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Abstract:  A systematic framework to support uncertainty management and
decision making in service innovation design, development and offering
(business) phases is presented. At the core of the system is a dynamically
evolving risk taxonomy that is mapped to either qualitative or quantitative
decision process. The work was triggered by the results of large interview study
about innovation management practice in 12 major Finnish organizations and
an attendant research question “How could uncertainties related to service
innovation be better managed?” The approach towards finding answers to the
question was based on constructivist collective case methodology: at first, in
identifying weak points in uncertainty management and decision making at
different stages of service innovation life cycle, and, then, in suggesting the
systematic framework and risk taxonomy to support the uncertainty
management in decision making related to service innovation.
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1 Introduction

The importance of innovation management is almost universally recognized today. Also
recognized is the fact that most innovations fail. New business creation obviously
involves stepping towards an unknown future, involving a plethora of uncertainties. With
the increasing importance of the service sector, attention has focussed on the problems of
managing service provider organisations. Not only do a vast range of organisations  offer
predominantly a ‘service product’, but those that offer ‘tangible’ products also add to
these after-sales services, distribution services etc. At the same time, service providers
must constantly look for new approaches to service design and delivery. [1] Renewal of
the business, however, is the key to the long term enterprise success. Companies will not
be successful in the long run if they continue too long with a strategy that only fits the
needs of today.

Service design is quite similar to product design since it uses design methods to
develop new offerings. Nonetheless, unlike goods, services are dominated by intangible
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elements. Therefore, service design focuses on bringing many intangible elements
together into a cohesive client experience [2]. Services have both “front stage” and “back
stage” components. The front stage is about provider-client interactions and the back
stage is about operational efficiency and beating the competition. These components lead
to a question: “How can the ‘voice of client’ and the ‘voice of process’ be matched for
the best overall performance?” A service system is usually a complex system where
resources  interact  in  non-linear  ways.  That  is  why  the  behaviour  of  service  systems  is
difficult to predict [3]. An innovative service enterprise must have an ongoing process for
moving from a relatively large number of perceived opportunities to a relatively small
number of new service offerings. It must also have a process for reviewing and updating
its current repertoire. With the co-production of value that often involves prolonged
interactions over significant periods of time, services generate more time related risks and
require more responsiveness to the changing needs of clients than do products.

Methods currently used for the management of early innovation development are
largely based on those of manufacturing enterprises [4, 5, 6]. Service innovations,
however, are inherently much more multidisciplinary than manufacturing innovations
and, therefore, call for a graceful change of methods and procedures used for innovation
management at different stages of the innovation life cycle. Service innovation typically
needs four aspects of innovation to be successful: technological, business, social-
organizational and demand innovation [7]. In the case of manufacturing enterprise
innovations each the four are present but a breakthrough in one is typically sufficient.
Therefore, service innovation is hard for enterprises focussed primarily on high tech [7].

This  work  is  a  result  of  a  joint  study involving VTT Technical  Research  Centre  of
Finland and IBM Research. This paper reports one part of the joint study: decision
support at multiple critical decision points of early service innovation development. In
this joint work we have integrated separately developed techniques to produce a more
systematic, more comprehensive, but highly efficient innovation management process for
the new service development.

2 Research question and methodology
A large interview study was done by VTT in 2005 about innovation management
practices in companies and public organizations in which 43 managers were interviewed
from 12 major companies and public organizations in Finland (see [6] for more details).
The organisations were established, globally operating Finnish companies with
innovation processes and systematic practices in use and explicitly described. The
original study identified management of future uncertainty as one of the main challenges
to corporate executives. That resulted in the big research question of the joint work:

How should future uncertainty be managed during the entire innovation process?

The joint work describes a systematic framework to support strategic decision making in
innovation development that attempts to put appropriate amounts of planning resource
into the process at different stages. It is constructed to make use of qualitative evaluation
techniques, based on risk management methodology, early in the process when faster,
less expensive methods are preferred to more accurate quantitative techniques [8]. See
chapter 3 for more details and also other publications [9, 10 and 11].



This paper reports the part of the joint work focusing on service innovation development.
The research question of this part is

How could uncertainties related to service innovation be better managed?

The approach of the work towards finding answers to the research question was based on
constructivist case methodology which focuses on different viewpoints and lived
experience of organizational members [12, 13] and is committed to bringing up multiple
voices and viewpoints. The authors have wide experience in the development of new
technology and services. This experience was complemented by several discussions with
other colleagues having long history in the field of service business development,
viewpoints based on their experience as well as findings reported in literature. As a result,
we could identify several weak points, from the viewpoint of uncertainty management, in
the new service innovation life cycle. Many of them were related to decision making and
to the question of right timing. Finally, the research resulted in a framework in order to
overcome the weak points. The framework includes tools that have originally been
developed for some separate phase or phases of innovation development but which we
integrated into an uncertainty management system of service innovation by the means of
generic risk management methodology [8].

3 Definitions
According to ISO/IEC Guide 73 risk is defined as the “combination of the probability of
an event and its consequences” [14]. This concept of risk covers both positive and
negative consequences, both opportunities and threats.

Risk management is systematic process where organizations methodologically
“address the risks attaching to their activities with the goal of achieving sustained benefit
within each activity and across the portfolio of all activities” [15]. A risk factor is  a
factor that may potentially affect the organization. And a risk taxonomy is a hierarchical
organization of (possibly overlapping) risk factors by set inclusion. An important part of
our risk management methodology is the prioritizing of risk factors at an assessment
point. To enable that prioritization, we have defined a quantity called risk priority for
the estimation of risk level on a five point scale.

We also use the terms, idea, idea cluster and vision. Following [16] we define an idea
as a description of some aspects of a potential future state of reality. A vision is an idea
cluster where a consistent set of ideas are gathered together and treated as a one object of
analysis. For purposes of analysis and assessment, we will often equate a risk factor with
the set of enterprise related visions that would be classified as belonging to the factor.

Finally, we define term signpost as a potential future event that is both recognizable
and actionable [17].

4 Framework for uncertainty management in innovation development

Our work is based on a framework of strategic decision making in innovation
development which has been described in more detail elsewhere [9, 10 and 11]. The
framework model is presented in Figure 1. The framework starts with (preferably many)



ideas of new business opportunities and ends with one or more lines of business with
unpredictable lifetime.

Figure 1 Framework of strategic decision making in the development of new innovations and new
lines of business.
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The framework illustrates how a large number of ideas can be reduced into a small
number of ideas, quickly and with rather low cost. At the beginning there is an ideation
stage which includes phases of preparatory background information studies, idea
generation and idea clustering. In the ideation stage small single ideas are clustered into
an idea cluster. Idea clustering means that ideas containing similar words or words close
enough are collected together to be treated as a one object of analysis. These idea clusters
have  a  common  vision  of  the  future  and  contain  only  a  short  descriptive  name  with  a
couple of sentences, a succinct statement, to summarize the idea cluster into a vision. The
idea clustering is best performed by one generalist. A particular challenge in ideation is to
create ideas and visions for which realization will likely occur beyond the typical
business planning horizon of three to five years. See Strong et al. [16 and 17] and
references therein for more details about the ideation stage.

 After ideation there is the first filtering of idea clusters (visions) in order to reduce
the number of visions in subsequent stages. The first filtration is important in narrowing
the  funnel  more  rapidly  and keeping the  costs  low (when the  number  of  visions  can  be
clearly reduced in the first filtration step the lower are the costs at the later stages of the
process). Filtration is followed by recommendations for further actions, which may
simply be ‘stop’, ‘hold’ or ‘continue’. A ‘stop’ recommendation could mean either
discarding or recycling the idea. A ‘Hold’ recommendation could mean creating one or
more signposts and active monitoring these signposts for future conditions under which
the idea would be returned to the active innovation process. A ‘continue’ may include
alternatives of product development, commercialization, collaborating, outsourcing,
patenting, licensing, selling, publishing. All these are strategic decisions.

Filtration, recommendations, monitoring and elaboration of vision form a five-phased



iterative process which will be repeated at each stage of innovation process. The filtration
and recommendations phases are current business practices at the gates of any stage-gate
process. Active monitoring of ideas or projects on hold, however, is a novel enhancement
to observed innovation practices reported in ref. [6]

The framework model follows the generic methodology of risk management,
including the steps of identification of risks, analysis of risks, evaluation and selection of
risk reducing measures, and implementation and follow up [8]. Risk management is a
tool used for hazard identification and assessment. In general, risk management aims to
protect the property, income and different activities of a company while minimizing
costs. Risk analysis provides a basis for evaluating the tolerability of risks and for
deciding necessary risk reducing/controlling measures.

5 Risk taxonomy and vision filtration in service innovation
This chapter describes an uncertainty management process designed for the design and
development of service visions (cohesive collections of ideas and plans for a service
offering) to markets and running business until the termination of a service line of
business. Our method is built around the concept of a risk taxonomy, a combination of a
prioritized taxonomy of service innovation risk factors with a corresponding decision
tree. The risk taxonomy is a hierarchical organization of (possibly overlapping) risk
factors. Relevant risk factors will depend on the stage of the service life cycle. Potential
risk factors at the early, design stage of new innovation (service design) may different to
those of development project (service development) and definitely different to those of
running line of business (service offering). An example of top level risk taxonomy for
service innovation and life cycle management is given in Figure 2. The top level service
design, service development and service offering trees contain groups of risk factors,
such as market environment, idea/value proposition etc. Several potential risk factors
could be identified under each group. An example of risk taxonomy for the service design
context is given in Figure 3. It comprises several risk factors.

Risk taxonomies are typically used when conducting vulnerability analyses [18] and
can be used as a checklist at decision points in the innovation life cycle [19 and 20].
Enterprises applying the model should carefully consider which factors in the sample risk
taxonomy are critical to them, or whether any important factors are missing since a risk
taxonomy may be comprehensive for one enterprise but not for another. In our opinion
good risk taxonomies are reusable resources and adapting a ready generic risk taxonomy
is likely much faster and less expensive than developing a new risk taxonomy for each
enterprise. Furthermore, the taxonomy can be evolved along with its use, following its
own constructivist methodology.



Figure 2 An example of top level of risk taxonomy of service innovation
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Figure 3  An example of risk taxonomy for service design
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Risk factors are turned into questions used for obtaining qualitative expert estimates,
Figure  4.  A question  is  here  defined as  a  request  for  an  estimate  that  can  be  answered
with any rational number on a five point scale (from 1 to 5). At this level of taxonomy,
differences between service enterprise and manufacturing enterprise innovations are
obvious. The results of the expert estimates are used for risk prioritizing and input for
strategic decision making. Throughout the process, our focus is on performing the
minimum amount of work required to support service innovation life cycle decisions.

Figure 4.  Map from risk factors to questions used in expert analysis of potential risks.
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In the context of creating new service concepts, controllable risk factors cover (for
example) issues like the actual concept and the business plan. What is the value of this
new service concept for the client? What kind of technical features does it exhibit? What
kind of marketing methods will be used? Some enterprise ecosystem issues are also
controllable risk factors. What kind of collaboration network does the enterprise have?
What kind of resources in terms of supplies, technology and people does the enterprise
have? And how are the intellectual property (IP) issues handled in the enterprise?
Uncontrollable risk factors are (for example) market environment and external ecosystem
issues. What is the competitive situation? What is the general economic situation? What
kind of vendors are there? What kind of IP do the competitors have?

From the services point of view, understanding clients and their requirements are
essential issues. Clients play a larger role with a typically longer duration in services.
Their needs are neither objective nor are they stable. They use the service and experience
the benefit. It is often hard to predict how they will interpret that experience. The client
experience may also lead to a word-of-mouth epidemic of unforgettable importance [21].
In the beginning of the innovation process we should ask: “Do we fully understand the
client need?”. Nearly all service offerings involve close interaction with clients. Client
interaction has a positive effect on new service performance and may be a success factor
for a new service [22 and 23]. All the factors related to service innovation may be
difficult to see because services are intangible and complex. For example collaboration
networks associated with services are more complex than those associated with products,
since service offerings usually involve several partners (including the client!) who
provide the service jointly. Moreover, intellectual property and contract issues may be



difficult to formulate because of the intangibility of the service.
We give two examples of expert questionnaires used in the analysis of risks at the

beginning of the innovation process: the first is used for the initial evaluation of clustered
ideas (visions), and the second is at the second filtering of ideas of new business
opportunities after the visions have passed the first screening and have been elaborated to
the next step.

The first filtering (Step 0) is done using Table 1, in which the impacts and
uncertainties are briefly ranked by experts. The first filtering (Step 0) gives a good first
overview of visions. The filter can evaluate aspects such as:

• How much profit  or  savings  could  we make from the  vision?   That  is,  what  is  the
impact – net positive benefit - to the company?  If measured in $, one should think
log scale because at this stage of innovation process uncertainties related to profit or
savings estimations are high. (1 = potential profit or savings from this idea would be
very low, 5 = potential profit or savings from the idea could be very high.)

• How  much  uncertainty  is  there?   That  is,  how  much  time,  knowledge  and
development do we need before the idea has been grown into a business?  According
to what we know now, will the service offering take place in the near future,
intermediate future or deep future? (1 = low uncertainty or near future, 3 = medium
uncertainty or intermediate future, and 5 = high uncertainty or deep future.)

The ideas (visions) at this early stage of innovation process are very rough and contain
only a little information, for example:

A) Name: New way to fund research
a. Description: host market for trading options on potential license value

of results of proposed research
b. Constituent ideas:

i. prediction markets associated with patents
ii. markets in (options on) licenses associated with patent applications
iii. research proposal goes public: analogy with IPO
iv. role of underwriter in funding and remarketing research proposals

Experts are asked to submit both a response to the question and a self-evaluation of their
own expertise with respect to the question. Responses are weighted by self reported
expertise and averaged to provide the expert qualitative evaluation. The results (weighted
averages and recommendations) are provided as a support for decision making (Figure 1)
together with additional viewpoints from the strategy. We do not suggest these weighted
average responses be compared without thought against some fixed thresholds.

The result of Step 0 is a two-dimensional plot of these ideas from which one can
decide which ideas to carry on to the next phase, Figure 5. The graphical representation
of the results of Step 0 facilitates selection of ideas to continue in the process.
Presumably, one would not keep an idea that was below and to the right of an idea that
was discarded. The choice of which specific ideas to keep depends on the orientation of
the enterprise toward the future.



Table 1 Example of filter used for the first screening of ideas or visions.
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Figure 5  Visualization example of the results of Step 0 (expert evaluation of visions) from which
one can decide which ideas to carry on to the next phase.
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Note that we can consider concurrently visions that will very likely be realized at very
different times, separated by years or even decades. Our methods provide the flexibility
to allow concurrent development projects with arbitrarily different expected durations.

After the decisions related to Step 0, the visions which passed the gate will be
elaborated in activities related to new innovation development (5, 6 and 24). After



elaboration, the visions will go to the second filtering (Step 1). The second filtering is
done like Step 0, but now the expert questionnaire goes into more details, Table 2. The
filter can evaluate aspects such as:

• What are the impacts of the vision? (1 = lowest impact - the potential profit or
savings from the idea are very low and also the potential change is very low, 5 =
highest impact - the potential profit or savings from the idea are very high)

• Is the vision (value proposition) novel and exciting? (1 = idea is novel, clear,
exciting; benefits are easy to understand, 5 = idea is old, vague, boring; no obvious
benefits)

• Will the business plan be straightforward and easy to create? (1 = plan will be
straightforward and easy to create, 5 = plan will be almost impossible to create)

• Do we have everything we need in terms of
o technology and skilled resources?
o regulatory climate, patents, licenses, trade or service marks?
o market demand, lack of competition, business culture?

• Or is the time not right for this idea yet?  (1= we have everything we need in terms
of technical / regulatory / market feasibility, 5 = the time isn't right for this idea)

Table 2     Example of filter (expert questionnaire) used for the second screening of elaborated
ideas or visions.
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A: New way to fund research
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D: New recruiting service
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Uncertainty / Impact
Related to Factor Group

(1=low uncertainty/expertise/impact and 5=high
uncertainty/expertise/impact)

Uncertainty

A risk taxonomy for the design stage is used in order to support the uncertainty
evaluation of ideas/visions by experts. Each decision in Step 1 (and in the following
steps) has the additional ‘hold’ alternative, which means a decision to create a signpost



and wait for the right time.
Note that we have dropped the battery service and the self-service optimization after

the first filter. This doesn’t mean that we have forever decided against offering such
services. When the vision is stopped, its constituent ideas are returned to the pool of
initial ideas for possible incorporation in other visions. What kind of visions are filtered
depend also on the ability of the client to tolerate risk and how far-reaching is the client.

After each filter remaining idea clusters, visions, are elaborated into more detailed
description about the vision and finally into the business plan. As the idea goes forward
in the innovation process, the content of the questionnaires at filtering could become the
same as the evaluation scorecards at the gates [24, 25 and 26]. Depending on the
innovation development process of company, the same filter could be used at multiple
gates.

Filtration and consequent recommendations give valuable input for the decision
making at different stages of service innovation. Although the recommendations are
accompanied by the results of expert evaluation (figures), we do not suggest to use some
fixed thresholds when making the decisions about the next steps with the vision (stop,
hold, continue). Instead, one could use the expert evaluation of impacts and uncertainties
in linking the process to standard portfolio management practices [25]. What will then
follow in the decision making depends on the strategy and risk taking profile of the
company.

6 Conclusions
To be flexible in responding to changing markets, economies, etc., a service provider
must maintain a large pipeline of early stage ideas and visions corresponding to potential
service offerings. By example, we have elaborated on the application of our innovation
management framework to early (design phase) innovation management for potential
service offerings. We have illustrated how our innovation process is designed for
continual innovation and for innovation development projects with vastly disparate life
cycles. We have provided somewhat realistic potential service offerings and followed
them through the first two filtrations steps. These early steps are designed to reduce
dramatically the number of visions into which significant resources will be invested
without requiring proportionally high resource costs for execution of the filters. We
illustrated the role of risk taxonomy and how to convert risk factors into questions that
experts can answer quickly and thus relatively inexpensively. Decisions at later stages of
the innovation life cycle incorporate both the qualitative methods described here and
more expensive quantitative methods, but these later filter steps are performed on much
smaller numbers of potential service offerings because of the early filtration.
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