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ABSTRACT

Risk management (RM) in new product development (NPD) is often implemented as a standardized
framework and ends up being carried out as a tick the box, non-value adding activity. To avoid this
problem, RM needs to be tailored to the organization and NPD project. This paper identifies a gap in
both understanding and facilitating tailoring, i.e. design of RM systems in NPD. To understand how to
design RM systems, we must better understand how RM adds value to NPD activities. We applied
Product Development Value Stream Mapping (PDVSM) to RM and conceptualized a Risk Value Stream
Mapping (RVSM) framework to support design. Through a state-of-the-art literature review, we
identified typical categories of value and waste in RM as well as approaches to model the RM in NPD.
We developed and tested components of the RVSM framework based on PDVSM in three case
companies. In this paper, results are presented regarding waste, value and potential ways to model the
value stream in RM. The framework enables a diagnosis of the current state of RM in companies and
supports future design activities pertaining to RM systems. This paper is positioned at the intersection
of design, lean thinking and RM
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1 INTRODUCTION

Risk management (RM) is an integral part of new product development (PD). Risks are at the heart of
innovation and managers should learn to explicate and embrace the risks that matter (Wang and Yang,
2012). Companies accept a trade-off between risks and benefits, because risk taking is inherent to
progress and PD. However, while companies require a strategy that involves both taking and avoiding
risks in order to survive, they are often unable to protect themselves against risks effectively and
efficiently (Choi et al., 2010). In PD risk can cause products and/or projects to fail. Risk can cause
delays, increase costs, and have consequences for a project and the company as a whole (Salavati et al.,
2016). Without proper RM, PD projects can easily run out of control, consume resources and experience
cost overruns which might lead to failure (Mu et al., 2009). About 80% of PD projects fail before project
completion and 50% of completed projects make no return on the investment (Cooper, 2003). Over time,
RM has become part of PD (Unger and Eppinger, 2011) and can add value to the PD process (Mu et al.,
2009). However, the value of RM in PD depends on how it is executed. In this paper risk is defined as
“the effect of uncertainty on objectives” (ISO 31000, 2018, p.1) and RM as “coordinated activities to
direct and control and organization with regard to risk” (1ISO 31000, 2018, p.1). There is no final
consensus yet on terms and definitions in RM (Aven, 2012) and the current definitions are problematic
to some extent. We chose to adopt the 1SO definitions of risk and RM because they are among the most
generic and least problematic (Aven, 2012). In many cases, RM can end up disconnected from the value
creation of the engineering tasks and executed as a tick-the-box activity to satisfy compliance demands
(Hubbard, 2009; Kutsch et al., 2014; Kutsch and Hall, 2009; Oehmen et al., 2012). Skec et al. (2014)
argue that there is no ‘one size fits all’ and that RM must be tailored to the PD environment. According
to Oehmen et al. (2014) tailoring RM is a key practice to enable RM to add value to PD. A benefit of
tailoring the RM process is that this can enable it to support innovation better (Vasconcellos et al., 2011).
The 1SO 31000 standard recognizes the need for tailoring. However, according to Olechowski et al.
(2016) it is unclear how to tailor RM and I1SO 31000 does not go into detail regarding how to do so (ISO
31000, 2018). Furthermore, Leitch (2010) identified problems with its implementation requirements.
Tegeltija (2018) provides more detail regarding which parameters are important in tailoring: Central
aspects of tailoring include stakeholder needs and perceptions, strategic objectives and integration with
other processes in the organization (Willumsen et al., 2019). Multiple authors have studied the application
of RM practices in different environments and have found that they are often not implemented at a
satisfactory level or are perceived to not create value (Kutsch and Hall, 2009; Raz et al., 2002; Ren and
Yeo, 2004) and that there is a gap regarding how to tailor RM to PD projects (Skec et al., 2014;
Tegeltija et al., 2018). Many interests come together in the RM process and there might be strategic
risks that are very important at the upper management level, but which are not considered important at the
project level and vice versa. Different stakeholders have different needs in relation to the purpose of the
RM process and stakeholders might therefore see different risks as important. This affects how and
which RM activities are considered to be value creating (Krane et al., 2012; Willumsen et al., 2019).
Therefore we argue that an important criterion to judge an implementation of RM, is if and how well it is
tailored to create value for stakeholders in a particular context. While previous studies have focused on
various parameters to tailor too, we focus on both what to tailor to and how to tailor it. To address these
aspects of RM tailoring, we applied and contextualized the concept of value stream mapping to RM in
PD. This is a suitable approach because it addresses stakeholder needs and process improvement and
provides an approach to conceptualizing the design of processes (Willumsen et al., 2017). The purpose
of this study was to better understand how value stream mapping can be used to tailor RM. Product
development value stream mapping (PDVSM) is an approach that explicates stakeholder needs and their
utilization in process improvement, i.e. tailoring the PD process to stakeholder needs is a core part of the
purpose of PDVSM. In this paper, we investigated central elements of PDVSM: value, waste and how to
model the value stream (McManus, 2005), and conceptualized and contextualized what their equivalent
would be in RM. PDVSM has a proven track record in PD, and is one of the most widely applied
methods of Lean PD.

While risk reduction is mentioned as an aspect of value in the original PDVSM, there is no specific
guidance on how to optimize the process in terms of risk management. There is no guidance on how to
undertake value stream mapping of the RM process in PD, in order to maximize its value and minimize
its waste. This is the main contribution of this paper. The remainder of this paper is structured as follows:
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We first present a brief overview of value, waste and the value stream as defined in PDVSM (Section 2),
followed by a conceptualization of a Risk Value Stream Mapping (RVSM) framework based on
literature (Section 3), mirroring the categories of value, waste and the value stream. We introduce the
case research method (Section 4) and present the results of applying RVSM at three case companies
involved in PD (Section 5), with the goal of further refining the framework. The results are discussed
(Section 6) and finally conclusions are provided (Section 7).

2 LITERATURE BACKGROUND: CORE CONCEPTS OF PDVSM

Three core concepts form the basis of PDVSM (McManus, 2005): 1. articulating the value for stakeholders
(‘value’), 2. identifying wasteful activities in the PD process (‘waste”) and 3. developing a model of the PD
process, visualizing activities, the waste they might include, and their contribution to creating value (‘value
stream’). This section comprises a brief description of these core concepts. In the next section their
equivalent concepts for RVSM will be conceptualized. McManus (2005) argues that a task can create
value in multiple ways in PD and that there are multiple aspects of value. Aspects of value touch on
creating value for different outcomes, including project outputs, organizational processes and personal
outcomes. In PDVSM, the key stakeholders expectations to the process and its outputs need to be identified
because they partly determine the value. When a process step contributes to: ‘enabling other tasks,
‘definition of processes to deliver project” or ‘facilitating communication’, it creates value for
organizational outcomes and processes. When a process step contributes to the definition of the end product
with the desired functional performance it contributes to creating value for the product’s performance.
Thus, process steps can create value in multiple ways in PDVSM, and there are multiple stakeholders that
may have differing understandings of what value is. The value considered to be important will vary
according to contexts and so, the objective of the process improvement will vary as well. The key
objectives of optimizing processes through lean are to make them effective, i.e. value adding for
stakeholders, and efficient, i.e. maximize value generation with minimal resource utilization.

Rossi et al. (2017) defines waste as any process step that uses resources without adding any value for
the customer, i.e. non-value adding process steps. In lean PD, Oehmen et al. (2010) defines the
different types of waste as: overproduction of information, over processing of information,
miscommunication of information, stockpiling of information, generating defective information,
correcting information, waiting of people and unnecessary movement of people. ‘Waiting” waste, was
further investigated by Kato (2005), who uncovered the phenomenon of ‘Information Rot’: When
information is created in PD but not used in a timely manner, part of it will become obsolete as time
passes. This ‘rotten” information will require rework (if discovered), or cause quality issues (if not
discovered). The waste of using ‘defective information’ has been shown in multiple studies to be one
of the major drivers of unplanned work in PD. It can affect downstream decisions and processes
causing errors that spiral out of control and cause rework (Graebsch et al., 2007).

According to McManus (2005) the value stream in PDVSM is defined as process steps and flows of
information. The literature conceptualizes the value stream in PD in differing ways and highlights
different types of information flows, each leading to different resolutions and foci in the mapping:
Slack (1999) defined four types of value streams in PD; product, project, process and business
information. In response, Graebsch et al. (2007) reduced it to: process and product information flow.
In summary, the value stream consist of process steps and differing types of information flow.

3 LITERATURE BASED CONCEPTULIZATION OF PDVSM FOR RM

In order to develop a prototype of RVSM it is necessary to reconceptualize the three abovementioned
elements of PDVSM in the context of PD RM: value, waste and value stream.

3.1 Valuein PD RM

The first principle of the 1ISO 31000 standard is that RM should create and protect value (ISO 31000,
2018). However it is not clear which value the standard is referring to. In RM in PD, the value is often
considered to be its contribution to project success. Mu et al. (2009) provide empirical evidence that RM
impacts project output and the performance of PD. However, Oehmen et al. (2014) provide evidence that
the link to project or product success is not direct, rather the link is indirect because RM creates value by
enabling other processes, which then influence product and project success. Researchers who try to
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establish causal links between RM and project or product success produce conflicting results (de Bakker
et al., 2010; De Carvalho and Rabechini Junior, 2015; Oehmen et al., 2014) and face limitations due to
complexity, sample size, effects of uncertainty and other compounding factors. According to Krane et al.
(2012), there are variations in how stakeholders perceive the importance of risk and which objectives are
important in a project, because project manager’s (PM) and project owners for instance focus on
different objectives, typically at the strategic and project levels. Therefore, the value stakeholders
perceives RM should create will vary. There are many aspects of value creation in RM that define what
the value of RM is in a specific context. It can create value for different types of outcomes such as
product performance, project output, strategic benefits and other organizational processes and outcomes
(Willumsen et al., 2019). For instance, if a stakeholder’s objective is to be on cost then RM activities that
help to manage risks that may affect this objective will be considered valuable by that stakeholder, while
others might consider other objectives valuable (Willumsen et al., 2019). RM is typically considered to
create value through a series of process steps. There are multiple ways in which the process steps are
defined. For detailed information see Kutsch et al. (2009). In this study we chose to follow the process
steps defined by the ISO standard: Establish the context, risk identification, risk assessment, risk
evaluation, risk treatment, communication, monitoring and control (ISO 31000, 2018). Recent studies
produce conflicting results on what the value creating practices of RM are. According to Oehmen et al.
(2014) 70% of best practices have no confirmable effect, (i.e. value). Oehmen (2014) argue that a
primary way RM create value is by supporting decision making. In summary, RM adds value by
improving the quality of processes and decision making in risk related matters at different levels of an
organization, for instance by adding information about risk to a decision-making situation and thus
improving the decision makers’ ability to evaluate alternatives. The value that RM adds is contextual and
determined by the project or strategic objectives that a stakeholder perceives to be important. Thus, an
RM activity is considered to create value if it improves other processes and/or helps to protect project or
strategic objectives. There are many facets to RM value creation that are discussed in detail by
Willumsen et al. (2019).

3.2 Wastein PD RM

There are multiple examples of waste within the RM literature, that are defined as non-value adding RM.
Implementing too much RM can lead to overproduction of RM information and doing too little RM can
create an unsound basis for decision making. Beauregaard et al. (2015) reports a case study that
resembles a clear example of overproduction: In their case study, implementation of RM according to
the I1SO 31000 standard, produced so much information that the engineers were unable to make sense of
it, thus impacting and impairing decision-making. In a case reported by (Peterson, 2005), a risk register
was developed but not included in the analysis, leading to failure. This can be identified as the
overproduction of information; however, the output of the analysis can be classified as defective
information, thus demonstrating a connection between waste phenomena in RM. Skelton et al. (2003)
identified rework in RM. The lack of frontloading can lead to rework of the information regarding the
understanding of risks in PD. Information rot also occur in RM. Risk analysis is often carried out at the
beginning of a project and not utilized until later. There are examples of delays in the RM process due to
the link with other decision making processes. The RM information can sometimes be considered to be
waiting and information rot occur in RM as information becomes obsolete (Renault et al., 2016; Yaraghi
and Langhe, 2011). Hubbard (2009) pinpoints the dangers of using defective information in RM as one
of the main causes of RM failure. Defective information can be caused by using an inappropriate
method, applying a method in an incomplete way, a lack of data or failure to communicate the quality of
the data. Performing RM based on defective information can be worse than implementing no RM at all
(Hubbard, 2009). RM can become a separate task that is disconnected from the value creation of the
development tasks (Kutsch et al., 2014; Kutsch and Hall, 2009; Oehmen et al., 2012), thus producing
defective information and no value for the engineering tasks. We conceptualize waste in RM as non-
value adding activities that cause one or more of the following: defective information, overproduction of
information, information that ‘waits’, unnecessary rework; and information rot.

3.3 Value stream in PD RM

Following the definition of value stream in PDVSM, we consider process steps and information flows
in RM. Willumsen et al. (2017) conceptualized the value stream in PD RM as consisting of all risk
related activities, as well as key decision points in a project. Following the I1SO definition of risk and
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RM means that many activities in PD could be classified as risk related, and could be mapped as part
of the value stream. For instance, there are activities in PD that help to identify and reduce the effect
of uncertainty on project objectives (i.e. risk identification and assessment), such as prototyping
(Ouden, 2012) or technology readiness levels, which for example, serve to assess the effect of
uncertainty on objectives with regard to the use of a particular technology (llevbare et al., 2014).
When mapping the current value stream in PD, we thus consider formal risk related activities, as well
as activities that serve a similar purpose (informal RM). To improve RM in terms of effectiveness and
efficiency, it is crucial to identify both formal and informal RM (Murtonen, 2009). A central aspect of
the value stream in RM is the information flow regarding risk and uncertainty. This can be divided
into information flow about various sources of uncertainty, such as technical, market and
organizational (Mu et al., 2009). The information flow can be manifested through dialogue and/or
items such as risk reports, risk logs, risk matrices and many other documents and models. In the
section on the value of RM (sec. 3.1) it was argued that RM added value indirectly through other
processes. Therefore, processes that need risk information, such as decision points, should be mapped.
As PD tasks can contribute to the reduction of uncertainty (McManus, 2005), it could be important to
map the PD process and identify which process steps are related to the management of risk. The
process steps in PD that serve to manage risk (informal RM) can be identified through the 1ISO process
step categories described in section 3.1. In summary we conceptualize the RM value stream as: 1.
Formal RM process steps (i.e. as proposed by the 1SO 31000), 2. PD activities that serve to manage
risk (informal RM), 3. Risk related information flows and, 4. Key decision points in the PD process.
The conceptual RVSM framework contains the following tasks (example depicted in figure 1):

1) Map key decision points, 2) Map formal RM process steps, 3) Map PD process steps that serve to
manage risk (informal RM), 4) Map risk related information flows, 5) Categorize according to 1SO
31000 process steps, 6) Evaluate the value added by each process step for stakeholders and other
processes, and 7) Identify waste.

i Process step |:|
Risk related

Waste ——

Risk related Risk related

Information flow Information flow
RM process step [—— | RM process step
Informal RM Risk related Information flow
process step Information flow é
Waste in RM

Figure 1 - Risk value stream mapping (RVSM) conceptual framework

4 METHOD

Three exploratory case studies were carried out in companies involved in PD, in order to refine our
preliminary literature-based RVSM framework. The companies are involved complex engineering
products utilizing both hard- and software. Each case included R&D and management and other parts
of the organization. Sampling within the organization was conducted by means of the snowballing
method (Bryman and Bell, 2015). A case study approach was selected because the phenomena of
tailoring RM in PD is not well understood in practice. Case studies allow for rich understanding of the
context (Yin, 2003) which is a central part of optimizing and tailoring and thus an appropriate way to
evaluate the framework. We used the case studies to explore the RVSM concepts conceptualized from
our literature study and to evaluate the RVSM in an industry context. We chose to sample medium to
large companies that faced critical risks and challenges with RM. The companies had a high need for
RM and ambitions to improve their management of risk, due to the volatility of their industry context.
The companies had experienced issues that had been traced to RM and were thus suitable cases for
studying waste, value and the value stream. The number of interviewees were: thirteen in case 1,
twelve in case 2 and five interviews in case 3 (still ongoing).

Industry Data collection Interviewees Company size
Case1 | Processing Interviews, PD process Project managers, = Large
equipment product = documents, observations = program managers,
development team members
ICED19 2233
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Case 2  Industrial product Interviews, PD process Project managers, | Large

development documents, observations | program managers,
team members,
PMO, VP
Case 3  Medico product Interviews, PD process Project managers, = Medium
development documents, observations = program managers,

team members,
upper management

We initially used a process of grounded coding and abductive reasoning (Gioia et al., 2013) iterating
with literature on RM, PD and value stream mapping. We utilized the conceptualizations of value,
waste value stream as described in the literature section as a frame of reference in the coding. The
conceptualization of RVSM as described in section 3 was deployed in each case. The framework
originated from PDVSM and from Willumsen et al. (2017). We utilized multiple types of data in the
form of interviews that typically lasted 60 minutes, project and RM documents as well as PD process
documentation and observations, workshops and follow-up interviews. Parts of the PD process were
mapped out in each case based on comparing input from multiple employees, documents and
observations. Multiple approaches to mapping the processes were tested, as well as multiple
conceptualizations of what the RM process was considered to be. The first iterations consisted of
mapping out formal RM procedures. Later iterations involved mapping out parts of the PD process,
decision points and classifying the various process elements according to their relation to RM, and
identifying the RM properties of existing PD properties, i.e. informal RM. Thereafter, waste was
identified in the process.

5 RESULTS

In the following we present the empirical findings of the three case studies in relation to the three
central aspects of RVSM, namely value, waste and value stream.

5.1 Waste in RM

As an overall finding, the case studies showed that addressing ‘waste in PD RM’ made intuitive sense
to the participants. It created an intuitive understanding for analyzing the root causes of process
deficiencies. Results are shown in Table 1.

Table 1 Empirical results - waste in RM

Waste in RM Illustrative quote Examples
Defective information “The things that kills or stalls a projectis  Missing stakeholder viewpoints,
never in the risk-matrix” (PM, case 2) poor RM process, lack of

“You have to deliver a risk matrix, but considering multiple sources of
how you got there doesn’t matter” (PM,  uncertainty, poor input data, lack

case 2) of sharing information

Over production “if it is just a checklist sitting Missing standardization, serial
somewhere, then people don’t use it, and processing and creation of similar
it becomes a wasted effort” (program documents, reports are not used
manager, case 3) after creation

Stockpiling information “we’re uncertain what are the monetary Documented risk lay around

effect of the risk as this early stage, I think  unutilized
it would make more sense to do after”
( project team member, case 1)

Unnecessary movement of ~ “It can be time consuming walking Lack of documentation, risks only
people around to get information [about risk]” retrievable by going around

(PM, case 1) asking employees
Rework “Time spend in risk identification is Low quality initial work, “tick-

always little in the beginning of a project  the-box’ risk management
because everybody wants to start and then

do the first part as quickly as possible.”

(PM, case 1)
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Information rot was observed to occur in RM documents such as risk matrices and risk logs in all
cases. The documents were supposed to be updated and re-evaluated, but was not, thus becoming
partially obsolete over time. Defective information was identified as one of the main categories of
waste. Defective information was often caused by either poor process or poor input data. The
empirical results on waste contributed to the framework by identifying waste categories that were not
identified in the literature studies on RM (Unnecessary movement of people, stockpiling), as well as
confirming defective information as a central category.

5.2 Value in RM

We expected to uncover a range of value perceptions regarding RM in PD, and the case studies
confirmed that expectation. More interestingly, while practically all the participants were used to
conversations around the ‘value that our PD process generates’, most of them had trouble articulating
the value they expected from RM. In case study 1, there was a need to compare projects at the
portfolio level: “As a manager you have to prioritize between projects, and so on.” This was related to
evaluating the risk level of the projects. In this example, RM could add value by enabling a portfolio
manager to compare the level of risk for different projects and better address resource allocation. In
case 1, an important value proposition was to support the process of concept selection. In all the case
studies the interviewees identified a key need to support decision making with RM results, because
they had made poor decisions in the past. The need to support other organizational processes beyond
decisions such as exploration of the solution space was also apparent: “We could also explore
regulatory strategies, you could explore the business side of things, [,,,] here, RM probably should be
very present. Because what you choose depends on how risky it is” (PM, case 3).

RM was perceived to impact organizational outcomes regarding communication: “A risk analysis is
actually more a way to communicate and get fine-tuned rather than placing a number in a matrix”. The
interviewees stated that RM could create more value if they received “help to e.g. facilitate the
identification of risks just as project managers can get help from other specialists” (PM, case 2).
Documenting was perceived to enable value creation as the lack there of had caused problems in the
past: “We ended up with another team having to take over the project because the team doing first
implementation was not willing to document” (PMO, case 2). The interviewees had difficulty being
concise regarding what value RM should create for the company, yet pinpointed many errors due to
problems with RM. Variations in the perceptions of the importance of RM were identified: “No, this
risk is not prioritized in relation to what is important to us. There are lot of things that we have to
manage before risks”. There were examples of conflicting perspectives regarding what output RM
should create value for, for instance between performance of the product and the schedule: “what we
could do better is to listen when an expert says something. Not to push the expert to do something
faster just to get it out faster” (PM, case 3). The results contributed to the framework by confirming
the need for a multifaceted, stakeholder focused, contextual understanding of the value of RM.

5.3 Value stream in RM

In all cases there were examples of using on only part of an RM process or there were disconnects in the
value stream. This was discovered by mapping according to the 1ISO process steps. This resulted in multiple
types of waste, such as defective information, over production, miscommunication leading to a poor basis
for decision-making. Some PD projects did not have much formal RM process. By mapping the PD
process it was possible to identify that in those projects there were activities that served to manage risk, but
they were not denoted as RM. For instance, a process called technical review in case 1 served as risk
identification and risk assessment. This kind of knowledge can assist in tailoring the RM by understanding
the actual current state and to avoid doubling RM activities. The companies in the case studies did not have
a clear understanding of what RM was being performed and our approach to mapping the value stream in
RM made it more explicit than it had been before. In case 2, the formal RM activities of risk identification
using a risk matrix was perceived to be wasteful, yet solving anticipated technical problems were perceived
as valuable, both could be considered activities to manage risk. Mapping both formal and informal RM
provided a more complete overview and thus contributed to the framework by confirming the value of the
approach. In case 3 the value stream was modelled as a flow of information regarding different sources of
uncertainty. This facilitated the identification of waste in the RM, which was localized to information flow
and RM activities of a certain kind. There was much more activity in the risk value stream related to
technical risk, and much waste related to other flows. Particularly regarding regulation and market risk,
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there was almost no flow of information, thus contributing knowledge to the framework of how defective
information is generated in the value stream.

Particularly, decisions regarding concept selection were identified as a source of multiple wastes and
potential to create value (Figure 2a & 2b). Mapping the value stream revealed that concepts were
evaluated ad hoc, estimates were miscommunicated and assumptions were not explicated, thus
producing defective information regarding risk.

« Identified uncertainties ~ » Build & Test Prototypes > ist of M

- /

List of ideas and concepts
Verpy, Oduc[, -onjec( 1 -P'OIEC‘ 2

On
Waste — Defective info ) Defective
Defective . :
information: The Overpr

information: request form used 2
» List of concepts Incomplete information ww‘;‘m:me cuumsmon In'on:a
. shared between the e
¥ . Weighted selection —» Evaluate & Decide concepts — two projects related to PO fo ot nc informy
: ' joes not allow for relley
criteria ,e':jf"“‘;'r‘{ls sharing of important o
information

o . Scoping Analysis Design Code
*Waste - Missing activity
| Prototyping| - Evaluateand | Iterative feature prod|

Figure 2a & 2b - Excerpts from two examples of modelling the risk value stream

6 DISCUSSION

Modelling the RM process is essentially a design problem. Many approaches to process optimization
could be applied to this problem. However, applying PDVSM to RM covers the central aspects of
tailoring the RM. The I1SO definition of RM lead to considering the value stream of both formal RM
activities and informal ones, which provides a more complete picture of the actual RM as opposed to
modelling only formal RM activities. As in PDVSM the value stream benefitted from more detail.
When information flows regarding different sources of uncertainty were mapped it revealed that the
companies were usually doing better in some areas than others, for instance excelling in managing
technical risks, but failing at managing market risks. This caused problems as considering multiple
sources of uncertainty is important for effective RM (Mu et al., 2009). Thus it is important to consider
how to model the RM process, to tailor it for value creation. We identified defective information as the
most central waste category in RM as was also identified by the literature. However, other waste
categories such as the unnecessary movement of people were identified. It seems that there is a
literature gap regarding an overview of how RM can be non-value adding. Neither the waste nor value
of RM is systematically accounted for in the literature, yet they are needed for tailoring RM. This
paper addresses this gap by providing insights into the value, waste and ways to model the RM process
in PD. The identification of waste facilitated the conversation about value. The companies had not
explicated why they did RM, yet found many purposes of RM, particularly related to supporting other
processes, aligning projects with strategic goals and supporting decision-making. The process of
explicating the value for stakeholders and waste in RM, in combination with value stream modelling,
could be a viable approach to tailoring and optimizing the RM process. It is a paradox that PD teams
that work in design spend so much effort to design products, but the processes to help them to manage
the risks, are not tailored or designed for them. There are two levels regarding how to determine
whether one implementation of RM is more optimal than another, qualitative and quantitative. On the
gualitative level it is about whether it creates value for the specific contextual objective as perceived
by the stakeholders. Another key aspect on the qualitative level is the reduction of waste. We can then
rate different implementations qualitatively according to their ability to create value for stakeholders
and reduce waste. On the quantitative level it is a matter of how to quantify aspects of value such as
‘quality decision making’ and the effect of RM on objectives such as project success. Measuring
quantitatively remains an issue of future research in the next iteration because there are challenges
with ‘proving’ the value of RM (Willumsen et al. 2019). The mapping of formal and informal RM
proved beneficial, but this aspect is not covered by standards such as the I1SO, and thus presents an
opportunity for further research on the actuality of RM. This paper constitutes a first step to
conceptualize value stream mapping in an RM context, contributing to knowledge about value and
waste in RM, as well as how to model an RM process to improve tailoring.
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7 CONCLUSIONS

We conceptualized and tested three aspects of risk value stream mapping (RVSM). We transferred the
core concepts of PDVSM to RM to create a conceptual framework (figure 1) for tailoring RM in PD.
Specifically we conceptualized waste, value and value stream in RM by consulting the literature and
conducting case studies. The empirical results show that RVSM can be an appropriate approach to
tailoring RM by identifying waste and potentials for value creation through RM, thus potentially
enabling RM to become value adding and efficient. In the case studies, waste and the potential for value
creation through RM were identified by mapping the value stream and this created a basis for tailoring
RM to the company context. We contributed to the knowledge of value, waste and the value stream in
RM. These aspects should be considered in the design of RM. The PDVSM core concepts could be
translated to RM, with modifications regarding the value, waste and value stream. The value creation of
RM is often related to other processes, and it is vital to model the PD processes to uncover potential for
RM value creation and RM waste. The RVSM provide the foundations of an analytical framework to
diagnose and tailor RM in PD. The outlook of the research is to enhance the framework by applying it in
different environments and developing support for conceptualizing the future state of RM.
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