2016): 

 
a) Software as a Service (SaaS) where software is licensed and distributed on a 

subscription basis, using a third party’s hosting (e.g. Salesforce). 
b) Infrastructure as a Service (IaaS) where a third-party service provider hosts 

and manages IT systems and software remotely to be scaled to match 
demand. 

c) Platform as a Service (PaaS) where a third-party service provider provides 
hardware and software tools for development. 

 
Cloud computing is defined by its features, service models and deployment 

approaches. Cloud is on-demand, accessible from multiple devices, from pooled IT 
resources that can scale up and down easily and where usage is measured 
transparently. There are four main types of cloud computing models (U.S. Dept. of 
Commerce, NIST 2011, p. 2): 

 
(a) Public Cloud (a third party’s IT that is shared as a utility by multiple users) 
(b) Community cloud (a group that shares usage of a cloud they built and own) 
(c) Private Cloud (cloud principles applied to an on-premise IT infrastructure)  
(d) Hybrid Cloud (where one or more private and public clouds interconnect) 

 
These are differentiated based on decision aspects such as cost, security, 

architecture, economic models and their impact on people and organisations. Whilst 
the four NIST models reflect how cloud technologies can be used, the single largest, 
most scalable and hence most efficient model is Public Cloud. This is the model most 
commonly referred to in this study as “cloud”. References to private cloud will be 
made in this study since it is a commonly used term. However, the attributes of private 
cloud are limited in scale and scope to what can be physically bought, built and 
innovated by an organisation’s own in-house IT team. 

3.2 The Impact of Cloud Computing 
Cloud computing has introduced fundamental changes to the way that IT systems are 
assessed, purchased and used, to the extent that IT has become a source of competitive 
advantage for businesses. In a Financial Times article, it was reported that Barclays 
Bank in UK sees digital technology as crucial to its future (Dunkley 2016). This 
emergence of IT as a core competence has happened before. In the 1980s and 1990s, 
the market for slow, process heavy mainframes became disrupted by the adoption of 
Personal Computers (PC) and the productivity gains that drove their adoption through 
end-user computing. With similarities to cloud adoption today, the 1980s and 1990s 
saw computing power and ease of use take a giant leap closer to the end-user. This led 
to a transformation of IT and the organisations it serves. 
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Doll & Torkzadeh’s study (1988), into why the PC delivered superior end-user 
satisfaction draws interesting parallels and precedents for how success in cloud 
adoption could be evaluated in the context of MCDA. Traditional data processing 
involved an indirect relationship between the end-user and the IT systems, 
intermediated by analysts and programmers. PCs gave end-users direct access, 
influence and responsibility for their own data and applications. At that time, a lack of 
adequate mechanisms to evaluate the effectiveness of end-user computing was 
identified. Research led to five key aspects of assessment for end-user computing being 
categorised as content, accuracy, format, ease of use and timeliness (Doll & 
Torkzadeh, 1988, p. 266). As with end-user computing, cloud computing also 
disintermediates third parties and so drives agility and efficiency gains. With cloud 
adoption, IT infrastructure teams and sometimes even procurement groups can lose 
their usual place in the decision making process. End-users access and take 
responsibility for their own IT resources. The emergence of cloud computing as an 
enabler of overall digital transformation is creating a change of a similar magnitude to 
that witnessed with the emergence of PCs and end-user computing. The potential 
benefits of this change are illustrated in a magazine article; Mark Knickrehm from 
Accenture claims that, “the U.S. could add almost half a trillion to GDP in 2020 
through an optimal combination of digital adjustments to skills, capital and other 
accelerators” (Knickrehm 2016). 

As with end-user computing, cloud computing represents a coming together of two 
major trends. Firstly, computing has been getting cheaper whilst delivering higher 
processing power. The result is that businesses have come to rely on IT more to enable 
capabilities that are a source of competitive advantage, such as faster product releases, 
better customer service, business intelligence and superior innovation. These are far 
more strategic outcomes for IT than building and running technology systems. 
Secondly, the ability to pool IT resources at scale, process large volumes of data, 
respond to customer needs quickly and innovate with a culture of continuous 
improvement is now a strategic game changer. 

Cloud adoption is sufficiently complex, uncertain and far reaching in its 
consequences for a structured approach to trade-offs to be advisable. It was surprising 
to the author not to find evidence of MCDA being applied widely in cloud adoption 
decisions. Cloud adoption decisions are strategic and need thorough due diligence. It 
has been estimated that 80 per cent of enterprises see cloud as integral to broader IT 
strategy (Hilton 2016). A wrong choice increases the impact and likelihood of risks 
such as cost inefficiencies, security breaches, performance limitations and declining 
competitive advantage. Cloud adoption decisions can impact the value of companies 
and the job security of employees. A 2015 Survey from PricewaterhouseCoopers 
found that cloud adopting companies are typically disruptive and out-perform their 
less agile competitors (Curran 2015). The growth of Amazon as a cloud based, on-line 
retailer and the decline of its more traditional competitor Barnes and Noble illustrates 
this trend and its potential impact (Janetschek 2012). 

3.3 The Context of Cloud Computing Decisions 
Cloud adoption is more than a technology change. It is a choice that decides where an 
organisation will focus its time and resources: on driving growth, efficiency and 
serving customers better, or on buying and running IT systems. 

For many the choice of focusing on running IT systems is framed by their 
adherence to the ITIL® (Information Technology Infrastructure Library) approach 
(See Appendix 5: Glossary of Terms). ITIL is a system that is largely focused on 
service management in IT, rather than the continuous evolution of the underlying IT 
architectures and how these enable services to be created and deployed in line with 
business needs. In contrast, the “DevOps” approach has emerged to break down the 
walls between IT and business operations and create a far more collaborative culture. 
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IT and operations work together to simplify systems and increase productivity (Gates 
2015). In this context, increased benefit is usually measured in terms of the number of 
new software releases, products and features. Whereas ITIL is highly planned, static, 
documented, process based and sequential, DevOps is more dynamic, iterative, 
experimental, collaborative and agile. For a DevOps culture, cloud computing is ideal, 
because, unlike traditional ITIL based IT delivery, it can rapidly speed up the process 
of innovating, failing fast and applying new learnings to drive continuous 
improvements (Bloomberg 2015). DevOps drives efficiency so it needs a highly 
automated, flexible IT service. It is no surprise that cloud computing is often preferred 
by DevOps adherents (Gillin 2015). 

Since traditional IT practices (e.g. ITIL) and those better enabled by cloud 
computing (e.g. DevOps) are different, the traditional approach towards choosing 
between different IT systems may not be appropriate to cloud services. MCDA is 
important in cloud adoption decisions because it helps decision teams to structure and 
understand how and why choices are being made between different alternatives. When 
considering a method for complex decision making, the author believes that people 
tend to be more willing to accept decision choices if they can see the process of 
decision making as rational. MCDA gives those involved in the decision the 
opportunity to clearly present and explore their opinions by incorporating preferences 
over the decision cycle and the opportunity to challenge or validate the rationality of 
the approach.  

Cloud adoption has both supporters and detractors, especially over the trade-off 
between security and cost savings (Corbin 2015). There may be no apples-to-apples 
comparison between owning and operating physical IT systems and accessing IT 
capabilities through the systems of CSPs. A cloud adoption decision can be so 
important that perhaps it should be evaluated with the same rigour as a major 
investment. It would then be subject to the same types of structured analysis and due 
diligence as any other high impact decision (Courtney et al. 2000). To illustrate the 
scale of cloud adoption, 69% of businesses participating in a survey expected to make 
moderate to heavy cloud investments over the next three years (Knickrehm 2016). 
With so much change, there will be multiple stakeholders who will be affected by 
decisions to adopt cloud. They will bring different emotions, perspectives, objectives, 
biases and attitudes to risk, which can influence the decision making process, 
timescales and outcome. 

Cloud adoption comes with a sharing of control, ownership and (to a contractually 
defined extent), liability from the buyer of cloud services to the CSP. Once IT 
capabilities are sourced and used based on a new set of decisions, an organisation’s 
people, processes and technology environment will also change. All the activities, 
risks and controls associated with tasks that used to be managed in-house, will need to 
be redefined when direct control of IT is no longer seen as a beneficial decision aspect. 

If the decision is made to address cloud adoption based on cost reduction only, it 
will typically reflect the narrow decision frame of those rewarded for reducing cost. 
Such decision framing could apply to many IT and procurement teams. The structure 
provided by MCDA also helps facilitate group decision making. There can be delays 
in decision making when different affected parties have their own, different and 
potentially conflicting frames of the decision. Finance and risk teams might focus 
more on cost efficiency over time, compliance and the strength of governance. Sales 
and marketing may see value in the speed of product delivery and the quality of 
customer service. Developers are usually keen to see their productivity increase. For 
change decisions to be possible, it has been estimated that at least 75% of an 
organisation’s management team needs to decide that the status quo is unacceptable 
and a decision to act and drive change as necessary (Kotter 1995). Decision delays due 
to lack of group consensus can prolong the status quo as the default situation and make 
choice just a perception, where change is elusive. Not taking a decision is an outcome 
which carries its own consequences. If MCDA enables faster agreement within 



10  

decision teams, then it would in effect, expand the actionable decision alternatives 
beyond the Status Quo, making choice a reality.  

The adoption of cloud computing is typically made based on imperfect information. 
Whether it is cost analysis, performance statistics or process delivery times, IT metrics 
are open to interpretation. For example, the author finds that IT teams have a tendency 
to overestimate the degree of utilisation of their IT systems, whilst underestimating the 
costs and risks of running them. Performance statistics can depend on how system 
availability is defined and whether a CSP’s periods of “scheduled maintenance” 
counts towards unavailability. Given the uncertain cost and performance outcomes of 
a decision to adopt cloud computing, imperfect information and the many perspectives 
from which it can be evaluated, it is a complex decision. 

3.4 Trade-Offs in IT Infrastructure Decision Making 
Just as the decision to adopt cloud carries risk, so do the other, sequential decisions 
associated with it. For example, the move into cloud involves a move away from 
running on-premise IT systems and by implication, much of the process, people and 
skill sets that come with it. This is known as “migration”. The risks associated with 
migrating away from traditional IT facilities and practices include a failure to realise 
expected benefits and for key decision aspects such as performance and security to 
deteriorate. 

The efficiency gains that the migration from on-premise to cloud computing 
enable, come from eliminating the trade-offs inherent in traditional, owned IT. For 
example, a key question for those provisioning on-premise servers may be when and 
how many servers to transition to each power state to meet demand and minimise 
energy and reliability costs (Guenter et al. 2011). If servers are always on, there is a 
cost, but availability and reliability will be high. If servers are set up to meet demand 
with on-off cycles to reduce energy costs, there is wear and tear that impacts 
reliability. There is ultimately a trade-off between building IT for cost reduction or 
risk reduction. Cloud computing requires decision makers to consider a new set of 
trade-offs. Cloud based businesses trade direct control over assets for the ability to 
scale IT resource to almost infinite levels, with services made available immediately 
and cost matched to actual usage. Trade-offs and uncertainty are commonplace in 
decision making and in the author’s opinion, their impact is often under-estimated. 
MCDA helps decision teams to focus more on uncertainty since it needs to be 
considered at every stage of the process of MCDA. There can be uncertainty in the 
selection of the decision analytic method and tooling, the choice of decision aspects, 
the availability of information and the assignment of weights. MCDA gives decision 
makers a rational framework within which they can consider their trade-offs and 
decision options in more depth before acting. 

Organisations often have written policies to guide decision making, but the author’s 
observation is that these seem to either be rarely used or are applied in a superficial 
way. For example, the UK Government is clear that MCDA can be considered when 
evaluating major projects and other investment decisions (Dodgson et al. 2000, pp. 6-
9). Its application is not evident in the author’s opinion. 

3.5 Aspects of Cloud Adoption Decisions 
When assessing the benefits of cloud adoption vs. on-premise IT systems, it can be 
difficult to draw a fair comparison since the two are so different. There are multiple 
criteria that can contribute to a successful outcome, represented to different degrees by 
various decision alternatives. A rational decision maker’s evaluation of preferences 
when facing choices that have uncertain (i.e. probabilistic) outcomes, will involve 
maximising the expected value in the outcome. The associated utility function could 
be presented as a graph, where the shape of the utility curve reflects the decision 
maker’s attitude to risk (Clemen & Reilly 2014, pp. 640-645). 
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There is no single perspective through which all stakeholders can evaluate utility 
gains and measure benefits. There is too much variance, uncertainty and subjectivity 
around outcomes and how different decision makers view utility benefits. To address 
this sort of decision, the decision maker needs to identify the multiple decision aspects 
that influence the desired outcome and how these relate to one another. There is a need 
for a method for trading off different attribute levels against each other based on a 
weighted scoring that reflects their relative value. In such a method, a utility function 
expresses how a decision maker obtains utility from a particular decision aspect.  

A good decision needs to be coherent and not contradictory in seeking beneficial 
outcomes. If option A is preferred to option B which is preferred to option C, then it 
logically follows that option A is preferred to option C. If preferences are coherent, 
then two sorts of measures should be applicable in the context of action consequences. 
These are probability and utility. This is a common criterion for assessing the 
rationality of the relationships between preferences and is explored by Kenney & 
Raiffa (1976, pp. 6-7) in terms of lotteries and how the assignment of utility numbers 
to consequences must make the maximizing of Expected Utility (EU) the most suitable 
criterion for selecting the optimal decision option. 

EU may not only reflect monetary gain (Savage 1954, pp. 92-94). When the 
decision lies with a group of people, some of whom may not be entirely rational and 
free from biases, the decision analysis becomes more complex. There are many 
cognitive biases that can influence decision making and how decision makers perceive 
value when they need to make choices (Tversky & Kahneman 1974). Such biases can 
creep into decision making under the guise of “intuition” and be left unidentified and 
unquestioned. Decision teams need to be aware of these biases in their cloud adoption 
decisions and try and prevent them from steering decision choices. A list of decision 
traps together with tips on how to avoid them, highlights the need to continually 
question data and assumptions (Russo & Schoemaker 1990, pp. 95-116). 

Given this in-built human mechanism for filtering information over a decision 
cycle, it can be expected that what may be important as a utility gain to one 
stakeholder in a decision may not be seen as a benefit by another. For example, an IT 
professional may be subject to risk aversion and resist changes that would bring great 
benefits to sales, or add a buffer for prudence in their risk calculations and so end up 
basing decisions on inaccurate data. 

This raises the question of subjectivity in value assessments based on who is 
making them and their attitude and perception of risk. For cloud adoption, the decision 
will often be made by the CIO or CTO, (Luk 2016). If that individual’s attitude to 
change is negative, it could reflect fear, as cloud adoption can make traditional IT 
careers seem less secure, or anger that influence over strategy and budgets is 
potentially diminished by cloud adoption. Research (Lerner & Keltner 2001 p. 251), 
provides empirical evidence that emotions of happiness, fear and anger have different 
effects on an individual’s risk attitude and perceptions.  

3.6 Risk Appetite and Risk Perception 
The research of Lerner & Keltner (2001), evaluates the predisposition of individuals to 
the emotional states of anger, fear and happiness and how changes in the risk and 
uncertainty levels in an individual’s environment can change their emotional state. It 
was found that both anger and happiness were associated with optimism (defined as a 
tendency to expect positive outcomes from future events), whilst fear led to states of 
pessimism, where the individual expected negative outcomes.  

This research illustrates both how an individual’s predisposition to an emotional 
state reflects their attitude to uncertainty and control in decision situations. Improving 
levels of certainty and control can change that individual’s emotional disposition and 
hence their perception of risk. Those experiencing fear in a situation with minimal 
certainty and control on an outcome will usually demonstrate risk aversion, whereas 
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angry people tend to display more optimistic, risk seeking behaviour in how they 
frame their decision preferences. These studies established that emotional measures of 
fear and anger can help predict decision behaviours, where the decision is ambiguous 
in terms of certainty and control. Figure 2 presents the result of measuring appraisal 
tendencies based on emotional states: 

 

 
Figure 2: Appraisal tendency differences – the influence of emotions on judgment (from 
Lerner & Keltner 2001). 

The impact of an individual’s emotional disposition and reaction to varying levels 
of risk and uncertainty, establishes the need for an approach to cloud adoption 
decisions that is not dominated by any one individual and their narrow frame of the 
problem, decision alternatives and risks. The decision makers’ emotional disposition 
towards cloud adoption will influence their perception of risk in a decision situation, 
their judgment on the best decision option. This can perhaps lead to confirmation bias, 
seeking out information to validate opinions and assumptions.  

Individual stakeholders’ appetite for risk in decision options can be very different. 
Some may be risk seeking, others risk averse and others risk neutral, when faced with 
the same situation, so a utility function can reveal an individual’s attitude towards risk 
(Clemen & Reilly 2014, pp. 640-643). If a view of utility is formed based simply on 
Expected Monetary Value (EMV), it will fail to take into account the attitude of the 
decision maker to risk. Risk neutrality, where maximizing EU is the same as 
maximising EMV, is reflected by a utility curve that is a straight line, ignoring risk. 

No matter how hard decision makers try to base their choices on objective, 
empirical data, it does not take long before subjective attitudes are introduced and 
quantifying these subjective factors should make best use of accumulated experience 
and expertise (Kenney & Raiffa 1976, p 12). This thesis presents the view that cloud 
adoption decisions are typically made based on subjective, unstructured assessments of 
the aspects that influence the decision. There is a need for a method for placing 
subjective assessments and empirical evidence into the same formal structure.  

A structured approach to decision making can make it easier to include multiple 
perspectives and data sources through discussions, resolve any conflicting views 
between stakeholders and so converge debate into a position of consensus and 
reflective equilibrium, where no further debate or analysis is deemed necessary.  

3.7 Current Practice in Assessing Cloud Decision Aspects 
Current practice in assessing decision options in cloud adoption tends to focus on 
cost, risk and readiness assessments. The author has also seen the use of a simple 
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weighted scoring matrix as a core decision tool (Figure 4). These approaches give a 
very limited basis for structured decision making. 

The performance levels and scoring used in these assessments are commonly done 
using an ordinal scale of preference based on the order of values (e.g. 1 is low and 5 is 
high). With such scoring of performance in decision aspects, the magnitude of the 
performance that is being scored is directly proportional to the scale, such that a score 
of four implies that the benefit of an alternative in a decision aspect being measured is 
precisely double what it would be for another decision alternative with a score of two. 
The relationship between performance levels in different criteria are rarely 
proportionally linear, especially when it involves risk attitude and preferences. For 
example, there might be a huge gap between one or more performance scores. Taking 
movie star based scores as an example, the author enjoys watching a five star rated 
movie or a four star rated movie, but would dread watching a three, two or a one star 
rated movie. The relationship between the performance levels is not always linear 
when preferences are taken into account. If we were to reflect the author’s preferences 
in this case as a graph, where the one to five scores lie along the horizontal axis and 
the degree of enjoyment on the vertical axis, the shape would be an exponential curve, 
where enjoyment increases exponentially higher up the one to five measurement scale. 

There is also the issue of rank ordering decision aspects based on importance. For 
example, cost reduction is often a strong and sometimes dominant decision aspect in 
cloud adoption, whereas there may be several important aspects in a decision. Where 
cloud adoption is assessed based on the single, simple aspect of cost reduction, the 
decision maker’s focus will be too narrow. Also, decisions made in this way will tend 
to neglect examination of how differences in the performance of various options in 
each aspect could better reflect the overall preferences of the decision maker or team. 
A tendency to narrow the focus to one or two decision aspects that are seen as most 
“important” can be misleading. 

3.8 Total Cost of Ownership (TCO) Analysis 
The author’s experience is that cost benefit analysis through Total Cost of Ownership 
(TCO) calculations is the most common approach to decision analysis in cloud 
adoption. A TCO analysis tries to determine what it would cost to run the servers, 
power, networking and other facilities needed to support reliable delivery of a set of 
applications on-premise, then map that infrastructure specification to a cloud 
computing environment and compare the costs. The next step in TCO analysis is to 
optimise usage and cost monitoring for further cost reduction and efficiency gains. 

TCO approaches are both hailed and lamented. Since they are focused so strongly 
on cost reduction, they bring in short-term thinking and the danger of ignoring other 
decision aspects. For example, TCO analysis risks decision failures through 
underinvesting in the short term to reduce costs, without considering the longer-term 
impact on cost and other value drivers such as performance. The disadvantages of 
TCO approaches includes, not being comprehensive, not addressing the impact on 
productivity and performance, lacking accuracy and being a fantasy document (Drury 
2001, pp. 828-830). 

TCO analysis provides a cost comparison but it does little to clarify the utility 
benefits of the wider set of decision aspects and how they may interrelate. Since the 
outcome of the decision will consciously or unconsciously require trade-offs, it is 
better that they are structured. Amongst the input data used in TCO analysis, some 
figures could be well founded and based on objectives measures, such as data centre 
resilience. Others could be more based on opinion and speculation, such as average 
server and memory utilisation. Accuracy in the analysis of on-premise IT costs can be 
elusive, but TCO may be the best available measure available for simple cost benefit 
assessments. 
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3.9 Self-Assessment and Subjective Scoring Models 
Many of the other commonly used decision tools are based on expert opinion and 
subjective weighted scoring.  For example, the risk analysis conducted before 
technology purchase decisions is typically conducted from the perspective of IT Risk 
and Internal Audit (IA) professionals through subjective risk assessments based on 
factoring the impact and likelihood of potential losses within a Risk Matrix.  

Risk assessments cover a broad range of issues, including but not limited to, 
financial risk. A Risk Register collates such risk assessment scores and gives a good 
understanding of what is deemed important to the person assessing risks. Risk 
assessments are usually undertaken in accordance with the COSO Risk Assessment 
process (Steinberg et al. 2004 pp. 4-6) and the ISO 31000 framework (Lark 2009). 
Risks are typically categorised as being either Compliance, Operational, Financial or 
Strategic in nature. Each risk assessed will usually have: 

 
(a) A category (e.g. financial, operational, strategic, process) 
(b) A description of the risk and what it would involve 
(c) A Best Practice statement of what an effective control would be 
(d) A current control in place to mitigate the risk  
(e) An assessment of the effectiveness of that current control 
(f) A scored impact assessment (usually 1-10) 
(g) A scored likelihood of the risk occurring (usually 1-10) 
(h) A consolidated score for each risk (i.e. impact x likelihood) 
 
Without proper attention to biases, such risk assessments are often reliant on the 

opinions of an individual and can be criticised for being little more than administrative 
form-filling. An academic assessment of bias in the case of risk matrixes has claimed 
that risk matrices are valuable, but should not be used in isolation (Landell 2016, p. 
20). They are too often conducted without a clear definition of what a risk is and how 
to score it. Further academic studies highlight the lack of maturity of COSO and risk 
management practices and how people usually underestimate the degree of uncertainty 
that they face (Bromiley et al. 2015, pp. 4-6). Assumptions and embedded judgements 
around risk assessments need to be explicitly questioned. Especially where these relate 
to how risks are categorised and measurements conducted. Of key importance is to 
start with clear definitions (Talbot 2011). A clearly defined risk statement is a pre-
requisite for a Risk Matrix to serve its purpose and provide insight. In the author’s 
experience and opinion, risk assessments are typically performed, in isolation, by IT 
Risk or Internal Audit, often as a statutory requirement, so any wider value to be 
gained through COSO and ISO 31000 based risk assessments in MCDA is limited. 

TCO and Risk Matrices are useful to get individual, single aspect perspectives on a 
problem, but their limitations highlight how a decision analytic approach could 
improve the outcomes of decisions. Risk matrices and their heatmaps provide a 
valuable way to get stakeholders to consider, conceptualise and score the potential risk 
impact of a decision, but are not decision tools in themselves. The practice of scoring 
risks by multiplying subjective assessments of impact and likelihood, does not take 
into account the role of the decision makers’ risk attitudes and any influence of biases. 

Another common practice in cloud adoption decision cycles is to conduct 
subjectively scored and weighted readiness self-assessments, such as the AWS Cloud 
Adoption Framework (CAF). This is illustrated in Figure 3. The CAF is designed to 
help organisations to consider and understand more about how cloud adoption could 
potentially change their culture and process and address gaps in skills and capabilities. 
It includes self-assessment scoring on each of the CAF perspectives (i.e. categories of 
decision aspects), resulting in an overview of the decision maker’s personal opinions 
of their organisation’s maturity and readiness to adopt cloud technologies. This 
approach is both subjective as well as time intensive and captures little more than a 
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readiness self-assessment opinion before technology adoption. It does not provide a 
structured approach to the complex trade-offs and decision choices that come with the 
adoption of new technologies. Nor does it draw attention to the potential influence of 
biases. Limitations in the CAF approach illustrate gaps where a more rigorous 
decision analytic approach could improve how decision teams approach cloud 
adoption. 

 
Figure 3: The AWS Cloud Adoption Framework "Perspectives" (Amazon 2017). 

In the author’s experience, the most commonly used and simplistic form of 
subjective scoring model for assessing technology alternatives is to use a simple 
criterion ranking decision matrix. This type of decision matrix is often used in IT 
procurement to clarify objectives and their relative importance. For example, the UK 
based Institute for Manufacturing (IfM), recommends use of a criteria weighting form 
(Chang & Niedzwiecki 1993, p. 59)2. 

When using this tool, a subjectively weighted score for a decision aspect is factored 
with a decision alternative’s performance, then added together to indicate which would 
be the most appropriate decision option. For example, four fictional alternatives have 
been scored below to demonstrate how this technique can be applied to cloud adoption 
decisions in Figure 4. This is an illustrative example, based on anonymised data and is 
not reflecting scores assigned in a real assessment.  
 

 
Figure 4: An illustrative simple criterion ranking and decision matrix for cloud. 

                                                             
2 https://www.ifm.eng.cam.ac.uk/research/dstools/criteria-rating-form/ 
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There is little to independently validate the weighting assigned using this tool, nor 
ways to check the relationships between objectives and decisions. It is a simplistic 
scoring tool that weights decision aspects in an arbitrary way according to importance 
and uses qualitative scales that are not subject to any independent analysis. It does 
little more than create an arbitrarily generated number based on an opinion. This 
arbitrary ‘weighting’ of decision criteria runs the risk of committing Keeney’s ‘most 
common critical mistake’ of lack of proper attention to the range of consequences 
presented in different decision aspects and should be avoided (Keeney 1992, p. 147). 
In the authors’ opinion, this sort of matrix scoring tool adds to risks in decision 
making. It may give a false sense of rigour in decision making and encourage decision 
makers to seek information and weightings that confirm their preconceptions. 

Those businesses that demonstrate success in cloud may not have a formal decision 
making process, but they have been clear on what is important to them as objectives, 
outcomes and decision aspects. The most common trade-off is how decisions made in 
a DevOps based IT culture can enhance capabilities versus the need for direct control 
over security. For example, as an innovation focused business, one of Amazon’s key 
productivity metrics in IT, is the number of major software upgrades, features and 
products released. This provides a precise performance level that could be applied to a 
decision aspect such as “maximise innovation” and compared to the performance 
levels presented by other alternatives in a decision. The decision making criteria, and 
measurement of performance levels that are seen as relevant by Amazon may be 
different from those businesses that remain wedded to ITIL approaches to problem 
solving in technology service management. 

Current practice in cloud adoption decision making is to make narrowly focused 
assessments in the areas of TCO, risk, overall readiness and simple, weighted attribute 
scoring. None of these approaches, individually nor collectively, offers a 
mathematically valid way of assessing decision alternatives and choosing a course of 
action. There would appear to be a place for MCDA so that assessments that involve 
multiple decision aspects are broader in scope, reflect the perspectives of more 
stakeholders and are more easily explainable. 

 
4 Decision Analysis in Cloud Adoption 
Having presented the more common tools and practices applied to cloud adoption 
decisions and their limitations, this thesis will now consider what elements a more 
effective decision analytic approach would include in practice. The intention is to 
progress to the case study stage with an approach that references best practices in 
MCDA such as: 

 
(a) A clear, well defined problem statement that frames the context of the decision 
(b) A system for measuring and comparing how various decision options achieve 

objectives through a process of trade-offs 
(c) Awareness of the impact of human factors that could influence a decision 

analytic approach when used in a cloud adoption context. 

4.1 Problem Framing 
A common theme of MCDA is to start with a clear scope of what the decision is 
supposed to achieve and why it is important. Bounding a problem within a scope is 
important since complex problems tend to have spill-over effects (Keeney & Raiffa 
1976, p. 10). Before any major decision, time should be invested in forming a 
Situation Analysis (Borking et al. 2010, p. 43). This is a clear and concise statement of 
the problem to be solved. The biggest mistake that people make in decision making is 
that they just do not think enough about what it is that they are deciding and instead 
rely mainly on gut feel and intuition (Hammond et al. 1999). In cloud adoption, this 
mistake is evidenced by comparing the time invested in framing a problem versus 
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selecting a decision option and acting on it. The author has found that different 
cultures display different behaviours when deciding how to use their time when 
driving and managing decisions during significant change initiatives. For example, if a 
German decision team is asked how much of their time is spent framing the problem 
to be solved and how much is spent researching options and executing the solution, the 
author finds that they will typically claim that about 50% of their time goes into 
problem framing. If the same question is asked of an American or British team, the 
author finds that they will typically say that about 80% of their time is invested in 
researching and selecting decision options and executing, with less than 20% of their 
time going into problem framing. 

Given such differences, human behaviour and culture can have a significant impact 
on the results of a decision analytic method. This underlines the importance of 
following a consistent, structured approach. PrOACT is an excellent framework for 
ensuring that decision makers follow a repeatable, systematic method.  This helps to 
avoid the common mistake of focusing too early on decision alternatives before 
properly considering what benefits would define a preferred outcome (Keeney 1992, p. 
44). Keeney sees a discrepancy between how decisions are usually examined, with 
explicit focus on the alternatives and how they should be examined, to be consistent 
with the decision maker’s values and information. Without clear objectives, the utility 
value presented by decision alternatives will be difficult to determine. 

It is recommended by (Borking et al. 2010, p.42) that to ensure there is support for 
structured decision analysis, the need for a formal process is openly discussed early on 
in the decision cycle. Suggested questions include: 

 
(a) What types of trade-offs should be made in the various decision making 

processes based on how simple, or complex they are? 
(b) What sort of decisions are repetitive and so able to build competence around the 

use of a standardised, repeatable approach? 
(c) Is there a documented process for making decisions, or can the current practice 

be documented? 
(d) What methods are used today and do they reflect structured frameworks or 

intuition? 
(e) Who makes decisions of major significance and who influences them? 
(f) How is data gathered and its quality assessed? 
(g) What improvements to outcomes should be expected from a formal decision 

making process? 
 

The process of questioning is needed to help the decision maker to form a clear 
problem statement (Hammond et al. 1999, pp. 15-29). This avoids trying to solve the 
wrong problem since, “a good solution to a well posed decision problem is almost 
always a smarter choice than an excellent solution to a poorly posed one” (Hammond 
et al. 1999, p. 16). It is interesting to note that problems can be opportunities and that 
by looking at the trigger that has led to the problem you can find a root issue that can 
lead to improvements. How the problem is framed is vital. It dictates the alternatives 
available and the aspects to consider. The problem statement should answer those 5 W 
questions of: what? when? who? where? and why? It becomes a written specification 
of the problem to be solved. 

With the problem defined, there also needs to be clarity on objectives. Objectives 
are often conflicting, requiring evaluation and trade-offs. They may even be redundant 
if one aspect is already addressed by or overly dependent on another. In such cases, a 
decision aspect can be eliminated by the decision maker, simplifying the decision 
process (Keeney & Raiffa 1976, p. 54). Once a list of objectives has been drawn up, it 
can be organised, with the fundamental objectives arranged into hierarchies (Clemen 
& Reilly 2014, pp. 50-51) and means objectives arranged below. 
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The list of alternatives is a summary of “how” a problem could possibly be solved 
through decision making. The success of the decision depends on the ability to 
consolidate a list of as many options as possible, question and inform viewpoints on 
each and then reduce choices through elimination. Once a leading decision alternative 
is found, there can be a discussion within the decision team on opportunities to reduce 
risk and add to benefits (Clemen & Reilly 2014, pp. 248-250). Decision alternatives 
need to be assessed based on their ability maximise utility and decision makers should 
never stop looking for new alternatives, (Hammond et al. 1998, p. 55).  

Objectives can conflict, especially if a decision is being made by a team that needs 
to reach a consensus so trade-offs are needed. Trade-offs are not always successful and 
“making value trade-offs is one of the most difficult elements in important decisions” 
(Keeney 2002, p. 935). Trade-offs are intertwined with risk. Academic studies of how 
the interaction between risk attitude and risk perception determines behaviour, have 
shown that a stakeholder who believes that they can predict an outcome will perceive 
less risk (Pennings & Wansink 2004). When risk averse stakeholders perceive risk, 
they will adopt risk reduction behaviours. When risk seeking stakeholders perceive 
risk, they may seek a bigger pay-off. As such, stakeholders’ collective perception of 
relevant risks and their intrinsic attitude to risk, plays a key part in the selection and 
elimination of decision options within MCDA. 

Risk attitudes can be modelled by converting monetary value or other descriptive 
consequences into utility units (Clemen & Reilly 2014, ch 14). Different people will 
accept different degrees of risk in relation to Expected Monetary Value (EMV) or 
utility, so risk needs to be factored into the decision. EMV is helpful in quantifying the 
utility gain or loss associated with a decision. The EMV of an outcome is calculated 
by multiplying the probability by the monetary value. For example, consider two 
gambles, where one bet of $100 has a win-payoff of $150 and a lose-payoff of -$10. 
The other bet has a win-payoff of $10,000 and a lose-payoff of -$9,000. All the 
outcomes have a 0.5 probability of happening. EMV alone might direct the decision 
choice towards the highest value option. However, that option would come with the 
estimated risk of losing $ 9,000.  

By converting EMV into units of utility, a utility function makes it easier to make 
decisions based on maximising utility. The shape of that utility function reflects the 
decision maker’s attitude to risk. A risk averse decision maker will have a concave risk 
profile as higher value reward and higher risk dampen the appetite for the game. A risk 
seeking decision maker will have a convex shaped risk profile, as there is little interest 
in a game with low risk and low reward and an increasing interest in the higher stakes 
game with the higher reward. A risk neutral person only considers EMV. To convert 
an EU back into an EMV, a Certainty Equivalent defines the monetary value of 
exchange for that EU value. Given the potential for human judgement and behaviour 
to skew the results of analysis, a decision analytic method needs to ensure that the 
decision team gives consideration to their attitude to risk, to try and ensure more 
objectivity at the decision analysis stage. 

The many possible decision analytic options for evaluating cloud adoption include 
the even swaps method (Hammond et al. 1999), swing weighting (Clemen & Reilly 
2014, pp. 731-724), Analytic Hierarchy Process (AHP), (Clemen & Reilly 2014, p. 
758) and others. Whilst there is no single best decision analytic tool for all situations, 
the litmus test for practical usage of such decision tools in this case is the degree of 
complexity which will determine how well they can be both explained and used and 
the degree of transparency by which they can be validated. If a tool such as AHP, is so 
complex and opaque that its workings are not transparent, it gives no reason to place 
trust in its outputs. AHP could be viewed as unreliable given the fact that the 
introduction of new alternatives or criteria can result in changes to the importance of 
ratings, known as “rank reversal”. For these reasons, AHP is not further assessed in 
the scope of this study. Whilst there are many possible decision analytic tools that 
could have been used, the swing weighting approach was adopted as the most 



19  

quantified, explainable and mathematically sound MCDA method for this case study. 
A key advantage of swing weighting is that the swing weights have an inherent 
advantage, being sensitive to the range of values that can be assigned to a decision 
aspect (Clemen & Reilly 2014, p. 733). 

4.2 Swing Weighting and Additive Utility 
Swing weighting (Clemen & Reilly 2014, pp. 724-731) involves factoring each 
decision alternative’s utility level with the corresponding coefficient so that an 
aggregated score is obtained. 

Swing weighting provides a quantified model for assessing utility based on the 
decision maker’s preferences and how risk is represented in the decision options. The 
decision maker rank orders hypothetical scenarios and rates their relative utility based 
on preferences. Assuming that each decision aspect is calibrated to the lowest possible 
level offered by the various decision options, the decision maker is asked to select one 
decision aspect that they would most like to swing from its lowest to its highest value. 
This aspect is assigned a highest possible level of 100%. For the next swings from low 
to high, the decision maker also ranks and rates these hypothetical alternatives based 
on their relative importance. These are then normalised and assigned a weighting level 
greater than 0 and less than 100% (see Figure 8). Each decision aspect’s weight does 
not reflect the overall importance of that attribute, but the importance of the swing, the 
alteration, from the worst value that could be considered to the best. Next, the decision 
maker considers scores on the individual scales of the decision aspects and whether 
their relationship is proportional or whether the degree of preference for one outcome 
over another, would make a proportional relationship invalid. Interval scales are used 
for the decision attributes and the swing weighting scores. Then the creation of a 
multi-attribute utility function, made up of the individual utility functions makes it 
easier to assess the overall utility presented by a decision alternative (Clemen & Reilly 
2014, p.721). The formula for an additive utility function can be expressed by first 
assuming that we have a list of individual utility functions, 𝑈"	 𝑥" , … , 𝑈'	 𝑥'  where 
m denotes the number of different decision aspects with performance levels  
𝑥"	through to 𝑥'. Weight coefficients are denoted as 𝑘"	through to 𝑘', where all 
weights are positive and can be summed up to 1. 

 
𝑈	(𝑥", … , 𝑥')	 =  𝑘"	𝑈"	 𝑥" + …	+ 𝑘'𝑈'	 𝑥'  
 

= 𝑘-		𝑈-	(𝑥-)
'

-."

 

 
 

Equation 1: Calculating additive utility, adapted from Clemen & Reilly 2014, p. 721 

Parnell & Trainor (2009), distinguish between what they call “importance weights” 
and “swing weights”. Importance weights are assigned independently of the variation 
in attribute levels in a range under analysis, whereas, swing weights are assigned by 
the decision maker having given consideration both to their importance and also the 
degree of variation between performance levels in each decision aspect as presented in 
each decision option.  

Parnell & Trainor (2009) stress the critical importance of consistency in the method 
of assigning weights, so that there is a standard approach to evaluating trade-offs 
within a measurement scale. A highly ranked decision aspect with high variation along 
its range of values (i.e. a wide range between highest and lowest), should have a larger 
weight coefficient in the additive utility function than a similarly important aspect with 
medium or low variation between the highest and lowest level in its range. Parnell & 
Trainor (2009) note that it is common even for analysts familiar with swing weighting 
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to unconsciously revert to the use of intuitive importance weights, whilst often still 
referring to swing weights. Parnell & Trainor also note that “none of the existing 
swing weight techniques (individual or group) explicitly document the rationale that 
was used to determine the weights.”  

Swing weighting provides decision makers with a new perspective on complex 
decision problems with multiple decision aspects. It presents a comprehensive overall 
picture to decision makers by setting the weights in an additive multi-attribute utility 
function. In this case study, the swing weighting approach described by Clemen & 
Reilly (2014) is used, see sections 5.5 and 5.6. 

4.3 Cognitive Bias 
People make decisions based on their risk profiles. They can be prone to judgement 
errors. To assess how a decision analytic method can best be applied, it is important to 
give consideration to the people conducting the analysis and how their established 
ways of thinking could inadvertently steer the outcome of a decision analytic 
approach. In preparing for the case study conducted in this thesis, decision teams were 
asked about their awareness of such influences before engaging in problem framing 
and the swing weighting procedure, so that they could consciously check their attitude 
for bias. 

Heuristics are simple, efficient rules that people use to make decisions. They often 
work well, but can lead to systematic deviations from logic, probability or rational 
choice theory. The resulting errors, known as cognitive biases are documented by a 
range of authors. There is nothing in the commonly used approaches of TCO analysis, 
risk assessments, maturity profiling and simple weighted scoring to take into account 
the presence and impact of bias on the decision outcome. Consequently, the 
application of a decision analytic approach to cloud adoption, needs to take human 
factors such as cognitive biases into consideration. Examples of cognitive biases 
include (Tversky & Kahneman 1974, pp. 1124-1131): 

 
(a) Representativeness – bring preconceptions of a “type” of thing that displays 

certain characteristics when there is nothing in the data to warrant such 
inferences. For example, given a list of personal characteristics and professions, 
there is insufficient data to match the two, but people frequently draw 
conclusions on this basis. This could be evidenced in cloud adoption by 
assuming that all CSPs are essentially the same when in fact there are 
significant differences in for example, cost, performance and range of services. 

(b) Availability – drawing conclusions based on skewed probability assessments 
due to over estimating the importance of the information that is available. For 
example, the performance of CSPs may be viewed poorly based on high 
availability of public domain information on failures, whereas an on-premise IT 
system may be far less reliable but with less available data on past incidents. 

(c) Adjustment and Anchoring – placing too much importance on (often an initial) 
piece of information that serves as an anchor or benchmark rather than 
considering the wider set of relevant data equally. For example, a CSP may plan 
its customer support resourcing on a large customer’s move of a seemingly 
large number of applications to cloud as a significant step and a sign of 
commitment to that CSP, when actually, from the customer’s perspective, it 
may just be a small tactical move that impacts a very small percentage of the 
overall scale of that customer’s total IT systems and processes. 
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5 Application of Decision Analysis to Cloud Adoption 

5.1 Company X: The Pilot Study 
The initial research pilot study was conducted with Company X. Company X was 
selected because the decision maker had expressed frustration at the pace of progress 
in his team’s digital transformation projects. There appeared to be a clear need and 
urgency and a high level of complexity, which would be ideal for decision analytics. 
The instruments and protocols (see Figure 1), were discussed and agreed with the 
decision sponsor. The core requirements agreed with Company X were: 

 
(a) A team meeting to discuss problem framing and cognitive biases 
(b) Agreement to conduct interviews with key stakeholders 
(c) Success would be measured based on the decision maker’s assessment 
 
At the first team meeting it was clear to the author that public cloud adoption was a 

controversial issue for Company X’s IT professionals who felt that superior cost, 
security and control benefits could be better achieved by building new IT systems. 
Company X’s IT team was not prepared to consider the possibility that their 
preference for the more traditional approach of building IT systems reflected personal 
bias or heuristics. Furthermore, they felt that their experience and judgement were 
sufficient for decision making and there was a lack of clarity and consensus on 
objectives and desired outcomes. It was not possible to progress with the MCDA 
exercise using Company X as the main case study, although the experience gained was 
a useful pilot study. From this experience, it was learnt that decision analytics needs 
executive sponsorship and due consideration of the presence and impact of potential 
cognitive biases within the decision team.  

5.2 Case Study Preparation 
The case study approach followed Eisenhardt’s method for case study research (Figure 
1). The case study’s objective was to address the question of how can a decision 
analytic approach be applied in a cloud computing decision context, in order to find 
the most beneficial alternative, all things considered, given the decision maker’s 
underlying preferences?  

In getting started, the research question was defined in terms of a narrow 
application of decision analytics in the sole area of cloud computing. By being so 
specific, a case could be selected where decision makers were already aware of 
problems in their current decision making methods. 

There is already a body of research around the type of MCDA that could be applied 
in a cloud computing context (e.g. Whaiduzzaman et al., 2014), but comparatively 
little on how to apply MCDA in a real-life decision analysis and what could be learnt 
or improved by doing so. The objective of this study was to extend emergent theory 
through a case study. The research question is seeking insights into how a decision 
analytic approach can be applied, so a large population sample was not necessary. In 
selecting cases, the sampling was theoretical (i.e. the case was chosen based on 
theoretical not statistical reasons). The research simply had to meet a single success 
criterion of establishing how a decision analytic method could be successfully 
employed. Having gained learnings from working with Company X as a pilot study, it 
was decided that the ideal case study would have the additional requirements of: 
 

(a) a management sponsor who would be accountable for engaging their team 
(b) a genuine interest in finding a more effective method than their current practice 
(c) a neutral third-party to help facilitate the case study and ensure objectivity 
(d) a decision team with multiple perspectives rather than a dominant viewpoint 
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Instruments and Protocols: Multiple data collection methods were employed and 
multiple investigators were used on this single case. By working with Organisation 
Y’s independent consulting firm (i.e. Red Oak Consulting) to assist with the case 
study, it was possible to expand the available information sources and perspectives on 
the data and coordinate a workshop and interviews where multiple perspectives could 
be presented and discussed. This enabled more objectivity in the study. The data 
sources included individual interviews with Organisation Y and quantitative cost and 
performance data obtained and provided by Red Oak Consulting. The sponsor would 
typically make and take responsibility for final decisions in IT and this practice was 
continued during the case study where the sponsor had the final word on the selection 
of data inputs and the setting of timelines. 

It was agreed with the sponsor that a reasonable definition of “success” in the case 
study would be that Organisation Y’s Director of IT, the participants in the decision 
team and Red Oak Consulting could agree that MCDA had helped them to identify, 
select and validate their optimal decision option more effectively than their usual 
decision making methods would have allowed. MCDA would also need to be simple 
enough to be practical and we would expect the participants to also comment on any 
limitations identified. Red Oak Consulting would be asked to comment on whether the 
approach had been sufficiently helpful in this case to be adopted by them to be used as 
a repeatable consulting tool with other customers. 

5.3 Problem Framing 
The first step in gathering data was to note Organisation Y’s current approach to 
decision making in IT. This usually involved creation of a simple decision matrix 
(illustrated in Figure 4) and unstructured debate between IT team members before the 
Director of IT made the final decision. This was confirmed by Red Oak Consulting 
based on past decision cycles which they had supported and observed how IT made 
and executed decisions. A frustration expressed by the IT team was that they often 
lacked the benefit of wider support from other stakeholders such as procurement and 
often encountered lengthy business case approval processes. 

Before starting the gathering data phase, Organisation Y’s decision team were 
contacted by the sponsor, the Director of IT and invited to consider the potential 
benefits of evaluating a different decision making process. Over this first step, the 
internal communication needed to establish that participation was required, not 
optional and that the process was being driven and managed by a senior executive.  

Data gathering and analysis overlapped so that data could be constantly questioned 
and the focus of study remain flexible. The approach adopted was to require several 
short interactions with participants to capture data, discuss options and narrow the 
scope of discussion, in preparation for a workshop. MCDA was conducted in 
cooperation with a decision team consisting of the following representatives from 
Organisation Y: The Director of IT, The IT Manager, a representative from 
procurement and a representative from IT Finance. A Partner and a consultant from 
Red Oak Consulting were in contact with the individual participants before the 
workshop to discuss and explain the process and discuss expectations on possible 
outcomes. The author then facilitated the remote webinar based discussion. 

This approach minimised the potential for MCDA to disrupt the day to day 
activities of the participants and enabled the two hour workshop to focus more on the 
swing weighting process. The interactions with the decision team prior to the 
workshop followed these steps. 

 
(a) Instructing the participants in pre-workshop problem framing 

A synopsis of a decision analysis workshop (Appendix 2) was discussed 
and agreed with the sponsor, The Director of IT of Organisation Y. He then 
forwarded this document to the participants to confirm his leadership of the 
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process and make the participants aware that they would be expected to provide 
ad hoc inputs through phone calls and email and then participate in a group 
workshop. In this way, it was made clear that MCDA would be conducted 
under the Director of IT’s leadership, with inputs from decision stakeholders, 
such as finance, procurement and IT project management. This also served to 
inform participants that they would be interacting over this information 
gathering process with both the author and Red Oak Consulting. 

 
(b) Capture participants’ perspectives on the problem 

Before approaching any of the individual participants for their perspectives 
and preferences, a draft problem statement (Appendix 1) was prepared by the 
author with input from Red Oak Consulting. This reflected both the author’s 
and Red Oak Consulting’s understanding of the decision context and practices. 
This initial draft included a short problem statement, a description of the 
current state, target state, barriers, risks and some decision alternatives. 
Objectives were not proposed at this time. Instead, the participants would be 
individually asked to give their opinions on what aspects would most evidence 
success in an outcome. Red Oak Consulting refined this document with the 
decision sponsor, who then forwarded it via email for comment and a request 
for measureable, mutually independent objectives from each of the 
participants. 

This documentation of a problem statement with inputs from multiple 
parties avoided a number of decision errors present in current practice, 
whereby problems tended to be framed from the perspective of the most senior 
executive alone and may reflect cognitive bias. For example, over time, a 
dominant focus on cost reduction from finance stakeholders had led to IT 
decisions being framed in terms of reduction in overheads without much 
attention being given to risk and other decision criteria. The scale of the 
current and continuing costs of modernising of IT and training staff was being 
questioned by the finance department, which tended to introduce delays to IT 
project completion. Rather than looking at the benefits of these investments, a 
perception within the finance department had developed that IT was not being 
sufficiently prudent on cost management and needed tighter cost controls and 
more complex, rigorous approvals processes (i.e. evidence of confirmation 
bias). Similarly, within IT, there were opinions about cloud being inherently 
insecure, much of which were derived from web searches on specifically on 
cloud security, rather than looking at the security of IT as a whole (i.e. 
availability bias). 

Over a two week period, participants’ feedback and comments on the 
evolving problem statement document were collated by Red Oak Consulting 
through phone calls and emails. These inputs were given to the author to revise 
and better reflect the participants’ qualitative inputs. The lack of questioning of 
the short problem statement was taken as overall agreement and then 
confirmed as an acceptable and concise summary of their problem: 
 

“Should we continue to build and run our own on-premise data centre 
facilities, or should we work with third parties to provide our researchers with 
the right level of computational capabilities?” 
 

Participants’ comments were received on the current state and target state. 
They also provided initial views on suitable objectives. The themes common to 
most participants were to reduce cost, increase the output of high quality 
research and ensure continued excellence in IT service delivery. Revised 
versions of the problem statement document were shared regularly with the 
participants and additional feedback was encouraged. 



24  

 
(c) Consider the benefits of a decision outcome with a Hierarchy of Benefits 

In the author’s experience, the cloud adoption decision will have multiple 
aspects and influences. The process of reaching agreement on the core decision 
aspects was expedited by providing a consolidated list of suggested objectives 
to Organisation Y. The participants selected the aspects that they agreed were 
most relevant in their cloud adoption decision. 

The sponsor viewed the most important outcome of all decisions taken 
within the organisation was the continued strengthening Organisation Y’s 
reputation for excellence in research. Efforts were then made to drive 
agreement on the list of decision aspects that most effectively support this 
outcome. To achieve this, each decision team member was sent a list of 
fundamental and means objectives as a Hierarchy of Benefits (Figure 5) with 
“reputation” at its apex. This was provided as a guide, not as a complete and 
comprehensive list. 

 

 
Figure 5: Hierarchy of Benefits - Fundamental and Means Objectives. 

This list of items to maximise or minimise was organised across the three 
categories of financial objectives, operational objectives and quality and risk 
management. They were asked to select the 5 most important aspects that 
would evidence success in the outcome and return their input to Red Oak 
Consulting. The follow up would be a fifteen minute phone interview to discuss 
their choices which was conducted by the author or Red Oak Consulting. Three 
means objectives selected were common to all participants. These were (i) 
minimising operating and capital costs (i.e. running costs), (ii) maximise the 
success rate of experiments (i.e. Time to Market for research) and (iii) 
maximize the ability to scale to demand (i.e. the size of the HPC system).  

The sponsor reviewed the lists of objectives provided by the other 
participants and then decided on two further objectives to finalise a shortlist. 
These were (iv) maximise value creation/innovation (i.e. build and use cutting 
edge, reputation enhancing IT assets) and (v) maximise cost avoidance (i.e. 
reduction of overall project costs). A revised problem statement was circulated, 
followed by a phone interview with each participant to take further comments, 
changes and insights. The approach of captured inputs from participants, 
narrowed a long list of decision aspects down to a shortlist and then confirmed 
that final list as an agreed, collective view. This built consensus on the method 
by driving involvement and engagement with the decision team. The outcome 
of the process up to this point was agreement by the all participants on a 
problem statement document that accurately summarised their problem and 
what would be most beneficial in an outcome. This preparation and focus on 
working with the individual team members on framing the problem to be 
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solved also enabled familiarity and hence confidence in the MCDA process 
before a group discussion at a workshop (Appendix 2). 
 

(d) Agree appropriate units and scales of measurements 
The sponsor suggested appropriate measures for each of the decision 

aspects where he felt highly confident in the availability and accuracy of the 
data. He also selected scales of measurements where he felt that decisions made 
within his IT team could reasonably be expected to influence the levels of 
performance over time. 

The participants were then asked by the sponsor to provide quantitative and 
qualitative data to Red Oak Consulting which could be used at the workshop. 
They were also asked to be descriptive, with text based comments about the 
decision aspects (e.g. reputation, project cost). This was done via email using 
an MS Excel based inputs form (Appendix 3). 

5.4 The MCDA Workshop 
The two hour workshop was arranged as a webinar in August 2017 following overall 
agreement between participants on the draft problem statement. The workshop started 
with (agenda item 1, see Appendix 2) introductions and then (agenda item 2, see 
Appendix 2) a review of the documented problem statement. This step references 
Eisenhardt’s advice to conduct in-case analysis, by giving a detailed write up of the 
case.  The review of the problem statement was conducted as an exercise in group 
decision making. The objective was to elicit any further changes and to finalise the 
problem statement as a group. The participants were informed that the process up to 
this point had used the PrOACT approach. This was presented as a framework for 
assessing the overall decision and the suitability of the draft problem statement. This 
had helped with data analysis by encouraging structured debate over data with the 
participants as individuals and so built familiarity with the data and its inferences to 
help shape hypotheses. The Hierarchy of Benefits was presented again for discussion. 
It was agreed that after all the pre-workshop interviews, data gathering and feedback 
loops, they had exhausted the scope for additional changes. This made it possible to 
focus more of the two hour period on Agenda item 6, the Decision Analysis. For this 
discussion, an MS Excel workbook had been created, to review input data and capture 
each step in the swing weighting process and provide a visual aid for the workshop 
discussions. This structured approach helped to identify and address themes, such as 
the presence of cognitive bias during the workshop and so ensure that the final results 
reflected continuous improvement driven through the method. 

The choice of decision aspects was unexpected. It had been assumed by the author 
that the participants would be more focused on improvements in innovation, 
simplification and reliability. The participants were questioned on their selection of 
decision aspects with the following information captured: 

 
Time to Market: This was explained as the ability to generate valuable research 

faster than peers. Each research facility differentiates based on time to valuable 
insights, so the most successful market research facility will typically be the one that 
can deliver the most research outcomes in the shortest time. This could be measured 
at an organisational level by the number of research papers published, patents filed 
and grants secured. Poor performance would be evidenced by declining prestige as a 
research facility. The number of papers published and patent applications filed would 
reduce and there would be frustrations at the delay in provisioning IT resources for 
research projects. At an IT level, the most appropriate measure of Time to Market was 
agreed to be the Ready for Service (RFS) time in months, between researchers 
requesting IT resources and those resources being both in active use and generating 
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insights, where the lowest numerical performance level delivers the highest degree of 
utility. 

Running Costs: The ongoing operational and other expenses associated with the 
day to day running of the IT resources that support research. The cost of managing IT 
resources is key to the ability to deliver success since the budget per research project 
has limitations. Money spent on running IT is money that is not available for 
researchers' salaries, departments and other investments that drive the core research. 
Strong performance would be indicated by costs that are within the annual budget 
assigned by Finance department. A poor degree of control on running costs would be 
evidenced by spiralling costs and concerns raised by management and potentially 
auditors. Success in this decision aspect is measured in monetary terms where a low 
monetary value on the measurement scale delivers more utility than a higher one. 

Project Costs: This was explained as the cost of planning, buying, building and 
testing the IT facilities leveraged to support the delivery of research. The project costs 
represent actual money leaving the research facility. It also includes the potential cost 
of delays. Where project costs are kept to within budget it builds confidence in the 
competence and execution capabilities of the IT management team and ensures that 
the researchers trust IT to deliver computational resources in a cost efficient and 
timely manner. A strong degree of excellence in managing project costs would be 
evidenced by confidence in budgetary planning and a track record of delivery of 
projects within time and budget. Poor performance in project costs would be 
evidenced by a track record of budget over-runs and a poor ability to deliver working 
projects on time. There would be a higher than average project failure rate. Success in 
this decision aspect is measured in monetary terms where a low cash value delivers 
more utility benefits than a higher amount. 

Reputation: There was prestige associated with the size of investments made in 
IT systems and data centre facilities. There was a perception that owning and running 
a big data centre facility is a sign of commitment to the quality and volume of 
research and a measure of importance. There is an intangible value in being a research 
facility that has invested in tangible facilities at a large scale that would create a 
barrier to entry for others. Strong evidence for reputational value in IT would include 
the ability to highlight expertise to peers and wider communities, citing as evidence 
the size and capability of the data centre estate and computer processing power. A 
poor reputation in IT delivery might be evidenced by a lack of those facilities that 
indicate complexity in IT service delivery. The data centre was perceived as a barrier 
to entry and not having that investment would result in not being taken seriously by 
other researchers and/or IT professionals. Reputation was measured by subjective 
scoring (i.e. 5 is Excellent, 4 is Good, 3 is Acceptable. 2 is Weak and 1 is Very 
Weak). According to this measure, AWS Cloud would deliver the lowest level of 
benefit in an outcome since it involves no physical asset ownership or investments. 

HPC Size: The ability to support and scale computational power in line with 
demand. The size of the HPC system has a significant impact on the in-house skills 
needed to manage IT and the ability to deliver results that have strong accuracy and 
may be time sensitive. The aspect of HPC size and scale was selected as a quality 
assurance check on the overall IT delivery project. Strong evidence for high utility in 
HPC Size would include the right IT skills and computational resource being 
available to ensure flexibility in the delivery of multiple research projects 
simultaneously, all of which may be of different sizes and complexity and place a 
variety of demands on IT teams. Poor performance in the flexibility of the HPC 
systems due to size constraints, would limit the potential of the research facility to 
low processing loads and simpler projects which would prevent researchers from 
taking on complex projects. Success in this decision aspect is measured as the 
maximum number of computational cores available to support research projects. 
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The 5 decision aspects selected by Organisation Y, were considered complete in 
reflecting all the objectives that were raised in the problem statement, being well 
defined, measurable, distinct and not redundant. 

Having framed the problem and gathered performance data, the first step in 
analysing data was to check for mutual preferential independence. The simplest 
approach (Clemen & Reilly 2014, p. 765), is to consider a series of paired 
comparisons that involve one of the attributes with another attribute fixed at its 
minimum level. Then see if changes to the value of that fixed attribute influence the 
preference responses on the paired comparisons. Taking an important decision aspect, 
Time to Market, it was discussed and agreed at the workshop that regardless of the 
level of Time to Market achieved, a low or high score on another selected aspect, for 
example, Running Costs, was never preferable. The preference order of consequences 
involving changes to the levels of cost reduction does not depend on the levels of the 
other aspects.  

Beyond this simple analysis, it was assumed that preferential independence held for 
the purposes of this case study and that further analysis would not add significant 
value to the research. 

Red Oak Consulting listed the decision alternatives from the problem statement 
document and the participants confirmed that the list was comprehensive. This 
involved defining which options were available as potential solutions to the problem to 
be solved. A list of the 4 decision alternatives was agreed:  

 
(a) On-Premise (i.e. Continue the current data centre operations and strategy where 

all capabilities are built and run in-house) 
(b) ITO (i.e. Pay third parties to put the IT assets on their balance sheet and run the 

IT facilities as an outsourced managed service (ITO), charging a monthly fee 
for services plus any change requests) 

(c) AWS Cloud (i.e. Migrate the majority (over 70%) of IT infrastructure to a 
reliable public cloud provider (AWS) and pay for what is used when it is 
needed, without further adding to on-premise facilities) 

(d) Status Quo (i.e. Accept the limitations of the current system and make do with 
on-going fixes and patches based on needs). 
 

Rigid adherence to PrOACT as an approach to framing the decision was not 
required. The steps of PrOACT were used to provide a logical framework for the 
initial gathering and assessment of data where the problem, aspects and alternatives 
are defined and documented.  Then the case study would address consequences and 
trade-offs using a decision analytic model. Care was taken up to this point to avoid 
ranking or prioritising decision aspects in advance to avoid committing Keeney’s 
“most common critical mistake”. 

5.5 Constructing the Decision Analytic Model 
The decision analytic tool, swing weighting, was used in this research exercise. The 
steps used in this thesis to conduct a decision analysis using the swing weighting 
approach presented by Clemen & Reilly (2014, pp. 731-734) were: 

 
List the decision alternatives and the decision aspects and create a consequences 

table showing how each alternative performs against each aspect. This consequences 
table reflects performance levels along a range of measurement scales (e.g. monetary 
value, time, opinion scores (i.e. bad, average, good), etc.). 

 
The consequences table for Organisation Y was compiled and then presented at 

the workshop to summarise the levels of the descriptive attributes, together with a 
note on the units of measurement and the minimum and maximum levels present in 
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each decision aspect. Where “Best” is denoted as “Low”, it means that a low 
numerical level in that aspects delivers the highest utility gain. For example, for RFS 
the least time it takes to deliver research results delivers the most utility benefits. 
Similarly, where the “Best” is denoted as “High”, then a high numerical level in that 
aspect delivers the highest utility gain. For example, a large size of computing power 
(i.e. HPC size) delivers more benefits than a small size, so the best outcome will be 
the highest number on that scale of measurement. The column labelled “Best” gives 
the highest performing utility value on the scale for that aspect. The column labelled 
“Worst” gives the lowest performing option in that aspect. This is presented in Figure 
6. 

 

 
Figure 6: Organisation Y’s consequences table. 

It was noted that the performance of On-Premise and ITO alternatives were quite 
similar in their relative size across all decision aspects. This was seen as validating the 
measurements since both of these options involve new, large scale investments in 
physical IT systems. 

At this stage, it is worth noting that since the additive utility score depends on the 
performance levels of the decision alternatives along each measure of decision aspect, 
the accuracy of these performance levels needs to be validated before analysis. The 
quantitative data had been provided by Organisation Y over the course of the pre-
workshop interactions based on a high degree of confidence in its accuracy. These 
final figures reflect the discussions with the sponsor and the individuals providing the 
figures. Organisation Y’s performance level data was benchmarked against market 
data provided by Red Oak Consulting. However, different organisations will have 
different performance levels, so we needed a rule of thumb to help calibrate the degree 
of confidence in and accuracy of the data inputs. The approach adopted was to give 
each individual who provided performance scores a list of trivia statements, some of 
which were true and some false.  One of these statements was the quantitative data to 
be used in the analysis. The individual was then asked to give their level of confidence 
in their answers. For example, statements included: 
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o Elizabeth II is the UK’s longest reigning monarch 
o Ipswich Town won the FA cup in 1978 
o Mars is over 500,000 kilometres from Earth 
o The shortest day this year in the UK will be December 21st 
o The running costs of our IT Platform is about £50,000 p.a. for the status quo, 

£100,000 p.a. for AWS Cloud, £400,000 p.a. for an ITO provider and £500,000 
p.a. if we bought and built a new IT Platform. 

 
In this way, we captured their degree of confidence in some answers where they 

would be sure and others where they would be somewhat unsure and could gauge any 
tendency to present guesswork as expert opinion. We could then estimate where their 
degree of confidence in the accuracy of the data provided actually lay and how 
accurate their overall confidence levels were. This is a subjective, informal approach, 
that worked well within the time available. It demonstrated that when a participant 
indicated that they were “very confident” about any of these trivia statements, they 
were typically correct in their assessments over 90% of the time. The culture of 
Organisation Y was cautious and the participants would rather reserve judgement than 
claim confidence in something where they had little but intuition and guesswork to 
guide them. If the result of this simple test had been less correlation between 
participants’ confidence that a statement is true and the actual truth of the statement, 
we would have caveated the results by noting that and certain measurements could be 
assumed to have a margin of error that had not been calibrated.  

A more accurate approach to correlating degrees of confidence with empirical fact 
would have been to treat each performance level and preference rating and weighting 
as a data point in a probability range. Further study could investigate the impact of 
different levels within that range based on a margin of error expressed as a probability.  

 
In the first row of a new table, create a hypothetical alternative from the lowest 

available score on each aspect. That option is assigned a weighting score of 0 as a 
benchmark that reflects the lowest performance across all decision options. Add more 
hypothetical alternatives, and starting from that lowest score benchmark, swing up to 
a higher value. All hypothetical alternatives are each described using the names of 
the decision aspects in step (a). Consider each hypothetical alternative and decide 
which is the most attractive option. That best fictional option is assigned a weighted 
score of 100. Cycle through each hypothetical alternative and rank to reflect a 
satisfaction level for each, were that alternative to be chosen. In this case, swinging 
from highest to lowest. Once hypothetical alternatives have been ranked, they were 
then rated. The highest and the lowest of the ratings had already been predetermined 
as 100 and 0. The process then moved on to assess where between 0 and 100 the other 
hypothetical alternatives would lie.  

 
It was agreed that the most attractive fictional decision option was Project Costs. 

This was selected because unless projects are delivered within budgetary limits, there 
would not be money available to fund the volume and quality of research required. 
The swing weighting process resulted in a ranked and weighted list of decision 
aspects as illustrated in Figure 7. Figures 7, 8 and 9 were all presented on the same 
page of the MS excel workbook spreadsheet so that the participants can see the actual 
consequences of how they rate and rank their preferences. 
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Figure 7: Ranking and rating the decision aspects by use of swing weighting. 

The results of the swing weighting ranking and rating exercise of Figure 7, were 
used to calculate percentage based weightings. This was done by dividing each rating 
for each hypothetical alternative by the sum total of all rated scores (i.e. the sum total 
score is 315), as illustrated in Figure 8, where we derive weight coefficients. 

 

 
Figure 8: Weight coefficients resulting from the swing weighting process. 

 
Figure 9: Relative utility gains achieved by each hypothetical alternative. 

The bar chart in Figure 9, elicited the observation from the Director of IT at 
Organisation Y, that in this decision, “it is all about the money”. The hypothetical 
alternative for which the level in this aspect of Project Costs was swung from lowest 
to highest, was selected as the most attractive alternative. This was because failure to 
deliver on time and budget would have the most negative consequences and likely 
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result in a reduction in the quantity and complexity of research commissioned. Also, 
Project Costs had historically been an area of concern over financial forecasting and 
predictability so the value of getting a high level in this aspect extended beyond IT. 
Next, the hypothetical alternative Time to Market was agreed to be slightly more 
preferable than the lower hypothetical alternative, Running Costs. This was because 
delays would introduce the more negative impact of reduced innovation. When all the 
hypothetical alternatives had been swung from lowest to highest, rated and weighted, 
they could be placed along the same percentage scale in Figure 9. It became clearer 
that the reputational prestige of owning data centre facilities was not a key aspect in 
the decision and was assigned to fifth place. Before conducting the case study, this 
aspect of Reputation had dominated discussions on technology strategy and supplier 
selection. 

 
Construct the individual utility functions (Clemen & Reilly 2014, pp. 721-723). 

 
Organisation Y was then taken through each of the decision alternatives and asked 

to consider the utility levels against each decision aspect. The measured units were 
replaced by normalised scores, which were initially presented as having a proportional 
relationship across each decision aspect. These normalised scores were calculated by: 

 
o Taking each decision aspect, rank ordering the options by utility values and 

then calculating the gap between each score. 
o Creating a proportional view of utility gain across the different decision 

alternatives and their scores by first taking each performance score and 
subtracting the worst value for each decision aspect from it. We then divide 
that by the gap between the best score and the worst score in that decision 
aspect. The result is a straight line, proportional view of utility across each 
attribute. 

 
This formula was used to calculate an individual utility value (𝑈-) for each 

attribute, where 𝑥- is the measurement score on the original attribute scale (e.g. 
Running Costs in monetary value and Time to Market in time to research insights). In 
Equation 2, 𝑊- is the worst case on attribute scale 𝑖	and 	𝐵- is the best score. 

 

𝑈-	(𝑥-) =
𝑥- − 𝑊-

𝐵- 	− 𝑊-
 

 

Equation 2: Proportional scoring of individual attributes (Clemen & Reilly, 2014) 

For example, the utility value for the HPC size aspect in the AWS Cloud option is: 
 

𝑈345		 11,000 =
11,000 − 5,000
11,000 − 5,000

= 1.0 
 

Equation 3: Proportional scoring applied to HPC Size for the AWS Cloud option  

The decision makers were asked to consider the range of performance levels across 
each decision aspect and whether a proportional relationship was a valid 
representation of their preferences. For that proportional relationship to be invalid, 
they would need to explain why any of the scores would need to have a larger or 
smaller gap in utility between it and its adjacent scores. Where such exceptions exist, 
the gap in utility gain or loss was revised based on the use of Visual Basic sliders in 
MS Excel. For example, for Time to Market, the relationship between the different 
performance levels for this aspect was agreed to be proportional, as shown in the 
graph in Figure 12: 
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Figure 10: Normalising performance measurement across the Time to Market aspect. 

In this case there was no manual adjustment to the score by use of the sliders as 
shown in Figure 11:  

 
Figure 11: No adjustment to the default proportional view of utility. 

A graphical representation of the proportional relationships that hold between the 
performance scores on Time to Market, Figure 12 was created within the MS Excel 
workbook: 
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Figure 12: The performance relationships across the Time to Market aspect. 

The same process was followed for each of the other 4 decision aspects. All were 
deemed to have proportional relationships, except for Reputation, where the 
subjectivity of the assessment generated more discussion. It was decided that since the 
On-Premise, ITO and the Status Quo options all delivered the perceived prestige of 
owning physical assets, these should all be closer in their utility value. It was decided 
that by adding 20 points to the preference value of the Status Quo option, enough 
distance was placed between that option and AWS Cloud, which delivered no asset 
associated prestige. The normalisation of measurement values in Reputation is 
illustrated in Figure 13: 

 
Figure 13: Normalising performance measurement across the Reputation aspect. 
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In Figure 14 the red oval highlights where the MS Excel slider has been moved to 
the right to reduce the difference in utility gain between ITO and Status Quo, so 
increasing the utility gain between the Status Quo and AWS Cloud to reflect the 
higher preference value of the Status Quo option. 

 

 
Figure 14: A manual adjustment to the default proportional view of utility. 

The revised utility relationships are graphically represented in Figure 15 where the 
bottom graph is no longer linear and proportional: 

 

 
Figure 15: The performance relationships across the Reputation aspect. 
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5.6 Result of the Analysis of Preferences and Performance 
The utility functions are summarised in Figure 16:  

 
Figure 16: The utility functions. 

With the weight coefficients from swing weighting established (Figure 8) and 
individual utility functions of Figure 16 established an additive utility value could be 
derived (Equation 1) for each decision option to express the overall utility of each 
decision alternative, with the results shown in Figure 17. 

 
Organisation Y was surprised to find that the AWS Cloud option was the choice 

with the highest additive utility value, followed by maintaining the Status Quo of the 
existing systems. Since maintaining systems can only be done for a limited period 
before they need to be decommissioned or replaced, this was in effect stating that the 
target state for Organisation Y’s IT delivery platform would be AWS Cloud. This 
would be true, even if there was an intermediary stage of simply sweating and 
patching existing assets.  

This was seen as indicating that a strategic re-evaluation was needed of 
Organisation Y’s IT planning for the next 5 years. The total additive utility level for, 
say, On-Premise, is 0.211 and the total additive utility level for AWS Cloud is 0.940. 
Hence, the difference in total utility levels between these two options is 0.729, and 
0.729/0.940 = 78%. Similarly, the total additive utility of the Status Quo is 0.795. The 
difference in utility levels between On-Premise and the Status Quo is 0.584, and 
0.584/0.729 = 73%. The result of the MCDA case study is illustrated in Figure 17. 

 
Figure 17: Additive utility scores for Organisation Y’s cloud decision. 
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5.7 Sensitivity Analysis 
 

Sensitivity analysis helps establish the degree to which vagueness on inferences or 
opinions can have an impact on the decision model’s outputs as a final step. It draws 
attention to areas in the decision analytic model that can influence the overall ordering 
of preferences. For example, differences of opinion or a lack of precision in the 
scoring of decision options. Weights were changed manually to test for sensitivity. 
The question is whether a change to the weight of a decision aspect results in a new 
preferred option being generated. If so, to what extent would a decision aspect need to 
change to alter the outcome of the additive utility scoring?  

Given the impact of the weight coefficient on the additive utility score, an area for 
further study would be the degree of confidence and accuracy that the participants 
displayed in their rating scores. For example, perhaps there might be agreement that 
the rating applied to Running Costs is not an absolute value with precise accuracy, but 
rather reflects a data point within a range of possible values. Were the degree of 
confidence within the decision team to be below an agreed level, for example, 80%, 
we might want to use Monte Carlo simulations to see the impact of a range of possible 
rating scores. 

However, in this study, the approach to sensitivity analysis was limited to 
checking by how far the aspect weight coefficients could be changed before the rank 
order between them changes. Sensitivity analysis was performed in this way on the 
basis that the participants were confident that the order of decision aspects reflected 
their preferences and that the best alternative would likely be presenting benefits 
somewhat aligned to that order. They were prepared to review the possibility that the 
rating scores assigned could be varied within a range. If a change in rating resulted in 
a change in the rank order of decision aspects, then it was considered a limit to the 
degree of change to the weighting coefficient for that aspect. 

For example, with Time to Market, by increasing the corresponding weight 
coefficient aspect by 0.03 units, it adds just 0.001 units to the additive utility score of 
the Status Quo as shown in Figure 18: 

  
Figure 18: Adding a maximum of 0.03 utility units to the Time to Market weighting. 

If the sliders are reset to zero and a reduction made to the weighting for Time to 
Market of just -0.01 units, that alters the rank relationship between the weights of the 
decision aspects and an error message appears, as shown in Figure 19: 
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Figure 19: Error messages on altering the rating and hence the weighting. 

This process of increasing and decreasing the rating to the point of altering the size 
order of the weights of the decision aspects, was repeated for each of the decision 
aspects. An exception was made for the highest ranking aspect, since this provides the 
upper level benchmark. The results are summarised in Appendix 4. 

In scenarios where the additive utility scores indicate that criteria weighting is 
sensitive to changes, the decision team were asked to assess how possible such a 
change in the ratings and weightings would be. For example, increasing the weighting 
of the decision aspect Reputation, has the effect of narrowing the utility difference 
between AWS Cloud and the Status Quo from 15% to just 11%. Whilst this is perhaps 
still too small a difference to alter the end result, it does indicate a need to properly 
question why such high prestige is attached to owning assets and whether the Annual 
Report should in fact highlight this as a genuine benefit. 

5.8 Working Hypothesises and Further Research 
Since this research uses a single case study to test how a decision analytic approach 
could be applied, it does not offer sufficient sampling to compare theory with data in 
an iterative manner across multiple experiments (Eisenhardt 1989, p. 541). Initial 
assumptions by the author had been that the core value of MCDA would be to help 
decision makers to come to conclusions on their most beneficial decision alternative in 
a more effective and systematic way. It was also assumed that there would be less 
dominance of cost reduction when considering the list of decision aspects. What 
became apparent over the course of the case study was that the participants in the case 
study were highly cost focused and had firm views on their most relevant and 
measurable decision aspects, regardless of the author’s views. 

Rather than shaping hypothesises based on empirical data, a working hypothesis 
was formed; that the benefit of using MCDA in cloud adoption decisions, lies not only 
in helping decision makers to select their “most beneficial” decision alternative, but 
also in the elimination of other less viable alternatives. By making it easier to identify, 
quantify and eliminate non-viable decision alternatives, the scope of decision analysis 
can be narrowed and simplified, making more resource and attention available for 
properly investigating the more viable alternatives. 

Shaping this working hypothesis from the experience of working with 
Organisation Y in MCDA, has led to the formation of constructs such as speed, 
simplicity and focus as the key benefits derived by the participants. Interactions with 
the sponsor and participants had revealed that their most pressing decision problems 
were more with process based delays, inertia and focusing on poorly defined benefits 
than the overall quality of their decision making. Before using MCDA, indecision was 
making the Status Quo the enduring, default choice. A key benefit of MCDA was that 
the additive utility scoring and sensitivity analysis had made it clear that time invested 
in discussing the ITO and On-Premise alternatives was not productive, given the poor 



38  

additive utility of these two options. Previously, extensive time and resources had 
been devoted to these two options. Being able to rationally eliminate them was seen 
as highly valuable and potentially enabling the sponsor and his team to reduce the 
time and effort of business planning and due diligence in their decision. Evidence for 
the importance of these three constructs gained through feedback from the 
participants and Red Oak Consulting includes: 

 
(a) Speed (i.e. being able to move from decision analysis to action quickly). 

 
“We got an unexpected result. On reflection, it is the right one. It would have 

taken us a lot longer to come to that conclusion before” 
 

(b) Simplicity (i.e. clarifying what was being decided and making it easier to 
understand what was most beneficial in the decision outcome). 

  
“This has helped us to properly understand and agree on what is and is not 

important in the decision.” 
 
“We can see that there is not really much value in owning hardware now.” 
 
“We came in thinking this is ‘all about the money’, but now we are asking 

what that really means.” 
 

(c) Focus (i.e. narrowing the discussion to what is really beneficial in a good 
decision outcome). 

 
 “The exercise takes away the dogma and entrenched positions. Anyone who 

has a strong opinion now has a better way of explaining it.” 
“We have been confusing the institution’s reputation with that of the IT team” 

 
“We are going to have to revisit our IT strategy.” 

 
However, some parties also made critical points which were also noted, such as: 
 

“This is a lot more complicated than we expected.” 
 
“You really have to work to understand this approach. This is quite 

confusing.” 
 
“We could only dedicate time to this sort of in depth approach on the big 

decisions.” 
 
“Does this really get us to the right decision or just reduce the options?” 
 

Given the critical opinions, it was hypothesised that MCDA is best suited to the 
more complex decision situations, rather than general day to day usage. A tangible 
benefit had been identified in terms of reducing the number of viable alternatives. 
This had the impact of simplifying the business case preparation and assessment 
process and potentially speeding up Organisation Y’s decision cycles in IT. Whilst an 
optimal decision had not yet been reached on IT Platform selection, in this case the 
analysis had led to a decision to revise the strategic plan for IT. The key decision was 
no longer whether a move to AWS Cloud made sense, but when that move would be 
most appropriate; in the short term as a leap into unfamiliar cloud technology and 
associated process changes, or after a few years of leveraging existing assets before 
their retirement and replacement with AWS Cloud.  
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Considering other studies of cloud adoption and decision making as enfolding 
literature, the main comparison drawn is that they are descriptive of methods and note 
that they could be employed with some examples, but do not address in any great 
depth how they could be employed (e.g. Whaiduzzaman et al., 2014). A further 
example, (Costa 2013), describes at length how existing software products can be used 
in MCDA around SaaS choices for a real organisation, but much of this study focuses 
on how to use MCDA software, not how a team of case study participants view their 
problems, objectives risks and choices through the new lens of MCDA and then 
attempt to make a group decision. Most of the focus is on use of the software tool, not 
how and why it reflected the decision makers’ preferences. A further example is 
provided by Papathanasiou et al. (2015), which looks at how aware a group of 
academics are about a SaaS definition of cloud computing and then attempt to use the 
decision analytic tools AHP and PROMETHEE to represent the preferences of those 
academics interviewed. This study presents the feedback of its study group on a 
selection of file sharing SaaS services, but does not work with them as a decision 
team, attempting to make a high impact decision. 

The time for reaching closure and stop iterating between theory and data was 
reached upon completion of the case study and agreement with Organisation Y on the 
key areas of difference between MCDA and their previous decision making methods. 
The MS Excel workbook was requested and provided to Organisation Y for use in 
future decision making. By addressing the question of how decision analytic methods 
can be usefully employed and documenting the process through which this was done, a 
repeatable approach has been validated to add to the body of research in this area. 

5.9 Review and Learnings 
Methods and behaviours can become embedded in how many companies approach IT 
procurement decisions. A decision might be passed from IT teams to Risk to 
Procurement to Finance and then back again to IT to execute. There has been a lack of 
a single, consensus based perspective on the problem that a IT purchase decision is 
expected to solve and what will most contribute to a successful outcome.  

The tendency to generate scorecards models can mask inherent cognitive biases and 
the impact of intuition and over confidence, when a disciplined decision analytic 
approach is absent. Decision failures do happen when cloud adoption is assessed by 
separate teams based on different measures of value such that no single perspective 
can be formed.  

The study highlighted the limitations of viewing cloud adoption as a two-
dimensional assessment framed as technology adoption, where the dominant criteria 
are perhaps TCO and technology features. MCDA enabled the decision team to 
capture a wider perspective on what drives the most value as an outcome and how the 
various decision aspects inter-relate. It also helped them to eliminate the non-viable 
alternatives and focus their energies on considering the relative benefits of the 
remaining and more beneficial options. The sensitivity analysis was useful to explore 
the range of change that the decision team were comfortable to make around their 
initial assessment and so validate the outcome. Closure of the case study (See Figure 
1), came when the decision team and sponsor felt that there was nothing to change or 
amend in the scores, weights and overall method. 

During the case study, the author has employed a common usage definition of risk 
as the potential for downside losses expressed in a probabilistic way (Appendix 5). 
Suggested areas for future study surround risk, the accuracy of decision model inputs 
and the participants’ confidence levels on the results of MCDA. For example: 

 
(a) After the ranking of hypothetical decision choices in swing weighting, could the 

rating and weighting be seen as reflecting a range of possible values rather than 
a fixed score? If so, how would we best gauge the participants’ degree of 
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confidence in their evaluations and use this in a Monte Carlo simulation to 
gauge the impact of confidence levels on additive utility scores? 

(b) The participants agreed that a key benefit to them in MCDA was narrowing the 
range of options and hence the scope and complexity of analysis in an 
investment approval and due diligence process. Could a study investigate 
different categories of organisations for empirical evidence of a correlation 
between the number of decision alternatives under consideration and the time 
and effort that is needed to complete an IT due diligence project? Is there 
correlation between comparative decision success rates where analysts have 
narrowly focused on say, two decision alternatives, rather than give equal 
consideration to say five alternatives within the same timescale limitations?  

 
6 Conclusions 
A good process has a strong degree of consistency in delivering a positive outcome 
(Hammond et al. 1999, p. 4). Decisions are being made in technology that can have a 
deep and lasting impact on the success of organisations. Whether that benefit is 
monetary, social, utility or some other form, it cannot be guaranteed as an outcome 
when decisions are taken under risk and uncertainty.  

Applying a decision analytic approach in a cloud computing decision context for 
Company X and Organisation Y illustrated the need for structured problem framing in 
a cloud context. Where the decision team does not want to follow a structured 
approach, it seems difficult to challenge their preferred approach to decision making. 
The due diligence step of giving consideration to inherent biases before a decision 
analytic approach was applied at Organisation Y, contributed to the success of MCDA. 
It helped the decision team to understand that their current approach may work in 
many cases, but that trade-offs were not being made between decision aspects. It was 
found that bias needs to be explicitly identified and discussed. Consideration has to be 
given to how a decision team would normally arrive at a “most beneficial alternative” 
before providing them with a more systematic approach. 

The case study of Organisation Y showed that a decision analytic method can be 
applied to a cloud computing context. The selected method (Figure 1) ensured that the 
process followed clearly demarcated steps that led to a conclusion.  

The feedback from the decision team was that at first, they felt that the MCDA 
approach was overly complex and simply duplicating what they already, intuitively 
did. However, as the discussion and documentation developed, they realised that by 
investing time in MCDA, they could save time in their approvals process by narrowing 
the scope of analysis and better explaining how and why alternatives had been 
eliminated. In their opinion, this was particularly helpful when dealing with non-
technical stakeholders such as Finance professionals, who needed more detail and 
clarity before committing to technology investments and change programmes. 

A framework such as PrOACT was useful in framing the problem to be solved and 
driving decision readiness, but does not need to be approached dogmatically. It serves 
as a useful reference point with simple, repeatable steps that establish the context of 
the problem so that a problem statement can be agreed and sufficient consensus for the 
output of MCDA to be understood and accepted by the decision team. It helped the 
decision team to structure their documentation to be easier for others to understand. 

The outcome of the decision analytic approach was useful for Organisation Y 
because it showed them that regardless of emotions and intuition, the two decision 
options that involved building new IT systems (i.e. ITO and On-Premise) could be 
easily eliminated through MCDA. This left the remaining two options of AWS cloud 
and Status Quo. This meant that the main decision faced by Organisation Y was one of 
timing rather than technology: whether to move IT delivery to AWS cloud in the short 
term, or whether to first depreciate assets, build capabilities and adopt AWS cloud in a 
few years.   
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Appendix 1: Problem Statement 
Organisation Y agreed the following Problem Statement summary prior to a workshop 
and decision analysis. Their inputs have been anonymised for confidentiality. 
 
Organisation Y’s Problem Statement 

The purpose of this document is to summarise Organisation Y’s perspectives on the 
current state of IT delivery and how best to deliver continuous improvement over time. 
We aim to summarise what we need to achieve as a team and develop a business case 
that reflects a company-wide perspective. 

The Question 

“Should we continue to build and run our own on-premise data centre facilities, or 
should we work with third parties to provide our researchers with the right level of 
computational capabilities?” 
 
Objectives  

Maximise speed of research outcomes: It currently takes about 12 months for HPC 
resources to be made available to researchers and for them to complete projects using 
these on-premise facilities. We would aim to reduce this to less than 10 months. This 
Time to Market is critical to a research facility and a clear indicator of its operational 
performance. 

Minimise running costs: We mange 10,000 cores, delivered through a mix of 
technology platforms. We would struggle to accurately provide Finance with a 
granular TCO of current IT service delivery with costs allocated to researchers. 
Ideally, we would like to give finance detailed reporting at the level of total Opex and 
also Capex per project. This makes budgetary forecasting difficult and accurate 
charge-back virtually impossible at this time. 

Minimise project costs: Given the complexity of IT systems, much of our IT staff time is 
dedicated to “keeping the lights on”, when it would be better if more focus was placed on 
reducing the cost of delivering projects by driving efficiencies. The project costs associated 
with upgrading and refreshing IT systems adds substantially to the cost and complexity of 
project delivery. 

Maximise Reputation: The credibility of research is linked to the IT facilities and 
capabilities that enable that research to be completed. Owning physical assets such as 
data centres, is seen as adding to the prestige of the institution and the research that it 
generates. This is evidenced by explicit mention of the scale of IT investments in the 
Annual Report. Adoption of cloud computing would be a potential risk since it would 
reduce the credibility of delivery should all technical expertise in building HPC 
systems lie with a third party, where Organisation Y has no association of ownership 
nor lease over the assets. 

Maximise HPC Size: The upper limits of the scale of the HPC systems available, 
determines the capacity of the IT department to deliver value to Organisation Y. The 
objective is to be able to scale processing activities to whatever the needs of the 
researchers may be. 
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Decision Options  

We have agreed that a phased migration of services to public cloud presents the lowest 
risk with the maximum benefits. In this context our options are: 
 

(a) On-premise – Continue to build, run and upgrade IT using in-house resource 
(b) ITO – enter an outsourcing and lease arrangement with a third party. 
(c) AWS Cloud – migrate the majority of HPC workloads to public cloud. 
(d) Status Quo – continue to tolerate current HPC limitations over time. 

 
Problem Statement  

(a) Target State: The target state is for the HPC facilities to be able to scale to 
deliver a wide variety of research outputs within time and budget and be based 
on the latest technology so that they add to the prestige and credibility of the 
institution through IT expertise. 

(b) Current State: The current data centres are reaching the end of their lifespan 
and to continue running them for more that 2 years would introduce the risk of 
higher failure rates. At this time, most of the assets are depreciated, so the 
running costs are relatively low. The key limitation of the current HPC facilities 
is their ability to scale to meet projected increases in demand.  

(c) Urgency & Risks: Organisation Y’s research outputs have grown remarkably 
over the past few years. For the leadership team to sustain solid results, there 
has to be a quality of service delivery that exceeds peer institutions. There is 
window of opportunity of around 2 years before the current system becomes 
obsolete and unable to meet demand. 
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Appendix 2: Decision Support Workshop Synopsis 
 
Company Name: ____________________ 
Contacts:   ____________________ 

Objective 
Over a half day meeting, we will be considering what your IT decisions are intended 
to achieve and what objectives need to be fulfilled for a successful outcome. In 
particular, we will examine whether cloud or on-premise IT delivers the best value to 
your business (which we will refer to as “Organisation Y”). 

 
Agenda 

 
1. Introductions 
2. The problem: What are you trying to change and why? A group discussion to get 

agreement on the question of what it is your IT capability expected to achieve, the 
problem that a change in approach should ideally solve and what makes a decision 
outcome successful. We will complete this when we have agreement on the wording 
of a problem statement, an initial high level list of objectives, a list of options and a 
list of concerns and barriers that are seen as potential consequences of the decision. 

 
3. Current Practice: What is your culture of decision making and what influences 

outcomes? Having defined the aspects of a successful outcome, we will further 
discuss your opinions on your options and outcomes and how you might typically 
come to decisions as a team. Does one person dominate the process? Does debate 
go on for too long? Are you, as a team, typically satisfied with your outcomes? If 
anyone has a strong preference for any of the options, we will have an in-depth 
discussion to determine whether that preference is logical, emotion or subject to 
bias. 
 

4. Deciding on objectives: What is of benefit in the outcome? We will revisit the 
subject of decision criteria and objectives. A Hierarchy of Benefits will be presented 
before the meeting. You will be asked to agree as a team, a short list of, for 
example, around 5 priority objectives and how they could be measured (e.g. 
monetary gain, time, etc.).  
 

5. Deciding on alternatives: Is the list of decision alternatives complete or is there 
anything missing? The outcome will depend on the list of options. We need a 
comprehensive, in-depth discussion of the different options, your instinctive 
preferences and any reason why you think one option might be better than another. 
From this, we should better understand the level of objectivity in the team before we 
look at establishing utility functions.  
 

6. Decision Analysis: Which options best represent your preferred decision aspects? 
Now that we have a final list of decision options, aspects and how you would 
typically measure success, we will analyse your decision with you. Some aspects 
may not be easily measured in numerical terms such as time or money and we may 
need to discuss and agree an acceptable scoring approach based on categories 
described in words such as “poor”, “average” and “good” that can be applied to the 
different alternatives.  

We will start by using your data and opinions to create the sort of naive, simple 
consequences table which may be used by Procurement teams. This would be a 
scoring matrix with decision options at the top, aspects at the side and random 
weighting applied to all scored options by criteria, based on no more than subjective 
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opinions before a sum total for each option is calculated. We will discuss how 
accurately this commonly used, basic approach represents your decision and 
whether or not it is prone to error. Having discussed the effectiveness of a 
commonly used tool, we will move on to the use of decision tools.  

We will present an alternative approach to decision analysis known as “swing 
weighting”. This swing weighting approach will follow these steps: 

 
(a) Create a consequences table of the decision options and aspects you are 

assessing. Use attribute values which are either numerical (e.g. monetary 
values, time, etc.) or categories (e.g. low, medium, high). We will look at the 
utility gain/loss of moving from one category to another. In this case, we will 
need a description of what it means to be a member of each category and 
whether the utility gain from low to medium is equal, greater or less than the 
utility gain from medium to high. 

(b) Create an individual utility function for each decision aspect with a score of 0 
for the worst and 1 for the best for each level in each aspect. How each aspect is 
scored and the scale of measured value that applies to each, will be discussed in 
the context of how it applies in a real-life comparison of score. For example, if 
we looked at the numerical scores for Performance and the utility gain when 
moving from 98% to 99% uptime. These two levels of performance (expressed 
as uptime) differ by just 1% where the utility difference from 98% to 99% 
uptime is negative and the utility difference from 99% to 98% uptime is 
positive (since 99% is greater than 98%, and thus better than, since we prefer 
higher uptime to lower). Now what about an increase of 1% between 97% and 
98% uptime? 98% is better than 97%, but how big is the utility gain from 97% 
to 98% compared with the utility gain from 98% to 99%? Would the utility 
difference at the top end have a highly beneficial consequence (e.g. pass a point 
of excellence that leads to competitive advantage) whereas any difference 
between uptime levels of less than, for example, 97% would not deliver a 
significant utility difference in service quality and so would not influence a 
customer’s purchase decision? 
It is not only of interest to know that I prefer uptime of 99% over 98%, but also 
how strong my preferences are. Analysis of each aspect needs to reflect the 
value of what is being measured to the decision maker and how each score 
inter-relates. 

(c) Create a table of fictional alternatives, where each has the best attribute value 
on one aspect and the worst on all others. Add a benchmark created from all the 
lowest scores across the decision aspects. This is a swing weighting table. You 
will be asked to rank the fictional alternatives from best to worst. 

(d) After picking a Rank No. 1, you assign it 100 points. You have already created 
a 0 from the lowest scores benchmark. Now rate the other aspects by asking “if 
I did not get the best option, how many points would I award the second best 
alternative, given that a lowest score of 0 is assigned to the benchmark 
alternative and 100 is awarded to the best alternative?” Repeat, moving down 
the rankings one by one. Then these scores are normalised by dividing each by 
the sum of all, to create an “exchange rate” between the different aspect utility 
functions. 

(e) These normalised weightings can now be used as coefficients in the additive 
utility function. The additive utility of each of the real-life options is calculated 
by using the additive utility function with the utility values from step (b) with 
the coefficients determined in (d). 

(f) We will then look at sensitivity analysis. 
 

7. Outcomes: Was this exercise in decision analysis helpful to you? 
Leaving the workshop, it will be considered successful if you have: 
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 - documentation to help justify and explain your real-world decision choices. 
 - more clarity and consensus on what is important in the decision and why. 

 - a clearer view of your choices and their consequences. 
 

8. Feedback 
After the workshop, you will be asked for your feedback on whether this approach 
was helpful, what you would improve and whether it generated insights and more 
confidence in your decision making. 
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Appendix 3: Decision Analysis Inputs Sheet 
 

 
 

 
 

1.1 Problem	Statement	(High	Level	<30	words)

1.2 Decision	Options	

1.2.1 On-Premise

1.2.2 ITO

1.2.3 AWS	Cloud

1.2.4 Status	Quo

Should	we	continue	to	build	and	run	our	own	on-premise	data	centre	facilities,	or	should	we	work	with	third	parties	to	provide	our	researchers	with	
computational	capabilities?

Continue	the	current	data	centre	operations	and	strategy	where	all	capabilities	are	built	and	run	in-house.

Find	third	parties	who	would	put	the	data	centre	asset	on	their	balance	sheet	and	run	the	facility	as	an	outsourced	managed	service	(ITO),	charging	a	monthly	
fee	for	services	plus	any	change	requests.

Migrate	the	majority	(over	70%)	of	IT	infrastructure	to	a	reliable	public	cloud	provider	(AWS)	and	pay	for	what	is	used	when	it	is	needed,	without	further	
adding	to	on-premise	facilities.

Accept	the	limitations	of	the	current	system	and	make	do	with	on-going	fixes	and	patches	based	on	needs.

1.3 Decision	Aspects	(i.e.	objectives,	criteria,	attributes…)

1.3.1 Time	to	Market LOW number	delivers	the	most	benefits.

On-Premise ITO AWS	Cloud Status	Quo

Units	of	Measure: RFS	Months scores: 18 21 10 12

Why	Selected?

Impact	on	the	Outcome?

Evidence	strong	performance

Evidence	of	a	poor	performance

1.3.2 Running	Costs LOW number	delivers	the	most	benefits.

On-Premise ITO AWS	Cloud Status	Quo

Units	of	Measure: £ scores: 500,000																					 400,000																					 100,000																		 50,000																				

Why	Selected?

Impact	on	the	Outcome?

Evidence	strong	performance

Evidence	of	a	poor	performance

Strong	performance	would	be	indicated	by	costs	that	are	within	the	annual	budget	assigned	by	Finance	department.

A	poor	degree	of	control	on	running	costs	would	be	evidenced	by	spiraling	costs	and	concerns	raised	by	management	and	potentially	auditors.

A	fast	time	to	market	tends	to	be	accompanied	by	larger	funding	grants	and	a	greater	ability	to	attract	and	retain	rare,	key	talent.	It	is	a	capability	that	is	

largely	IT	enabled.

Strong	performance	would	be	evidenced	by	the	shortest	time	to	establish	the	computational	power	required	to	deliver	research	results.	This	would	be	

evidenced	by	more	published	papers,	patents	and	better	peer	ranking.

Poor	performance	on	time	to	market	would	be	evidenced	by	declining	prestige	as	a	research	facility.	The	number	of	papers	published	and	patent	applications	

filed	would	reduce	and	there	would	be	frustrations	at	the	delay	in	provisioning	IT	resources	for	research	projects.

The	cost	of	managing		IT	resources	is	key	to	the	ability	to	deliver	since	the	budget	per	research	project	has	limitations.	Money	spent	on	running	IT	is	money	

that	is	not	available	for	researchers'	salaries	and	other	investments	that	drive	the	core	research.

If	the	budget	is	not	available,	research	needs	to	stop	or	get	emergency	funding.

The	research	facility	differentiates	based	on	time	to	insight,	so	the	most	successful	market	research	facility	will	typically	be	the	one	that	can	deliver	the	

shortest	time	to	deliver	research	outcomes.	
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Figure 20: Pre-workshop data gathering inputs sheet. 

  

1.3.3 Project	Costs LOW number	delivers	the	most	benefits.

On-Premise ITO AWS	Cloud Status	Quo

Units	of	Measure: £ scores: 15,000,000															 10,000,000															 1,000,000															 1,500,000															

Why	Selected?

Impact	on	the	Outcome?

Evidence	strong	performance

Evidence	of	a	poor	performance

1.3.4 Reputation HIGH number	delivers	the	most	benefits.

On-Premise ITO AWS	Cloud Status	Quo

Units	of	Measure: Score scores: 5 4 1 2

Why	Selected?

Evidence	strong	performance

Evidence	of	a	poor	performance

1.3.5 HPC	Size HIGH number	delivers	the	most	benefits.

On-Premise ITO AWS	Cloud Status	Quo

Units	of	Measure: Cores scores: 10,000																							 9,000																									 11,000																				 5,000																							

Why	Selected?

Evidence	strong	performance

Evidence	of	a	poor	performance

There	would	be		the	right	IT	skills	and	computational	resource	available	to	ensure	flexibility	in	the	delivery	of	multiple	research	projects	simultaneously,	all	of	
which	may	be	of	different	sizes	and	complexity	and	place	a	variety	of	demands	on	IT	teams.

Poor	performance	in	the	flexibility	of	the	HPC	systems	due	to	size	constraints,	would	limit	the	potential	of	the	research	facility	to	low	processing	loads	and	
simpler	projects	which	would	prevent	researchers	from	taking	on	complex	projects.	

A	poor	degree	of	control	on	running	costs	would	be	evidenced	by	spiraling	costs	and	concerns	raised	by	management	and	potentially	auditors.

A	strong	degree	of	excellence	in	managing	project	costs	would	be	evidenced	by	confidence	in	budgetary	planning	and	a	track	record	of	delivery	of	projects	
within	time	and	budget.

Poor	performance	in	project	costs	would	be	evidenced	by	a	track	record	of	budget	over-runs	and	a	poor	ability	to	deliver	working	projects	on	time.	There	
would	be	a	higher	than	average	project	failure	rate.	

Strong	evidence	for	reputational	value	in	IT	would	inclue	the		ability	to	highlight	expertise	to	peers	and	wider	communities,	citing	as	evidence	the	size	and	
capability	of	the	data	centre	estate.

The	perception	is	that	owning	and	running	a	big	data	centre	facility	is	a	sign	of	commitment	to	the	research	and	a	measure	of	importance.	There	is	an	
intangible	value	in	being	a	research	facility	that	has	invested	in	tangibel	facilities	that	are	large	scale	and	would	be	a	barrier	to	entry.

The	size	of	the	High	Performance	Computing	(HPC)	system	has	a	significant	impact	on	the	in-houce	skills	needed	to	manage	IT	and	the	ability	to	deliver	results	
that	have	strong	accuracy	may	be	time	sensitive.	The	aspect	hof	HPC	size	and	scale	as	been	selected	as	quality	assurance	check	on	the	overall	IT	delivery	

A	poor	reputation	in	IT	delivery	might	be	evidenced	by	a	lack	of	facilities	that	indicate	complexity	in	IT	service	delivery.	The	data	centre	is	a	barrier	to	entry	
and	not	having	that	investment	would	result	in	not	being	taken	seriously	by	other	researchers	and/or	IT	professionals.

The	project	costs	represent	actual	money	leaving	the	research	facility.	This	will	include	the	costs	of	procuring	IT	resources,	technology	execution,	testing,	
launch	and	decommissioning.	It	will	also	include	the	potential	cost	of	delays.	

Where	project	costs	are	kept	to	within	budget	it	builds	confidence	in	the	competence	and	execution	capabilities	of	the	IT	management	team	and	ensures	that	
the	researchers	trust	IT	to	deliver	computational	resources	in	a	cost	efficient	and	timely	manner.



52  

Appendix 4: Results of Sensitivity Analysis 

 
Figure 21: Sensitivity analysis scenarios. 

Adding and subtracting utility units, by increasing and decreasing the rating and 
hence the weighting levels until a change in the size order of the decision aspects, did 
not result in an outcome that would question the original assessment.  

Original	 RANK RATE Weight

Time	to	Market 2 85 0.27																			
Running	Costs 3 80 0.25																			
Project	Costs 1 100 0.32																			
Reputation 5 10 0.03																			
HPC	Size 4 40 0.13																			

Time	to	Market:			Maximum	utility	unit	changes	without	altering	size	order	of	weights
On-Premise ITO AWS	Cloud Status	Quo

TOTAL	additive	utility	score 0.2112 0.2783 0.9400 0.7952
No	change	vs	AWS	Cloud 78% 70% 0% 15%

Maximum	Change	in	Utility	Units	(by	reducing	rate,	hence	weight)
Revised	Total	 0.2103 0.2821 0.9392 0.7948
Change	in	Utility	Units 0.0008 -0.0038 0.0008 0.0003
Utility	Difference	vs	AWS	Cloud 78% 70% 0% 15%

Maximum	Change	in	Utility	Units	(by	increasing	rate,	hence	weight)
Revised	Total	 0.2139 0.2661 0.9427 0.7962
Change	in	Utility	Units -0.0027 0.0122 -0.0026 -0.0010
Utility	Difference	vs	AWS	Cloud 77% 72% 0% 16%

Running	Costs:			Maximum	utility	unit	changes	without	altering	size	order	of	weights
On-Premise ITO AWS	Cloud Status	Quo

ORIGINAL TOTAL	additive	utility	score 0.2112 0.2783 0.9400 0.7952
No	change	vs	AWS	Cloud 78% 70% 0% 15%

Maximum	Change	in	Utility	Units	(by	reducing	rate,	hence	weight)
Revised	Total	 0.2394 0.2862 0.9410 0.7609
Change	in	Utility	Units -0.0283 -0.0080 -0.0009 0.0343

Utility	Difference	vs	AWS	Cloud 75% 70% 0% 19%

Maximum	Change	in	Utility	Units	(by	increasing	rate,	hence	weight)
Revised	Total	 0.2200 0.2800 0.9800 0.8300
Change	in	Utility	Units -0.0088 -0.0017 -0.0400 -0.0348

Utility	Difference	vs	AWS	Cloud 78% 72% 0% 15%

Reputation:			Maximum	utility	unit	changes	without	altering	size	order	of	weights
On-Premise ITO AWS	Cloud Status	Quo

ORIGINAL TOTAL	additive	utility	score 0.2112 0.2783 0.9400 0.7952
No	change	vs	AWS	Cloud 78% 70% 0% 15%

Maximum	Change	in	Utility	Units	(by	reducing	rate,	hence	weight)
Revised	Total	 0.1887 0.2612 0.9963 0.8259
Change	in	Utility	Units 0.0225 0.0171 -0.0563 -0.0307

Utility	Difference	vs	AWS	Cloud 81% 74% 0% 17%

Maximum	Change	in	Utility	Units	(by	increasing	rate,	hence	weight)
Revised	Total	 0.2947 0.3192 0.9140 0.8106
Change	in	Utility	Units -0.0835 -0.0409 0.0261 -0.0154
Utility	Difference	vs	AWS	Cloud 68% 65% 0% 11%

HPC	Size:			Maximum	utility	unit	changes	without	altering	size	order	of	weights
On-Premise ITO AWS	Cloud Status	Quo

ORIGINAL TOTAL	additive	utility	score 0.2112 0.2783 0.9400 0.7952
No	change	vs	AWS	Cloud 78% 70% 0% 15%

Maximum	Change	in	Utility	Units	(by	reducing	rate,	hence	weight)
Revised	Total	 0.2103 0.2821 0.9392 0.7948
Change	in	Utility	Units 0.0008 -0.0038 0.0008 0.0003

Utility	Difference	vs	AWS	Cloud 78% 70% 0% 15%

Maximum	Change	in	Utility	Units	(by	increasing	rate,	hence	weight)
Revised	Total	 0.2976 0.3217 1.0089 0.7572
Change	in	Utility	Units -0.0864 -0.0434 -0.0689 0.0379
Utility	Difference	vs	AWS	Cloud 71% 68% 0% 25%

ORIGINAL

-0.0038

0.0379

-0.0038

0.0122

-0.0283

-0.0017

-0.0563

0.02607
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Appendix 5: Glossary of Terms 
Agility: The speed with which business processes are completed and objectives 
achieved. 

Application: A software programme designed to serve the needs of its users. 

Analytic Hierarchy Process (AHP): is a MCDA approach for organizing and 
analysing multi-attribute decisions, based on mathematics and psychology and the use 
of eigenvectors. It was developed by Thomas Saaty in the 1970s. 

Capital Expense (CAPEX): an expense type where the benefit extends over a long 
period. 

Cloud Adoption: the use of cloud technologies by a user or organization. 

Cloud Service Provider (CSP): a provider of cloud computing as an on-demand, 
utility service. 

Cognitive bias: a pattern of deviation from a norm of rationality due to false 
inferences. 

Cores: Computer processors can have a single core or multiple cores. The core is that 
processing module which takes in commands and delivers outcomes based on those 
instructions. 

DevOps: A set of practices that emphasis cooperation and synergy between developers 
and operations. 

Expected Utility (EU): The weighted average utility of the possible outcomes of a 
probabilistic situation; the sum or integral of the product of the probability distribution 
and the utility function. 

High Performance Computing (HPC) refers to the practice of aggregating 
computational resources to deliver faster, more resilient performance that would 
typically be possible with more dispersed computational resources. 

Heuristics: An approach to problem solving that employs a practical method that is 
not guaranteed to be effective but which reflects the need to make a decision with 
limited time and data. 

Information Technology Infrastructure Library (ITIL): IT services is a set of best 
practices for IT Service Management that are designed to ensure that IT operations are 
aligned to the needs of the business and support its core processes.  

IT Outsourcing (ITO): An organisation’s outsourcing of computer or Internet related 
work to third party companies. It is often used in the context of business process 
outsourcing (BPO), where process rather than technology is managed by third parties.  

Mass migration: The movement of large groups of applications and workloads from 
an estate of on-premise servers to a cloud based environment. 

Multi-Criteria Decision Analysis (MCDA): an approach to decision making for 
choices that involve conflicting objectives, aspects and trade-offs. 

On-Premise: A physical computer system, bought, built and run by an organization. 

Operational Expense (OPEX): the on-going cost for running a system, process or 
business. 

Priority 1/0 incidents: The highest priority category for incidents in IT Service 
Management. 

Probability: The likelihood of an event occurring, expressed as a number between 1 
and 0.   
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PROMETHEE: The Preference Ranking Organization METHod for Enrichment of 
Evaluations is a MCDA method based on pairwise comparisons and preference 
analysis. 

Proof of Concept (POC): A demonstration or pilot that validates whether a proposed 
solution is feasible. 

Return on Capital Employed (ROCE): A profitability ration that illustrates how 
efficiently a company generates profits from its assets.  

Return on Investment (ROI): The gain or loss generated by an activity relative to the 
amount of money invested. 

Risk: A state of uncertainty where a probability can be associated with one or more 
occurrences and a quantified downside loss can be associated with its impact. 

Service Level Agreement (SLA): A formal commitment to quality and performance 
measures that is set between a buyer and a seller. 

Uncertainty: The order or nature of decision outcomes is unknown and/or there is 
sufficient unpredictability to prevent the assignment of probability values. 

Workloads: The amount of processing that a computer system needs to do at a 
given time. 


