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ABSTRACT

It is important for modern day software organizations to remain competitive in the market. Being innovative is im-
portant for the survival of the organizations. The nature of innovation processes in place in different organizations varies. It is
important for organizations to measure and continuously improve the innovation processes. In this paper, we present a goal-
driven measurement framework for Software Innovation (SI) processes. We also present a roadmap for the implementation of

the framework.

Keywords: Software innovation, process, measurement.

INTRODUCTION

An organization’s product often finds itself com-
peting with “hundreds” of other similar products in the
market, and software organizations are no exceptions.
Staying competitive in the market is a mantra of survival
of modern day software organizations. The above state-
ment is testified by our observation of the frequent release
of newer (enhanced) value-added versions of the same
product, or of the release of entirely new suites of prod-

ucts potentially targeted to serve the market needs. Most
well-established software organizations have an explicit or
implicit process structure in place to innovate their prod-
ucts. Whereas in some organizations the process that leads
to the development of innovative products is well-defined,
in others there is no clearly established process, and inno-
vation activities are performed in an ad hoc manner.

The nature of the innovation processes, and the
degrees of their adoption vary between organizations.
Irrespective of the process in use in an organization, it is
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important to realize the importance of measuring the proc-
esses in place so as to enable the improvement of existing
processes [Carneiro, 2000]. It is, therefore, important to
define metrics that would help in measuring innovation
processes. Often the goals of measurement are not distinct
enough to conduct the measurement activities in an useful
manner. In this paper, we propose a goal-driven measure-
ment framework for innovation processes that tries to link
the metrics to be used in the innovation processes with the
business goals. The business goals are used to define the
process improvement goals and the measurement goals,
which are finally used to establish the metrics that can be
usable for measuring the innovation processes. The ques-
tions serve as tools for the verification of success of an
innovation effort.

The goal-driven measurement framework is
based on the ideas and experiences reported by Basili [1],
Park et al.[14], and Rombach [17]. It uses the Goal Ques-
tion Metric (GQM) approach [2, 19] developed by Victor
Basili and his associates at the University of Maryland.
GQM has received wide industrial acceptance in the past
in different industrial and pilot projects, the results of
some of which are documented in [5], [8], [9], [15], [16].

In the following sections we present the frame-
work we propose for use in SI, propose the different met-
rics that can be used in a typical innovation process meas-
urement program, and then present a road-map one can
use to implement our framework.

SOFTWARE INNOVATION

The term “innovation” refers to the act of creat-
ing something new, normally something breakthrough in
nature that did not have significant prior existence in the
same form.

In the context of general product development,
[7] defined innovation as a new process of production.
[18] defined innovation as a process by which an inven-
tion is first transformed into a new commercial product,
process or service. [20] defined innovation as a high-risk
concept that is new to the sponsoring organization.

Kumar et al. [10] have described “innovation
process” as a system of organized activities that transform

a technology from idea to conceptualization. There exist
different models of innovation, viz., Stephen Kline’s
Chain Linked Model, Ralph Gomory’s Circle Model, Alic
Brascomb’s Model, and John Ziman’s Neural Net Model,
Departmental Stage Model, Activity Stage-Gate Models,
Decision Stage Model, and Conversion-Process Model.
Without delving further into the discussion of the different
process paradigms, we show in the following sections how
we can have process maturity models of innovation. For
interested readers, a detailed discussion of different mod-
els of innovation can be found in any good book on inno-
vation (e.g., [4]). Irrespective of the process model used,
most innovation processes typically initiate with the iden-
tification of opportunities, and end with final product de-
velopment and commercialization of the breakthrough
product.

Intuitively, most of the above generic innovation
process models also apply to software products. Literature
on software innovation is scarce. A few pieces of litera-
ture that document previous work performed on empirical
studies with software innovation are [6], [11], [12], and
[13].

FRAMEWORK

To design the intended goal-driven measurement
framework for SI, we need to determine the ways in which
we can control the innovation processes by setting up
quantifiable innovation process goals that need to be
achieved, and then determining the measures that need to
be collected to achieve the goals. The details of the SI
process framework are shown in Figure 1. Broadly speak-
ing, the framework consists of three main levels — a con-
ceptual level that defines the goals of innovation, taking
into account different considerations such as business in-
tents, and quality requirements; an operational level that
characterizes the assessment or achievement of goals
through the interrogation of specific sets of questions
whose answers would lead to the assessment of the goals;
and the quantitative level that defines a set of metrics that
can lead to the collection of measurable data that can an-
swer the questions asked in the operational level.
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Figure 1: The SI goal-driven measurement framework

In this SI goal-driven measurement framework,
the process improvement goals are derived from business
goals, which in turn dictate the process measurement
goals. The process measurement goals serve to define the
process measurement questions, which help to define the
process metrics. These process metrics are used to collect
SI process data that might help in answering the meas-
urement questions, measurement goals, and process im-
provement goals.

The goals identified in the above steps are then
analyzed further to generate sub-goals, which may be con-
sidered as manageable goals that “make sense” and are
usable in the next step in the process measurement frame-
work. This is shown in Figure 2. As the Figure shows,
each higher-level goal in each of the phases is broken
down into a lower-level sub-goal.

Business Goals: The foremost activity that needs
to be conducted for goal-driven measurement of software
innovation is the identification of business goals that
guide the innovation activities. The identification of busi-
ness goals phase might require different iterations of re-
finement in order for them to be made useful for the next
phase involving the identification of process improvement
and measurement goals. Of all possible, business goals,

mainly those that have a potential effect on the SI process,
are of primary interest in this framework.

Process Improvement Goals: The process im-
provement goals are derived from the business (sub)
goals. The process improvement goals are identified keep-
ing in mind the business intents and rationales behind the
innovation activities. The goals are obtained after several
iterations of refinement to ensure that all aspects of proc-
ess improvement are captured.

Process Measurement Goals: The process
measurement goals are derived from the process im-
provement (sub-)goals, and the issues and concerns gov-
erning the innovation process improvement. These meas-
urement goals will provide the basis for the identification
of the measurement questions and the metrics. Therefore it
is very important that the measurement goals are clear
enough to sufficiently granular levels to be able to formu-
late the measurement questions. To formulate the meas-
urement goals, one has to first identify the process im-
provement sub-goals, identify the actions that need to be
undertaken to arrive at those goals, analyze the actions
corresponding to these goals that would lead to the identi-
fication of measurable quantities.
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GQM: Once the innovation process measure-
ment goals are identified, the GQM methodology is ap-
plied to each of the measurement goals that are identified
to derive the metrics that would lead to the quantification
of the measurable goals. Therefore, according to the GQM
methodology, corresponding to each measurement goal,
one or more questions are formulated, whose answers are

capable of measuring the goals. For each of these ques-
tions, suitable metrics whose values help in answering the
questions are designed. The questions that are designed in
the GQM methodology should be simple enough so that
one can collect data using the metrics identified in the
third phase.

Business Goal

I

Busmess Sub-Goal A

Business Sub-Goal B

Business Sub-Goal N

Process Improvement

Process Improvement
Goal A Goal B

Process Improvement
Goal N

Process Measurement

Process Measurement
Goal A Goal A

Process Measurement
------ Goal N

Figure 2: Decomposing goals into sub-goals

GOALS-QUESTIONS-METRICS
FOR SI

Table 1 shows the typical characteristics/features
of an innovation process. The characteristics serve as
goals of innovation, are derived from best practices of
innovation listed in different literatures. We do not claim
that the characteristics that we list in Table 1 exclusively
cover all aspects of any innovation project. We have listed
only nine characteristics that we believe are important for
any innovation effort. However, while using this frame-
work in an actual project setting, we recommend revising
this list of characteristics based on the nature and impor-
tance of the business/organizational goals, and innovation
efforts being conducted.

Table 2 (a —f) shows the metrics that can be used
in a typical innovation project. These metrics are derived
using the GQM methodology. Thus, in this goal-driven

innovation process measurement framework, the innova-
tion process measurement goals are refined by questions
that may lead to the assessment of innovation successes.
These goals are then followed by the definition of suitable
metrics that make it possible to answer the corresponding
question. The goals-questions-metrics combination for an
innovation project is termed as the goal-driven measure-
ment plan for innovation. Table 2 shows the goals-
questions-metrics for a typical SI project.

The goals that are listed in Table 1 are collected
based on the key innovation process characteristics and
best practices identified in existing innovation literatures.
Similarly, the questions and metrics listed in Table 1 are
primarily for exemplifying the approach. With the help of
Table 1, the exact set of goals, questions, and metrics us-
able for a particular SI project should be defined taking
the requirements and scope of the project into considera-
tion.
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Table 1: Innovation characteristics/features that should typically be taken into consideration in a project.

Characteristics/Features

1 | Innovation program: identification of lifecycle, processes, planning and imple-
mentation

Innovation frameworks: development of baseline and target product artifacts

Business alignment: alignment with business objectives and priorities

Involvement of senior management

Participation of operating units

Innovation-related communication, awareness and training

Innovation governance

Cross-functional teams for innovation

O [0 |Q ||| |W]|N

Project management structures

Table 2a: Goals-questions-metrics for a typical SI project.

SI Goal(s)

SI Question(s)

SI Metric(s)

Innovation program:
identification of lifecy-
cle, processes, planning
and implementation

Does the innovation program
have a lifecycle that should be
adhered to in the program?
How effective is it?

Number of lifecycles process, product, etc.).

Number of cases where the chosen lifecycle
was proven to be effective in reducing prod-
uct delivery time.

Number of cases where the chosen lifecycle
was proven to be effective in reducing prod-
uct delivery costs.

Percentage planning time spent on choosing
the appropriate lifecycles.

To what extent does the inno-
vation process comply with
corporate, industry standards
guidelines?

Degree of referral of the process model to
standards = (Number of standards referred to
while designing the innovation process) /
(The number of standards available in the
area).

Extent of reference to standards = (Number
of references made in the innovation process
manual / (Total number of references found
in the innovation process manual).

How much is the innovation
program value driven?

Percentage of unique value considerations of
the proposed innovation program.

Percentage of cases where the innovation
program was found to have value.

How much agile/adaptive is
the innovation program?

Percentage of cases where the innovation
program was found to be agile/adaptive.
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Table 2b: Goals-questions-metrics for a typical SI project.

SI Goal(s)

SI Question(s)

SI Metric(s)

Innovation frameworks:
development of baseline
and target product arti-
facts

Does the innovation frame-
work identify the baseline and
target product artifacts?

Total number of baseline product artifacts.

Total number of target product artifacts.

Ratio of baseline to target products artifacts.

Does the innovation frame-
work identify the baseline and
target process artifact?

Total number of baseline process artifacts.

Total number of target process artifacts.

Ratio of baseline to target process artifacts.

Does there exist product and
process artifact lifecycle?

Number of product artifact lifecycles.

Number of process artifact lifecycles.

Is there any documentation
related to innovation main-
tained?

Density of product documents = Number of
printed pages of innovation related docu-
ments available per product developed per
step of the product lifecycle.

Density of process documents = Number of
printed pages of innovation related docu-
ments available per product developed per
step of the process lifecycle.

Business alignment:
alignment with business
objectives and priorities

To what extent is the innova-
tion process top-down and
business driven?

Number of business goals analyzed in the
first step (“market findings / requirements”)
of the innovation process.

Extent to which each step of the innovation
process is top-down = Number of unique
actions undertaken in that step per unique
goal of the previous step.

How effective is the innova-
tion process to identify poten-
tial threats and risks?

Average number of threats/risks detected per
step of the innovation process.

How much are the innovation
investments guided by busi-
ness goals?

Average investment per business goal.

Number of cases in which business goals
were taken into consideration for innovation
investment planning.
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Table 2¢: Goals-questions-metrics for a typical SI project

SI Goal(s)

SI Question(s)

SI Metric(s)

Involvement of senior man-
agement

Are the senior managers well
aware of the pros and cons of
innovation?

Number of cases where the senior managers were
not aware of the pros and cons of innovation.

Number of cases where the senior managers were
aware of the pros and cons of innovation.

Percentage senior managers involved (or are sup-
posed to be involved) who were found to be
knowledgeable of the pros and cons of innovation.

Are the senior managers suppor-
tive of the innovation efforts?

Number of cases where the senior managers were
not supportive of the innovation efforts.

Number of cases where the senior managers were
supportive of the innovation efforts.

Percentage senior managers involved (or are sup-
posed to be involved) who were found to be sup-
portive of the innovation efforts.

Are the senior managers partici-
pative in the innovation efforts?

Number of cases where the senior managers par-
ticipated in the innovation efforts.

Participation of operating
units

Are the operating units aware of
the pros and cons of innovation?

Number of cases where the operating units’ per-
sonnel were not aware of the pros and cons of
innovation.

Number of cases where the operating units’ per-
sonnel were aware of the pros and cons of innova-
tion.

Percentage operating units’ personnel involved (or
are supposed to be involved) who were found to
be knowledgeable of the pros and cons of innova-
tion.

Are the operating units supportive
of the innovation efforts?

Number of cases where the operating units’ per-
sonnel were not supportive of the innovation ef-
forts.

Number of cases where the operating units’ per-
sonnel were supportive of the innovation efforts.

Percentage operating units’ personnel involved (or
are supposed to be involved) who were found to
be supportive of the innovation efforts.

Are the operating units participa-
tive in the innovation efforts?

Number of cases where the operating units’ per-
sonnel participated in the innovation efforts.

Number of cases where the operating units’ per-
sonnel participated in the innovation efforts.

Percentage operating units’ personnel involved (or
are supposed to be involved) who participated in
the innovation efforts.
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Table 2d: Goals-questions-metrics for a typical SI project.

SI Goal(s)

SI Question(s)

SI Metric(s)

Innovation-related com-

munication,
and training

awareness

Is there a communication pro-
gram? If so, how effective is
it?

Number of staffs (of all kinds that have a
stake in the innovation program) involved in
the communication program.

Number of personnel who are dedicated for
participating in the communication program.

Percentage cases where the communication
personnel directly helped in the innovation
program.

Ratio of communication program investments
to innovation investments.

Is there an awareness pro-
gram? If so, how effective is
it?

Number of staffs (of all kinds that have a
stake in the innovation program) involved in
the communication program.

Number of personnel who are dedicated for
participating in the communication program.

Percentage cases where the communication
personnel directly helped in the innovation
program.

Ratio of investments related to innovation
awareness to innovation investments.

Is there a training program? If
so, how effective is it?

Number of staffs (of all kinds that have a
stake in the innovation program) involved in
the training program.

Number of personnel who are dedicated for
participating in the training program.

Percentage cases where the training helped in
the innovation program.

Ratio of training investments to innovation
investments.
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Table 2e: Goals-questions-metrics for a typical SI project.

SI Goal(s)

SI Question(s)

SI Metric(s)

Innovation governance

Is there a distinct governance
body for innovation? How
effective is the body?

Percentage of personnel that are dedicated for
the governance of innovation.

Percentage of other personnel who assist the
personnel directly involved in the govern-
ance.

Percentage cases where the dedicated gov-
ernance body helped in the innovation efforts.

Ratio of investments made for the establish-
ment and the operation of the governance
body to the total innovation investments.

How is the relationship of the
governance body members
with the other operating
groups associated with innova-
tion?

Number of cases where the governance body
members and the other operating groups’
personnel worked together to resolve an is-
sue.

Number of cases where the advice of govern-
ance personnel directly benefited the operat-
ing groups.

Number of cases where the advice of govern-
ance personnel directly benefited the operat-
ing groups.

Percentage of total time spent by the govern-
ance body and the operating members, on
discussing innovation activities to the total
duration of the innovation program.

How effective is the govern-
ance body to ensure that all
standards are adhered to in the
innovation efforts.

Total number of cases where the governance
body found adherence to standards.

Total number of cases where the governance
body found non-adherence to standards.

Percentage of total time spent by the govern-
ance body and the operating members, on
discussing innovation activities to the total
duration of the innovation program.
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Table 2f: Goals-questions-metrics for a typical SI project.

SI Goal(s)

SI Question(s)

SI Metric(s)

Cross-functional  teams
for innovation

Are different functional per-
spectives taken into considera-
tion for innovation?

Percentage of total time spent on taking dif-
ferent cross-functional perspectives into con-
sideration.

Percentage cases where cross-functional per-
spectives proved to be useful.

Are there effective team build-
ing programs? How effective
are they to ensure that the
cross-functional teams work
effectively?

Number of team-building activities.

Percentage of total time spent on team-
building activities.

Number of cases where the team building
activities were found to be effective.

Are the teams capable of solv-
ing cross-functional problems?
How effective are they?

Number of cases where the teams success-
fully solved the cross-functional problems
amongst themselves.

Number of cases where the teams success-
fully solved the cross-functional problems
with the help of senior management.

Percentage of total time spent by teams on
solving cross-functional issues that is found
to be useful.

Project
structures

management

Are the project management
approaches and the corre-
sponding structures identified?
How effective are they?

Percentage of total time spent on identifying
the project management approach and struc-
ture.

Number of cases where the choices of the
chosen project management approach and
structure were found to aid in resolving is-
sues.

Is the project management
structure aligned with the in-
novation efforts?

Number of cases where the chosen project
management structure was determined to be
useful in resolving innovation issues.

Percentage of project planning time spent on
analyzing whether the project management
structure is aligned with the innovation effort.
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ROADMAP FOR
IMPLEMENTATION

The implementation of the proposed goal-driven
measurement framework for SI process consists of the
following four main steps as shown in Figure 3: Define
Measures, Analyze Process Gaps, Define/Refine Action
Plans, Define/Refine Process Improvement Goals.

The implementation of the framework is based
on the notion of continuous improvement of the innova-
tion processes. The first step in measuring the SI process
is defining the measures that are used to assess and control
the SI process. As discussed before, the measures are
translated from the top-level business goals that act as the
primary drivers in innovation. The rationale behind con-
necting the innovation goals with the business goals is that
it is quite likely that innovation activities that are not
linked to the business strategies would quite likely not

Define/
Eefine Process
Improvement Goals

Circumvent Process Gaps

/Deﬁne
u{easure 5

Define/
Refine Action Plans

receive the full organizational support, and would quite
likely fail.

The next step in the implementation of the
framework is collecting the measurement data using the
defined measures, and then analyzing the gaps that exist
between the current innovation processes and the targeted
processes. This is typically done by designing question-
naires, performing surveys, and conducting interviews.
The strengths, weaknesses, problems, and root causes of
the current processes are analyzed and documented in this
step. These aspects are analyzed along with the process
improvement goals, and a new action plan is defined (or
an existing plan is refined). This action plan is then used
to circumvent the innovation process gaps that are deter-
mined, and the process improvement goals are analyzed
and refined. Based on the results that are obtained, the
GQM methodology is used to modify the existing goals,
questions, and metrics.

Collect Measurement Data

Analyze
Process Gaps

Eefer to Goals

Figure 3: Roadmap for implementation of the framework

CONCLUSIONS

In this paper we provided a goal-driven frame-
work for measuring the SI process. The key contributions
in this paper are the identification of the different steps
constituting the framework, the identification of innova-

tion goals in a typical SI process, and most importantly,
identifying the metrics that aid in measuring the different
aspects of the SI process.
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