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Element Appearance on Figure 5
Parent element Child element Left diagram Right diagram
Controllers:
Treatment Definition Yes Yes
Treatment Delivery Yes As frame
Medical Team No Yes
Operators No Yes
Treatment Facility No Yes
Controlled Processes:
Patient Treatment Yes Yes
Control Actions:
Define Treatment Yes No
\ Specify Irradiation No Yes
Specify Therapeutic Requirements No Yes
Prepare patient Yes Yes
Create and deliver beam Yes Yes
Feedback:
QA results Yes Yes*
Physiognomy changes Yes Yes
Patient well-being Yes Yes
Physiognomy changes Yes Yes
Health outcome Yes Yes

* Feedback appears twice on the right diagram. Once linked to the Operators, once to the Medical Team.

Table 2: Appearance of elements in Figure 5.

5.2. Ruleset for Levels of Abstraction

Also for the use case “Levels of Abstraction”, a set of rules has been identified. For
example, the following pair of rules:

e A feedback may have multiple sinks.

o If a feedback has multiple sinks, they must be related to each other by a
parent-child relationship.

These two rules apply to the feedback Patient well-being of Figure 5. The sink of this
feedback is the controller Treatment Delivery (left diagram) respectively, but more
precisely, the controller Medical Team (right diagram) is related by a parent-child
relationship with Treatment Delivery.

6. Conclusion and Outlook

While the rulesets for the individual use cases have been derived and a successful
preliminary verification of them was conducted, the consolidation of the rules is still work
in progress.

We believe the concept described in this paper is especially useful when an analysis
shall dive into the details of a system. Making sure to comply with the ruleset and
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constraints involves some effort; however, we believe this effort is highly automatable
through software tools and does therefore not necessarily result in substantial additional
workload for the analyst. Nevertheless, the analyst has to understand the basic concept of
modelling HCS with multiple diagrams.

The ruleset and constraints allowing complementing views have successfully been
implemented in a STPA software tool [11]. In a next step, the proposed concept will be
applied from the start of an analysis project with STPA.
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Abstract: In this rapidly changing and fast-growing world, sustainability is an important paradigm.
However, the constantly growing level of uncertainty leads to increased strain in decision making.
This results in a growing need for a more effective and extensive approach for identifying project risk
in particular events that are not easily detected but can have a severe impact, sometimes referred to
as Black Swans or “fat tail” events. The VUCA meter is a normative approach to identify project risk
by assessing in a structured way events that may be volatile, uncertain, complex, and ambiguous
and might contribute to the project risk. In this study, the VUCA meter is benchmarked against
a traditional risk identification process as recommended by PMI®. Firstly, two workshops, each
referring to the respective risk identification method, were conducted. Secondly, a Delphi survey
was run to investigate if the VUCA meter would capture Black Swan risk events that are bypassed by
the traditional risk identification approach. The results clearly indicate that the VUCA meter can be
developed to be a significant addition to the conventional risk identification process for large projects
that are at an early stage. The VUCA meter facilitates a discussion that gets people to think beyond
the traditional framework for identifying project risk factors. As a consequence, “fat tail” events, that
are not apprehended with the conventional technique, are captured by the VUCA meter.

Keywords: project management; risk management; risk identification; risk assessment; VUCA

1. Introduction

The Vadlaheidargong project is a 7.5 km mountain tunnel at the north coast of Iceland
connecting the city of Akureyri with Fnjoskadalur. The initial business model for the tunnel
project was presented in 2002. It was assumed that the construction and the operation of
the tunnel would be a private-public enterprise with high feasibility and limited technical
difficulties [1]. Road tolls would recover all costs within 20 years plus a macroeconomic
gain of 8% [2]. When market financing folded due to the international finance crisis in
2008, the arrangement was modified and the Icelandic government guaranteed a loan to
make the construction possible. When the construction commenced, the Vadlaheidargong
project soon hit some serious unforeseen problems. In the beginning of 2014, a major hot
water leak, due to unexpected geothermal activity in the mountain, was detected making
drilling impossible due to heat and steam. To be able to proceed, the contractor had to
move the equipment to the other side of the mountain and continue drilling from there.
Unfortunately, in April 2015, a major unexpected cold water leak was discovered on the
new drilling site. The water completely floated the tunnel causing serious problems. A
famous news clip from this period shows a TV reporter rowing a boat inside the tunnel to
investigate the conditions. The tunnel was scheduled to be ready for traffic in 2016 (the
initial plan assumed 2011). However, it was only operative in December 2018, more than
two years later than planned [1]. The cost overrun in 2017 was estimated at 44%. However,
it should be noted that in the presented cost overrun number, the cost of finance was not
included and the real total cost overrun is thus much higher [3]. In July 2019, it was noted
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that the income from the tolls was 35-40% less than expected [4]. Moreover, the COVID-19
pandemic resulted in a major breach in traffic volume in 2020, as the Icelandic tourist
industry collapsed and local people were encouraged to limit their mobility as much as
possible. This brief overview of a recent extensive infrastructure project is an appropriate
prelude to a paper on a new method for assessing project risk in the modern fast changing
and turbulent environment that is also urging for sustainable solutions.

We published our study on the VUCA meter, “The VUCA'ility of Projects; A New
Approach to Assess a Project Risk in a Complex World” in the beginning of 2021 [5]. The
study introduced a risk identification tool to supplement the conventional approach for
risk assessment, advocated by international project management associations such as PMI
(Project Management Institute). The initial idea assumes that we live in a VUCA business
world [6] where volatility, uncertainty, complexity, and ambiguity prevail. In this rapidly
changing environment, the need for a comprehensive risk identification process has become
more remarkable and more significant in any project preparation [7]. The conventional risk
assessment model is based on evaluating risk events based on two variables, the likelihood
of the occurrence and the impact the risk event would have if it occurred. These two
values are then used to rank the possible risk events to determine the most significant
ones [8]. However, studies, such as Ackermann et al. [9], mention that the conventional
approach used to identify and assess risk is too narrow and might not detect a “wider set
of risks”. The short narrative on Vadlaheidargong, earlier in this text, is descriptive for
the “unknown unknowns” that a project planner can be confronted with. An international
economic collapse, an unknown hot water vein, and an unknown cold water source effected
the project lifecycle negatively. Furthermore, the COVID-19 pandemic almost wiped out
the number of tourists visiting Iceland in 2020 reducing even further the expected tunnel
traffic. It is questionable that the conventional approach would detect a low probability
and high impact risk event such as the COVID-19 pandemic, political undercurrents caused
by unconventional politicians such as president Trump, uncertainty in weather-related
incidents due to climate changes, and so on. Furthermore, assessors and decision makers
may have cognitive limitations to make judgments on probabilities, as was determined by
the seminal work of Daniel Kahneman and Amos Tversky who published their findings in
a series of papers in the early 1970s [10]. The central theme of their work is that people use
simple mental strategies to cope with complex estimates and make judgments. This alone
justifies further considerations of whether a traditional risk identification and assessment
can be improved to ensure it covers possible risk factors in a more comprehensive way.
Bent Flybjerg [11] has recommended the use of “reference class forecasting”, a forecasting
method based on empirical evidence, to bypass the biases of human judgments [11]. The
problem of the limitations of traditional risk management is, e.g., well documented by the
influential work of Nassim Taleb [12,13]. Low probability and high impact events are often
referred to as “Black Swan” events and the fallacy of overlooking them is named the “ludic
fallacy”. The ludic fallacy states that decision makers might ignore small variations in the
data that could have huge impact. This is also referred to as “fat tail risk”, referring to the
tails of the normal distribution—located several standard deviations from the mean [13].
Taleb [12] defines a Black Swan as an event meeting three criteria: (a) it is an outlier as it
lies outside the realm of regular expectations, (b) it carries extreme impact, and (c) human
nature makes us put together explanations for its occurrence afterwards, making it seem
explainable and predictable.

In response to the need to seclude risk events, arguably overlooked by the conventional
approach, we presented the VUCA meter, intended to complement the conventional risk
identification and assessment. The meter is based on the VUCA concept explained briefly
later in this text, which stands for volatility, uncertainty, complexity, and ambiguity. The
VUCA meter endeavors to investigate the VUCA'ility of the project. An example could
be a search for items that pertain to the volatility of a particular project, the uncertainty,
and so on. In short, the VUCA meter is designed as a normative method to capture risk
factors with VUCA semantics as a point of view [6]. This research aims to test whether
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the VUCA meter can improve the conventional risk identification process. It was done by
selecting one large project currently under planning and testing the VUCA meter. Experts
involved in the chosen project were divided into two workshops. Several focus questions
were designed for each workshop. The purpose of the first workshop was to perform a risk
identification and assessment based on the traditional framework presented in the PMI
Standard for Risk Management in Portfolios, Programs, and Projects [8]. The purpose of
the second workshop was to apply a new method for identifying and assessing risk based
on the VUCA meter presented by Fridgeirsson and Ingason et al. [5]. The main focus of
this study is to investigate whether the VUCA meter can supplement the conventional risk
identification process by capturing Black Swan events in the domain of projects and project
management. As the world is confronted with the enormous responsibilities related to,
e.g., geopolitics, climate change, energy adaption, and social media, the isolation of risk
that can harm sustainability seems imperative.

2. Literature Review

The importance of risk management in the context of project management has been
widely discussed in the existing scientific literature [14,15]. All the tools and techniques
used in risk management for projects are designed to help ensure that the project’s delivered
results are as expected and within identified constraints for the project. In the generic life
cycle of projects, it is considered most effective when the risk events are identified and
dealt with at an early stage of the project to be able to avoid big problems occurring in the
project and to be aware of the risk events throughout its life cycle [7]. The risk management
process is mainly divided into six steps: (1) Risk identification, where all possible risks that
can have a negative impact on the project are identified; (2) risk assessment, including risk
analysis, to determine which factors are the most important (riskiest) ones for the project;
(3) a strategy and corresponding actions are developed and implemented to mitigate the
risk; (4) monitoring and control of the risk; (5) report and integration against the risk; and
(6) support for risk management, for example, with periodic project and risk meetings [16].

In this study, the emphasis is mainly on the beginning of the risk management process,
the first two steps, where the risk events are identified and assessed. This is carried
out using tools and techniques such as expert judgment, data gathering, data analysis,
interpersonal and team skills, prompt lists, and meetings. Many of those involved in a
project can contribute to the risk identification process, such as the project team members,
customers, project manager, operations managers, stakeholders, end-users, and of course,
the project risk specialist if assigned. Generally, the risk assessment is done by assessing
on one hand the likelihood of a risk event occurring and on the other hand the impact of
the same risk event on the project [17]. This conventional open approach to assess risk as
described above has been disputed and there are several scientific research studies where
it has been argued that this approach does not capture all the risk events that may affect
the project, and significant risk events may be overlooked by using the conventional risk
assessment techniques only [5,9,13,18]. That is because the likelihood of events to occur
is one of the critical variables in the calculation when assessing the most significant risk
events for the project. A case study from 2007 [9] discussed this systemic risk assessment.
The authors argued that the most attention in the systemic risk assessment is devoted to
the technical risk in projects, not other risk categories such as political risk, customer risk,
partner and supplier risk, human risk, reputation risk, market, and financial risk.

In 2011, Geraldi, Maylor, and Williams published an article where they systematically
reviewed the complexities of projects and pointed out that this is a key variable that impacts
decisions in project management [19]. The type of complexity that is most frequently
mentioned is structural complexity. Still, uncertainty is a relevant type of complexity
and is one of the four concepts that constitute VUCA. The internal connection between
complexity and risk was mentioned in the literature as early as in 1920 and has thus long
been recognized [19]. In 2004, Linehan and Kavanagh defined projects as a confusing
phenomenon that contain a lot of complexity and ambiguity, and the idea of a single clear



Sustainability 2021, 13, 12769

40f13

goal is not realistic [20]. Still, even though complexity is such a challenging concept to
study in project management, it is only one of the four concepts that VUCA consists of.
Nancy Green provided a passable description of the characteristics of a risk event that
might surpass the conventional risk assessment procedure based on the work of Nassim
Taleb see Table 1 [21].

Table 1. The criteria for a Black Swan event adapted from [21].

Emergency response to the problem and fixing the problem are different aspects.

A solution to the problem is unknown and must be created under dismal circumstances.

Public relations issues can be massive, putting pressure on reputation, credibility, and perception
of the public.

Governmental and regulatory agencies may demand response.

Productivity and cash flow may be affected negatively, liquidity could become uncertain, and
asset prices disturbed.

Despite the problem, the day-to-day operation must continue.

Although VUCA is often named in connection with risk in the literature, a normative
risk identification process based on VUCA is not. However, a noteworthy study on VUCA
and risk assessment is Szpitter and Sadkowska who recommend using a VUCA matrix
“to identify and analyze project risks, thus filling the research gap relating to the lack of
application of this tool in analyses in the area of project risk management” [22]. Other
notable studies on risk are [23,24], connecting the VUCA era to supply sustainability
management of supply chains.

The four components of VUCA are defined based on Bennett and Lemoine’s [6]
discussions and definition in their article from 2014. Bennett and Lemoine define each part
carefully, as well as how to address them, and give clear examples to explain the semantics
of VUCA. The semantics of the Bennet and Lemoine study on the characteristics of VUCA
provided the authors with means to develop the sections of the VUCA risk identification
meter. Each section of the meter must be addressed individually since they require a unique
response. The VUCA meter used in this study is accessible in Appendix A to the article.

3. The Case Study

The case chosen for this research is a large public infrastructure project with a long
planning and deployment horizon. The project is highly strategical as it is a part of an
urban planning policy to increase the effectiveness of a transport system and contribute to
environmental sustainability. The project has complicated stakeholder and shareholder
structure that includes several municipalities and the government. The project requires
large financial investments with a public-private partnership arrangement required for
parts of the project. In the case of a huge cost overrun, the consequences would have a
significant impact on the national economy.

4. Methodology

In the selection of participants for this study, a convenience sample was used. A
convenience sample is a nonprobability or non-random sampling where the sample is
gathered using predefined criteria, which means that not everyone has an equal chance
to participate in the research [25]. When workshops are used as a research method, they
are designed to fulfil the purpose of the study and used as a tool to collect data about a
certain subject [25]. Workshops are today a well-established arrangement whereby a group
of people learn, acquire new knowledge, perform creative problem-solving, or innovate
in relation to a domain-specific issue [26]. Two workshops were lined up for the study.
The main goal of the workshops was to apply and compare two different approaches for
identification of risk factors in the selected project: firstly, a conventional risk identification
as presented by PMI, where the main risk factors are identified on the basis on given
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focus questions and then rated on a scale for the likelihood of them occurring and the
impact they would have; secondly, the VUCA risk identification method, where the main
risk factors are identified based on five focus questions for each part of the term VUCA,
20 questions in total. In this case, the questions were composed based on the VUCA meter
presented in the study by Fridgeirsson and Ingason et al. [5]. A group of ten experts
working directly in the project preparation attended and were divided equally into two
workshops. No one participated in both workshops and participants were instructed not
to communicate regarding the workshops. The workshops were accurately planned and
scheduled and were estimated to take around three hours each. Care was taken to make
sure that the participants could prepare individually, so that the workshops would run
as smoothly as possible. The questionnaire for the conventional risk identification was
based on the traditional method presented in the PMI Standard for Risk Management
in Portfolios, Programs, and Projects [8]. The questionnaire is divided into four focus
questions and is answered by listing up factors that could be risky for the project related to
each focus question. The focus questions are: (a) What risk events can impose operational
risk? (b) What risk events can impose financial risk? (c) What risk events can impose legal
and regulatory risk? and (d) What risk events can impose strategic risk?

In continuation, each risk factor is given value for the likelihood of occurring and for
the impact, if it occurs. The values given for the likelihood and the impact are in the range
of 1 to 5. The numbers indicate the following: (1) Very low, (2) Low, (3) Medium, (4) High,
and (5) Very high.

The questionnaire developed for the VUCA risk identification is divided into four
categories. Each category represents one of the four concepts VUCA consists of and each
consist of five focus questions. These questions are as follows:

Volatility: (a) What complexity factors could lead to the need for many interfaces with
other technologies, projects, or operations? (b) What volatility elements could lead to the
need for more resources than expected? (c) What, from the perspective of volatility, could
cause the project to take longer than planned? (d) What volatility factors could impact
solid contract situation throughout the project timeline? (e) What volatility factors could
cause the need for major changes in the objectives of the project?

Uncertainty: (a) What uncertainty factors could lead to the need for more information
about technology components of the project? (b) What uncertainty factors could lead to the
need for many stakeholders from different time zones? (c) What could cause the access to
information to be limited due to uncertainty? (d) What uncertainty factors could impact
well defined and approved scope? (e) What uncertainty factors could impact well-defined
risk management?

Complexity: (a) What could lead to a complex political environment with many
regulations to follow? (b) What complexity factors could lead to the need for many subcon-
tractors, organizational departments, and cultural differences? (c) What complexity factors
could lead to the need for many interfaces with other technologies, projects, or opera-
tions? (d) What are the factors of complexity making this a unique project not done before?
(e) What complexity factors could make the decision-making not be straightforward?

Ambiguity: (a) What could cause the deliverables to not be as defined in the beginning
due to ambiguity? (b) What ambiguity factors could cause the connections between tasks
to become unclear? (c) What could lead to unexpected and unforeseen risk factors in an am-
biguity environment? What could cause hidden agenda due to ambiguity? (e) What could
lead to the need for unexpected /unknown stakeholders due to ambiguity? Brainstorm-
ing techniques were applied in both workshops and the individuals in the workgroups
carefully facilitated. Pictures from the workshops can be found in Appendix B.

The data were analyzed in different ways, e.g., by using the multiplication rule of
statistics to calculate the risk coefficient, the risk events were categorized, the range of
the risk categories calculated, and even word clouds were prepared. However, these
results are not the subject of the present study. The main objective of the study is to
identify if the VUCA meter could identify “fat tail” risk events that would impact the
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project. The result section is therefore mainly reporting on the application of the before-
described characteristic of Black Swan events [21] to isolate such events from each of the
two work groups.

Some risk factors were named in both workshops and therefore consequently removed
from the list. The risk events identified in the respective workshops were then compared
against the Black Swan criterions as defined by (E) in a two round Delphi technique
survey using an adapted four-point Likert scale. The adaption involved removing the
neutral option from the scale pressing the expert to decide the strength of the risk factor
in context of the Black Swan attributes in Table 1. The expert panel consisted of students
in the MPM (Master of Project Management) program at Reykjavik University. The MPM
is a post graduate two-year course of studying project management. The MPM study
line has been accredited by APM Association of Project Management and is approved
by the Ministry of Education in Iceland. All students have training in project and risk
management and experience from various industries. All students recognized the project
under screening and were able to comprehend the complexities incurred. The expert panel
contained 13 persons of both genders and an online tool was applied to conduct the Delphi
two rounds.

5. Results
5.1. Workshops

The conventional method for risk identification delivered a total of 52 risk factors
whereas 119 risk factors were obtained using the VUCA method, see Figure 1.

Number of risk factors obtained using each risk
identification method

140
119

120

100

80

60

40

Number of risk factors

Conventional risk identification method VUCA risk identification method

Risk identification method

Figure 1. Number of risk factors obtained using each risk identification method.

A comparison of the risk factors obtained from each risk identification method shows
that both methods captured risk factors that did not appear in the other method. The risk
factors that only appeared when the traditional risk identification process was applied are
shown in Table 2. The risk factors that were only captured by using the VUCA method
are shown in Table 3. A large part of the risk factors identified were documented in
both workshops, either in exactly the same form or with a different wording but the
same meaning.
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Table 2. Risk factors only captured using the conventional risk identification method.

Delays in other infrastructure (neighboring projects)

Overheating in the construction market

Failing to implement measures and incentives that will fulfil the project objectives

Currency fluctuation

Loss of reputation due to rights of construction personnel not followed

The new infrastructure will not give enough priority for the vehicles

Legal decision related to infrastructure, but operation is not catered for

Complicated interaction between design, planning, and EIA

The project not being able to bring expected urban qualities

Difficulties in getting good placing for a depot

Illegal size of fleet

Failures in branding the project will not draw new users

The project operation affected by delay in the system

Uncertainties in volumes calculations

Issues when obtaining land

Problems with EIA laws

Table 3. Risk factors only captured using the VUCA risk identification method.

Constantly needing reaffirming the ground/decision for the project

No ultimate decision maker that can give final answer

Decision on investment cost vs. maintenance cost (different budget)

Some part of the projects is forgotten/not delivered

The budget in manifesto will not be accepted every year by the government

The sponsor pushing towards downscaling to achieve more for the same budget

Change in key decision-makers

Complexities due to the current setup /ownerships of the project

Project scope is not clearly defined

Relatively short construction period per phase

Too much workload burns on the system

Facts are not clear enough for decision making

Uncertainty about who will run/operate part of the infrastructure

Major disruption during construction—affecting the construction time

Unexpected natural disasters, such as eruption, global warming, and climate

Complexities due to neighboring large project 1

Complexities due to neighboring large project 2

Not clear what is included in the project—not clear project definition

Ambiguity in toll discussion and policymaking

Responsibilities are not clearly defined

The municipalities pushing towards a larger scope—shifting the scope to manifesto

Timelines for different part of the project are not clear
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Table 3. Cont.

Changes in direction at the operator

Different rhythm between organizations

Lack of commitment to the project PMO

Change of board members at the sponsor

Public vs. private cost

Mistakes in risk assessment

Pressure from construction development companies

Ambiguity in fleet type decision

Ambiguity in the ownership of the infrastructure

Human resource changes

An increase in inhabitants that is more than what was expected

Complex to integrate many modes of transport

The nature of the project and its linked to current situation and project in manifesto

Technical specification of solution unclear

Lack of interest

A financial crisis which results in higher costs of project components

Increased need to participate in dialog, public, media, and social

Expectation management

New transport/mobility solutions

Complex to phase the implementation of the route network

The size—large compared to Icelandic construction project

Things idealized /beautified

Unpredictable weather in Iceland

Unfavorable development of different fuel options

Market fluctuation

Population increase

Change in location of major workers/offices

New CO, agreements—more reduction in emissions required

Another observation is worth mentioning. As mentioned in the literature review,
Cirillo and Taleb [13] introduce the “tail risk” events as events that have much impact and
shape our world, but are not likely to occur, and according to the authors are not as likely
to be captured by using the conventional risk identification and assessment techniques.
The risk factors having the lowest value for the likelihood of occurrence are all ranked in
the range of 24 to 52 in the order of the risk coefficient obtained by the multiplication rule.
The majority, or 70% of these risk factors, are ranked at 41 or later, which indicates that
they are not considered very risky compared to the other risk factors. However, 60% of
these risk factors have the value of impact in the range of 3.2 to 4. By comparing these
low probability factors to the riskiest factors obtained by using the VUCA method, it can
be seen that 60% of these risk factors would have been among the ten riskiest events in
the VUCA risk assessment, by only taking the impact into consideration. The participants
in the workshops were asked to rate the impact for each risk factor on the scale of 1 to 5.
The participants in the workshop where conventional risk identification and assessment
technique was used were also asked to rate the likelihood of occurrence for each risk factor.
By getting this evaluation from the participants and viewing the average range in the
answers from the participants from each workshop, it is possible to see the inconsistency
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in their evaluation of the risk factors. The results showed that there was much more
inconsistency in the evaluating of risk factors obtained when the conventional method
was used than when the VUCA method was used. The average range was 2.32 for the
impact and 2.31 for the likelihood when the conventional method was used but 1.55 for the
evaluation of the impact when the VUCA method was used.

The inconsistency in the answers can be traced to the measuring instruments which
are in this case the people participating in the research. The people can look at the same
things in different ways and the understanding can be different. That can be traced to that
they may not have the exact same background and may be working for different segments
of the project and therefore, they have different point of view when evaluating.

Lastly, it should be noted that many of the risk events that are products of the work-
shops are generic and it is not easy to interpret them for the analysts and, in this case,
the authors. This obscurity occurred despite care taken in advance preparation of the
participants prior to the workshops. This indicates the need to improve the risk assessment
process, e.g., by educating the risk assessors of the importance of phrasing exactly the
context of the risk.

5.2. Delphi Surveys

For the first round of the Delphi survey, a cut-off point of >60% of the panelists either
agreed or strongly agreed that the particular event is a Black Swan. The following list are
the eight risk events from round no. 1 satisfying the >60% criteria. As can be detected from
Tables 2 and 3, two of those events appeared in the conventional risk workshop and six
appeared in the VUCA workshop.

Overheating in the construction industry creates problems

Legal decision related to infrastructure taken, but operation is not catered for
The sponsor pushing towards down-scaling to achieve more for the same budget
Major disruption during construction—affecting the construction time
Unexpected natural disasters, such as eruption, global warming, and climate
Changes in direction at the operator

A financial crisis which results in higher costs of project component

Unfavorable development of different fuel options

The second round included only the eight risk factors above. The cut-off point of >60%
consensus among the panelists permitted the following risk factors as Black Swans.

Overheating in the construction industry creates problems

Major disruption during construction—affecting the construction time
Unexpected natural disasters, such as eruption, global warming, and climate
Changes in direction at the operator

A financial crisis which results in higher costs of project component

One risk event is a product of the conventional workshop and four from the
VUCA workshop.

6. Discussion

The study is based on preparing two kinds of risk identifications and assessments for
the same project and executing this through two separate workshops with different sets of
participants. We asked the question if the VUCA meter could augment the traditional risk
identification practice by denoting risk events that may have been overlooked otherwise.
The results are interesting and indicate that the assumption is valid. The findings can give
an idea of the usefulness of the VUCA meter in terms of project risk identification.

By comparing the results from the VUCA risk identification method and the conven-
tional risk identification method, it is evident that the number of risk factors identified by
each method were different. The number of risk factors obtained by using the conventional
method was 51 compared to 119 risk factors when using the VUCA method. This is a
huge difference given that the time for both workshops was identical. The only difference
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between the workshops was the work process; the approach that was used to elicit answers
from the participants.

The conventional probabilistic and event-based approaches to risk assessment are
great and have proven their usefulness. They do, however, have their limitations, especially
when it comes to unpreceded events involving low-probability /high-impact risks, system
risks, and risks that are less technical and more psychological/social in nature. Noteworthy
is the study by Ackermann et al., who presented the “risk filter” that uses insights from
forensics to identify risk exposure on future projects and tackle them [9]. Another study
stating the difficulties of the conventional approach is by Qin et al. [27]. Titko et al. did
an interesting study on how the escalation and severity of natural disasters will affect
the public and need for new ways to approach the incurred risks [28]. Lastly, the authors
would like to mention the cognitive theories of Amos Tversky and Daniel Kahneman on
human limitations of decision making, see, e.g., [10,29]. The conventional method is an
open approach relying on the experience and the cognitive state of mind of the participants.
The VUCA meter is a normative approach that asks questions in a certain context. For
the conventional workshops, five questions related to the conventional topics of a risk
identification process were used to elicit risk factors, one at a time. In the VUCA workshops,
20 focus questions were used to elicit risk factors, five questions for each component part
of VUCA. In this case, five focus questions were answered at a time. The results indicate
that the VUCA method might be a better way to force people to think somewhat beyond
the traditional framework used for identifying risk factors in a project. The traditional
framework included operational, financial, legal and regulatory, and strategic risk, but
projects in modern times are faced with risk that is not necessarily encapsulated by this
framework. Furthermore, the VUCA method may help to bypass cognitive biases that are
well known sources for risk, see, e.g., the landmark studies of Daniel Kahneman and Amos
Tversky [10]. The risk factors that were captured using the VUCA method but not with
the conventional method were of different kinds. Still, most of them seem to be related to
the social and the environmental part of the project. This is the outcome of a framework
that directed the participants to think of risk factors that occur as a result of the time of
volatility, uncertainty, complexity, and ambiguity.

7. Conclusions

The authors have confidence in that the VUCA meter can be developed further and
provide risk managers with a valuable tool to capture risk factors that would be undetected
by a conventional method. It could also be interesting to take this research further. Future
studies should select more than one project from different sectors in order to assess if this
VUCA method works differently in different sectors. Subsequently, it would be interesting
to develop a method which is a combination of the two methods and try this new method
to identify and assess potential risk factors for projects. The outcome will be some kind
of improved version of the existing conventional method currently in place to identify
and assess project risk. Lastly, a study based on the present study with improved VUCA
semantics and an improved process to ensure a clear context of the risk events is likely
to provide even better results. It is also worth mentioning that the authors have now, in
light of the results and observations of this study, issued a new version of the VUCA meter.
The new version comes with more comprehensive semantics and vocabulary. Moreover,
an exact template on the work procedure has been devised. This is a process leading the
facilitator and the team of analyst in steps toward a solution.
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Appendix A. The VUCA Meter

Av Statement
Criteria Compliance Weights & Score
Score
Range
Volatility 1 2 3 4 5
Simple in planning (straightforward/sequential

execution)

Resource needs are known and accessible

Adequate timeframe with good slack in schedule

Solid contracts throughout project duration

Known, well defined objectives

Average score:

Project score range:
Uncertainty 1 2 3 4 5

Uses few and proven technology components

Stakeholders are few, with few time
zones/ cultural differences

Information is easy to obtain

Scope is well defined and approved

Risk management is well defined

Average score:

Project score range:
Complexity 1 2 3 4 5

Few and simple regulatory or political
environments

Few subcontractors, organizational departments,
and cultural differences

Few interfaces with other technologies, projects or
operations

Has been done many times before

Clear governance, straightforward
decision-making

Average score:

Project score range:
Ambiguity 1 2 3 4 5

Deliverables are well defined, no “unknowns
unknowns”

Connections between tasks are clear
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Statement
o . . Avg.
Criteria Compliance Weights Score
Score
Range

Risk factors are well known and documented

No “hidden agenda”

All stakeholders and their relationship are
recognized

Average score:

Project score range:

Appendix B. Pictures from the Workshops

Figure A1. The conventional risk identification workshop. Photo taken on site by the authors.

Figure A2. The VUCA risk identification workshops. Photo taken on site by the authors.
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