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ABSTRACT

Technology Roadmapping (TRM) is the strategic approach to link between
business strategy and the development of technologies. The key benefit of TRM is to
help management enabling their decision making to support technology plan and
investment. The monitoring system of a roadmap status is necessary in order to review
a roadmap according to the effects of changes from external factors. Moreover,
considering to options of a roadmap can help the use of a roadmap corresponding with
actual business environments. Although, the evaluation model of TRM status signal and
scenario building for a roadmap have been studied but they are still at the conceptual
level. To enhance the practicality and the ease of use, more works are needed to turn it
into an operationalizable form.

To help management respond to changes impacting their current roadmap
in a timely manner, this research has integrate scenario analysis into the evaluation of a
roadmap status and turn this conceptual model into an computerized system in a form

of web-based application.
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CHAPTER I
INTRODUCTION

Currently, globalization has made business environment change rapidly and
tend to be more complex. Every dimension of change such as social, technological,
economic, environmental and political has an impact to business unavoidably.
Therefore, adaptability becomes a big issue of business to improve its competitiveness.

In organization level, firms in various industries and various sizes try to
develop capabilities that lead to competitive advantage. But those firms are affected by
the above change, especially in technology and market. It is difficult to achieve
sustainability under the uncontrollable factors. On the other hand, it is extremely
challenging to find a strategic approach to managing uncertainty in accordance with the
current status of the firm to achieve the sustainable competitiveness. To respond to
changes in technological and market environment, a firm has to develop their
technology plan as an integral part of their overall strategic plan (Porter, 1991). And the
most critical challenges of today’s organization are the development of a strategic plan
linking business strategy, product development, technology and R&D activities (Scott,
2001). For the reasons mentioned above, the firm has necessary to know activity of key
success drivers how they relate to opportunities, threats, customer needs, products and
technology. Technology Roadmapping (TRM) is the answer of these linkage.

TRM has been widely used to visualize an organization’s strategies by
linking all critical components (i.e. external factors, internal factors and targets for
development) together. The process of developing a technology roadmap can support a
management team in formulating strategies and making decision. TRM also helps to
consider how to select the right technologies for investment, and how to allocate scarce
resources to support technology development (Nauda and Hall, 1991). A roadmap is the
finished product of a roadmapping process. The finished roadmap addresses the
fundamental management questions (i.e. what, why, how). The targets for development

layer or focal point indicating what target the organization are aiming for. The external
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factors or requirements layer such as business drivers indicating why the organization is
interested in this target. The internal factors or organizational capabilities layer
indicating how the organization is going to achieve this target.

A roadmap is a snapshot of all critical components at the time of developing
it. However, due to the rapid changes in business environments, the roadmap sometime
doesn’t reflect the changing situations after its development. Occasionally, the roadmap
becomes obsolete. Therefore the management problem focusing in this research is on
how to keep a roadmap alive. To prevent a roadmap from being obsolete, many
organizations have scheduled a periodical review to identify the status of roadmap.
However, what if the changes happen before the scheduled review period. If that is the
case, then what should an organization do? Would it be a better case if an organization
can constantly know the status of its roadmaps whether it is still valid? If so, an
organization does not have to continue doing something not relevant anymore.

In the other side, if any business drivers change, a roadmap may not respond
corresponding with actual business environments. Is there any other possible option for
a roadmap? Would it be a better case if an organization can obviously know the options
of a roadmap as a frame for consideration. This research tries to analyze the changes in
key drivers or external factors of the roadmap. The analysis leads to the identification
of the influencing drivers (key uncertainties), which is used in scenario analysis as input
information to develop alternative roadmaps. The original roadmap is called a base case.
The alternative roadmaps which obtained from scenario analysis can be separated into
two main cases. The best-case scenario, a case which the key uncertainties lead to
positive situations. On the other hand, the worst-case scenario is a case which the key
uncertainties are negative or go against the objective of the roadmap.

To address the challenge of making the evaluation model for TRM status
signal actually works as well as building options for the roadmap, this research has
design a computerized system of the evaluation model to indicate the status of a roadmap
in a form of web-based application to help management responding any change in the
business environment in a timely manner and has analyze business driver change to
identify influencing drivers from external factors to build scenarios of a base-case

roadmap.
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1.1 Research Rationale

The uncertainty is well known as a most critical obstacle of business
operation. Many external factor analysis frameworks has been widely used especially
technological factor which is an obvious key driver of business change. Linking these
external factors together with internal factors of business for analysing to improve
strategic plan is the main purpose of using TRM.

Technology Roadmapping (TRM) have been studied by several scholars
(Bray & Garcia, 1997; Vatananan & Gerdsri, 2010; Fenwick, Daim & Gerdsri, 2009).
But in attempting to address the issue of keeping a roadmap process alive, reviewing a
roadmap is a key challenge for an organization (Strauss & Radnor, 2004; Kostoff &
Schaller, 2001). The analytical approach for evaluating TRM status, which take into
account the changes from external factors, is proposed (Vatananan & Gerdsri, 2011).
However, their study was still at the conceptual and analytical level. Therefore, there is
aroom for bringing the proposed TRM status evaluation model into an operationalizable
level or computerized it. So that in the future, the management team can constantly
monitor changes and make any adjustment in a timely manner as needed. Moreover, if
any business drivers change, a roadmap should be able to respond to current business
environments immediately. Is there any other possible option for a roadmap built before
business change?

The aim of this research to find out the conceptual framework integrating
scenario analysis into the evaluation of a roadmap status from these two above focal
points will lead to increasing efficiency for a roadmap. This is a truly high value added

in using TRM as a strategic tool in uncertainty or risk management.

1.2 Research Objectives
To design the computerized system of the evaluation model for the status of
a roadmap in a form of web-based application and analyse a roadmap according to

different scenarios.
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1.3 Research Questions
To complete the goal of turning the evaluation model into a web application
prototype based on the evaluation model of status signal for a roadmap and scenario
concept, this research questions are separated into two questions as follows;
1.3.1 What should be considered as the conceptual framework integrating
scenario analysis into the evaluation of a roadmap status ?
1.3.2 How the proposed framework can be operationalized ?

1.4 Research Contribution
1.4.1 To integrate scenario analysis into the evaluation of a roadmap
status.
1.4.2 To turn the integration of scenario analysis and the evaluation of a

roadmap status into a web application.

1.5 Scope of Study

This study aims to designing a system based on System Development Life
Cycle (SDLC) concept as shown in Figure 1.1. Integration of logical part (Evaluation
model) and physical part (Web user interface) are the main parts in this research.

F

Pre“n_]ma_ry ____________ Evaluation Model

/ Investigation \ of TRM Status

//

Maintenance System Analysis [
Development
Life Cycle
; (SDLC) : : System Design
Implem%@mn Loglc;Deﬂgn To Integration
Data Collection Physical
and Test Design | “~<

T Weh application
________________________ prototype

Figure 1.1 Scope of study related to System Development Life Cycle (SDLC)
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This research will cover the knowledge area of

Technology Roadmapping (TRM)

Scenario-based Approach

Analytical Approach

System Analysis and Design

Research Objectives and Goals

The Evaluation Model TuthSato TREM
Alternative Scenarios |
(Multiple input Datasets] for the Status Web-based
t of a Roadmap Application

L. Technology
Roadmap

Scenario-based Analytical TRM Structure and System Analysis

Approach Approach Development and Design

Scope of Study

Figure 1.2 Scope of study related to research objectives and goals
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CHAPTER II
LITERATURE REVIEW

2.1 Technology Management and Strategy

Definition of Technology Management and Strategy

Technology become a big issue of current business operation. Aligning
business and technology together is a strategic activity of success organizations by
creating significant business returns (Weiss and Anderson, 2004 ). Challenges of
managing in technology has increased steadily. Future trends, changing environment,
aligning business and technology strategy, understanding internal and external factors,
environmental uncertainty, R&D and innovation, risk in high technology, measuring
and controlling (Thamhain, 2005) are examples of necessary handling for business
success in the long run.

Technology Management is described as tools or technigues, to solve
complex business operation issues and finding new opportunities under technological
consideration and appropriate business conditions. There are many dimensions of tools
or techniques and their characteristics of catalogues (Farrukh, Phaa and Probert, 1999).
Management tools or techniques could be a document, framework, process or system
which enable to define the clear objective such as making decision, forecast, analysis or
else (Brady et al., 1997). Technology Strategy is described as key driver to drive
technological innovation in different organizations. On the other hand, technology
strategy played as the planning role that guides the accumulation and deployment of
technological resources and capabilities (Gupta, 2009).

Technology Management in Objectives of Forecasting
Because the major portion of development in any business sector depends
on technological change. So an organization should consider to technology forecasting

for worthwhile investment and utilization in the future.
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From the Future Oriented Technology Analysis (FTA) (Firat, Wei and
Madnick, 2008). There are overlapping forms of forecasting technology development
and their impacts including Technology Monitoring, Competitive Intelligence,
Technology Forecasting, Technology Roadmapping, Technology Assessment and
Technology Foresight. But the beginning of the overall process in field of Technology
Management should be identified needs for filling gap (Figure 2.1) between future
requirements and current capabilities (Gerdsri, Daim and Rueda, 2011). This will be
benefit for providing the direction to R&D, policy and planning. And Technology
Roadmapping has been utilized as a forecasting and planning tool by assessing

technology gaps during the roadmapping process.

Gap Analysis

- 3 Evaluation Criteria and
Candidate Technologies Methodology
Selected Technologies

Figure 2.1 Technology assessment process (Tran and Diam, 2011)

2.2 Technology Roadmapping (TRM)

Definition of TRM

TRM is an approach to visualize an organization’s strategies by linking all
critical components (i.e. external factors, internal factors and targets for development)
together. The process of developing a technology roadmap can support a management
team in formulating strategies and making decision.

According to Albright (2003), a roadmap is defined as a document that
describes a future environment and plan to achieve the objectives under that
environment. By specifying down for using TRM in technology management, TRM is

known as a widely used technique in forecasting and planning process for future
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technologies, finding a suitable alternative provision to meet future needs, planning
strategy and aligning technology with overall business objectives. Moreover, TRM will
provide a tool for selecting which technologies to pursue in what timeframes (Bray and
Garcia, 1997). Reaching a consensus about technologies required (Needs-driven),
providing forecasting technology development mechanism and providing coordination
of technology development framework are major reasons to develop a roadmap (Laube
and Abele, 2005).

Roadmap Architecture

TRM process has two concepts in development. First is “Market pull” that
refers to the requirement for a new product from the market place. Second is
“Technology push” that focuses on R&D to push the new invention onto the market
without proper consideration in consumer needs. Based on these development concepts,
the generic format of a roadmap (Figure 2.2) performs relations between firm’s
capabilities and business requirements (Zurcher and Kostoff, 1997) as time-based
activities (Phaal et al., 2003). Market pull concept has consider from top to bottom that
business requirements are the first criterion in business strategy consideration.
Oppositely, technology push concept has consider in different direction that
technological capabilities are the first criterion in production. Almost TRM architecture
is acknowledged in term of "Market pull” (Groenveld, 2007; Willyard and McClees,
1987; Phaal et al., 2003).

In structurally, it consists of two dimensions, horizontal axis is timeline and
vertical axis is the layer structure of market, product, technology R&D and resources as
shown in Figure 2.2. With clear graphical meaning, it is provided for exploring and
communication in organization as well (Lee et al., 2005; McCarthy et al., 2001; Geum,
2011).
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Figure 2.2 Generic roadmap artifact (Phaal et al., 2003)

Analysis of TRM

The analysis at each step of the roadmap development (Albright and Kappel
2003; Phaal, Farrukh et al., 2004) include roadmapping process analysis, market
analysis, product analysis, technology analysis and resource analysis. The roadmapping
process analysis has consider to linkage between market, product, technology and
resource together with presenting the result of analysis in a form of roadmap. Market
analysis has consider to market needs and its direction happening in the future by
analyzing driving forces of change and market prioritization. STEEP analysis, which
consist of Social, Technological, Environmental, Economic and Political, is a
commonly used tool for external factor analysis. Details in each factor include:

S — Social, a factor relate directly to living conditions in society along with
culture, tradition, faith and core values. These indicate to market characteristic as well
as the ways to reach the desired market target. The example of social factors:

- Increasing or decreasing of population
- Sex and age

- Lifestyle

- Media consumption

- Shopping behavior

- Quality of life
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T — Technology, a factor closely related with knowledge and innovations
affecting business operation. Currently, responding to rapid change and extensive
knowledge by tracking technologies is necessary for decision making planning. The
example of technological factors. The example of technological factors:

- Fundamental technologies

- Accessing to technologies, markets or target audiences
- Education, research and technology development

- Rate of change or the emergence of innovations

E — Environment, a factor which is critical for specific industries associated

with the production. The example of environmental factors:
- Weather conditions
- Air, soil and water pollution
- Management and recycling system
- Waste disposal system

E — Economic, a factor which indicate demand and supply, size of market,
global and local trends. The example of economic factors:

- Deflation, inflation and interest rate
- Exchange rates of various currencies
- Unemployment rate

- Minimum wage

P — Politic, a factor happened from government administration or policies
during that time. This factor affects investment and doing business in the country. The
example of politic factors:

- Stability of government

- Corruption issues in the country

- Independence and freedom on doing business

- Regulations and prohibitions on doing business
- Regulatory control of imports and exports

- Taxation and tax fees

Product analysis focuses on product shape, functionality and performance.
Technology analysis has target to find appropriate technologies for product research and

development. By considering the characteristics of technology, assessing the existing
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organizational capabilities, assessment to determine technology gaps that can be used
to strengthen the ability to develop products as needed. Resource analysis give a process
to investigate the availability of resources and organization need of use.

Application of TRM

In current study of TRM found that it has been widespread and pervasive
utilization. Its definition has been described many ways which still has the same primary
meaning. But the additional meaning in detail has been explained as a part of the
research itself following different contexts. For example, Tam (2013) described using
TRM to accelerate the overall R&D process in order to deliver an earlier uptake of the
specific energy technology into the marketplace, Diam (2011) presented the
fundamental concepts of TRM that demonstrates the modification of technology
roadmaps for convergence of technologies for services over broadband.

Some researches developed a flexible connector to link market analysis and
final strategic process for decision making together. A new approach, which applied
from the Value Road Map concept (Dissel and Phaal, 2006) called Value Driven
Technology Road Mapping (VTRM) (Figure 2.3) by integrating marketing and decision
methodologies, was presented by Fenwick, Daim and Gerdsri (2009). It used marketing
tools on initial phases for assessment of current operation performance, technology
including market analysis, then it used decision making models for presenting
opportunity linked to market, products, technologies and R&D on the technology

roadmaps.
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Figure 2.3 VTRM process and tools (Fenwick, Daim and Gerdsri (2009)

Implementing TRM is dynamic as well as many existing forms depended
on organization environments. The T-Plan ‘fast-start’ approach (Figure 2.4) has been
developed which aims to support technology strategy and planning initiatives for a firm
by establishing the key linkages between technology resources and business drivers
(Phaal, Farrukh and Probert). Gerdsri, Vatananan and Dansamasatid (2009) presented
implementation step in commonly used, including different stages, significant roles of
key players and elaboration to change in order to match with the implementation.
Analysis at each step of Implementing TRM (Figure 2.4) help to close gaps, monitor
risks and integrate elements between market, product and technology (Albright and
Kappel, 2003; Phaal et al., 2004).
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(Phaal, Farrukh and Probert, 2001)

Benefits of TRM

TRM can be applied to determine where new technology can be used at the
appropriate time (McCarthy, 2003). Vatananan and Gerdsri (2010) has classified an
organization advantages into two major categories. The individual benefit perspective
includes dialog and strategic communication (Phaal and Muller, 2007; Phaal and Muller,
2009; Li et al., 2005), enhancing understanding and information sharing (Kostoff and
Schaller, 2001; Phaal and Muller, 2007; Nonaka, 1991) and understanding team
members (Bray and Garcia, 1997; Brown and O’Hare, 2001; Wells et al., 2004; Dessel
et al., 2006; Holmes and Ferrill, 2006). The organizational benefit perspective includes
integration of processes and policies (Garcia and Bray, 1997; Probert and
Shehabuddeen, 1999), building the connection between business units and/or markets
suppliers partners competitors (Kameoka et al., 2003; Rinne and Gerdsri, 2003) and
improving their decision making process (Garcia and Bray, 1997; Brown and O’Hare,
2001; Albright and Kappel, 2003; Wells et al., 2004).
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2.3 Analytical Approach

An analytical approach refers to an appropriate process to break a problem
down into the smaller pieces necessary to solve it. So it is widely used in various
applications related to the analysis of the importance of elements in the form of a
hierarchy. A hierarchical model by applying the Analytic Hierarchy Process (AHP) for
value measurement (Gerdsri and Kocaoglu, 2007) (Figure 2.5) is an example of TRM
analysis. The system thinking approach must be applied to the analysis to capture the
change of elements - business, markets, products, technology, R&D, and resources —

and the impacts of those changes on an organization over time.

o — — e — T T— T — ) — — _— T T_— T T_— ] — — — T — 0 T— 1 _— T — ] — 1 — — - —

. |
Ob;;-zf)fﬂ-‘@ Strategic Technology Evaluation I
. : I

Criteria

(Cy)

Factors

(th,{j

Measures of
Effectiveness

(m

i ik sl ok

Figure 2.5 A proposed hierarchical model using a semi-absolute value

measurement (Gerdsri and Kocaoglu, 2007)

Vatananan and Gerdsri (2011) presented an evaluation model. The hierarchy
model has been constructed from key drivers and its sub drivers to identify the status of
a roadmap by providing a decision making signal to maintain, update or revise a

roadmap on appropriate time.
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Figure 2.6 Evaluation model hierarchy (Vatananan and Gerdsri, 2013)

2.4 Scenario-based Approach
Scenario planning, scenario thinking or scenario analysis use to make

flexible long-term plans as a strategic planning and involve aspects of systems thinking.
The most important part of scenario planning is scenario development. This core process
is concerned about creating actual stories for the future. Bishop, Hines and Collins
(2007) has concluded the current state of scenario development. About alternative
futures, there are many techniques with its description for diverse objectives.

Wulf, Meilner and Stubner (2010) presented six steps of the scenario-based
approach to strategic planning (Figure 2.7) that allows for a quicker and easier
application in practice. It was built upon traditional approaches by focused on two core
requirements of innovative strategies — multiple options and integration of external and
internal perspectives to strategy development. Trend and Uncertainty Analysis on
Impact/ Uncertainty Grid (Figure 2.8) is used to identify key uncertainties for this

approach.
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Figure 2.7 Overview of the scenario-based approach to strategic planning
Wulf, MeilBner and Stubner (2010)
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Figure 2.8 Trend and uncertainty analysis on Impact/ Uncertainty grid
Waulf, Mei3ner and Stubner (2010)
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2.5 Scenario-based Roadmapping

Because of uncertainty happened at the first step of developing TRM, where
external drivers are considered, it affects until the final step which provide information
for making decision. A roadmap, which is the final product, is only represented as single
option despite of having multiple possible options from uncertain environments.
Scenario planning has been applied to create stories for different roadmaps in the same
circumstances. Combining of scenario planning and roadmapping (Saritas and Aylen,
2010) by using scenarios ‘before’ the roadmapping exercise, using scenarios ‘during’
the roadmapping exercise or using scenarios ‘after’ the roadmapping exercise can offer
“the best of both worlds.” (Strauss and Radnor, 2004). The six steps of science and
technology from roadmapping preparation to scenario building (Figure 2.9) by
technology-push, requirements-pull approach is presented by Lizaso and Reger (2004)
including preparation, system analysis, scenario projection, scenario building, time
assessment and roadmapping. There are also various techniques applied to bringing both
tools together (Kim and Park, 2004).

SRoﬁGmﬁpping System \ Scenario
I Preparation Analysis i Projection

Marts t Matum don

Technolagy teldn .

Scenario
Building

—»
presert future

03 10 13 20

Figure 2.9 Six steps of science and Technology Roadmapping process
(Lizaso and Reger, 2004)
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2.6 System Analysis and Design

Analysis and designing a system are importance parts of Software
Development Life Cycle (SDLC). Beginning from considering the appropriate
development model help the project to success with explicit process to plan. In terms of
software, a basic type of SDLC model is the sequential models. And the most basic of
all sequential models is the Waterfall model (Wallin and Land, 2005) (Figure 2.10) that
fits for a small team or individual and requires rapid development.

Regquirements
Definition Iﬂ

Bl

b g
s
Compenent
Test
E Ver'ificai:l'on
(I"h_g“:l"‘-"“) %
\
E Validation

(Acceptance
Test

Figure 2.10 The waterfall development lifecycle model (Wallin and Land, 2005)

Furthermore, in the age of customer centricity, the proper factors of User
eXperience (UX) is also considered to design and develop web based application. The
good design always consider the requirements of user experience at all time spans which
have mainly three factors including context (i.e. physical, technical and information),
user (i.e. motivation, resources and expectations) and system (i.e. properties, functions
and design) (Roto et al., 2011)(Figure 2.11).
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Figure 2.11 Time spans of user experience (Roto et al., 2011)
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CHAPTER Il1
RESEARCH METHODOLOGY

An objective of this research is to understand Technology Roadmapping
process that can be capped for an organization appropriately and effectively. Then a
computerized system had been developed focusing on ease of use and good functionality
for common usage. This study also aims to explore the knowledge of Scenario Planning
and find how to integrate scenario analysis into the roadmapping process as well as
assembling it to the computerized system.

Because the author has working experience that associated with technology
especially in designing system and software. Furthermore, the software industry is still
much appropriate to apply Technology Roadmapping responding to rapid change of
business which is a critical characteristic of software technology and industry. In term
of rapid change in software industry, it is not only internal technology and other
resources in research and development but also external factors as market needs. The
market needs come from user behaviour, preferring to consume high-tech and high-
touch products like smart devices, smart platforms and smart applications, but user
behaviour may lead technology (Market pull) or caused from technology (technology
push). The key point is that both internal and external environments of doing business
in software industry are directly affected from technology. That means the rapid change
occurs in the level of research and development through the market level of the roadmap.

The author believe that applying Scenario-based Technology Roadmapping
for a software firm will be an appropriate case study to give the apparent results to

analysis.



College of Management, Mahidol University M.M. (Management and Strategy) / 21

3.1 Research Design and Framework

In the methodology part, the process of identifying the key drivers and sub
drivers which impact the roadmap, a group of top management of a case organization
regarding the issues about the changes is interviewed in Social, Technology,
Environment, Economic and Politic which may impact an organization’s roadmap.
Then, the operation team is involved in the deciding the measurement values which is
associated with each key drivers. This study applies the System Development Life Cycle
(SDLC) which have six phases including preliminary investigation, analysis, system
design, data collection and test, implementation, and maintenance. To complete this
computerized system, the study has involved with the system design phase in SDLC
(Figure 3.1). The system design can separate into logical and physical design. The
logical design is necessary for providing a solution to integrate the evaluation model
into the application. Linking the evaluation result to graphical display is one of the
important tasks for logical design. The physical design is emphasized to explicitly
separate data acquisition between management level and operational level.

Preliminary |--c—-c-coo_
. \ Y » FEvaluation Model
/ Investigation \ % of TRM Status
B
Maintenance system Analysis f
Development
Life Cycle
(SDLC) System Design

Implementation Logical Design

™~ /

Data Collection Physical

and Test Design pIS
T Web application

________________________ prototype

To Integration

Figure 3.1 Research framework related to System Development Life Cycle
(SDLC)
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From the conceptual framework (Figure 3.2), the assigned external factors
as key drivers and sub drivers will be provided and input data into scenario analysis
framework. This study has apply trend and uncertainty analysis as a core process for
scenario analysis to extract influencing drivers. Classification of best-case and worst-
case scenario with extracted influencing drivers lead to producing the options of a

roadmap comparing with a base case in current situation.

External Factors Influencing Drivers
Key Driver 1

Sub Drivery, ™~

Sub Driver,, -? Best case

Sub Drivery, =

E I S
Key Driver 2 5
2 Worst ]

Subr Driversy, E ala

Sub Drivers—,

Sub Driversz, Key Uncertainty 1

Worst-case roadmap Base-case roadmap Best-case roadmap

Figure 3.2 Conceptual framework

3.2 Research Workflow

This research is organized into five parts (Figure 3.3). The first part is
literature review then defines the scope and objective. The second part designs a system
both physical and logical part then develops a web-based application focusing on the
status signal for a roadmap. The third part collects data to process and test on developed
application. The fourth part analyses roadmapping data based on scenario analysis. The
last part is conclusion and recommendation on the usability and usefulness of the

system.



College of Management, Mahidol University

Literature Review

l

System Design to Integration

l

Data Collection, Processing and Test

l

Analysis on the usability and
usefulness from the system

l

Conclusion and Recommendation

M.M. (Management and Strategy) / 23

Figure 3.3 Research workflow

3.2.1 Literature review (Chapter I1)

From the scope of study related to research objectives and goals of this

research, the literature covers the knowledge area of Technology Roadmapping,

evaluation of TRM status, Scenario-based Approach, Analytical Approach and System

Analysis and Design (Figure 3.4).

| Evaluationof |

| a TRM status |

System Analysis
and Design

Scenario
Approach

Technology
Roadmapping

Figure 3.4 Scope of literature review
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3.2.2 System design to integration (Chapter 1V)

In this section, integration of the status signal evaluation model, scenario
model and computerized system model is a part of logical part. To extract the key factors
for good functionality and ease of use, physical design have to cogitate the user

experience as the first priority.

3.2.3 Data collection, processing and test (Chapter 111, V)

In-depth executive interviews with open-ended and discovery-oriented
method makes the sufficient collected data and good enough various alternative
informations to process. Scenario-based approach is applied to build alternative data for
processing on the Technology Roadmapping. This causes the different stories different

roadmaps in the same circumstances.

3.2.4 Analysis on the usability and usefulness from the system
(Chapter VI)
This section has analyze the result of developed computerized system

towards usability and usefulness in business operation.

3.2.5 Conclusion and recommendation (Chapter VI)
This section has discuss on management implication, recommendation,

limitation, conclusion and future research.

3.3 Data Collection and Analysis

The required inputs for TRM web application to generate the options of a
roadmap are collected by interviewing executives. In-depth executive interviews with
open-ended and discovery-oriented method makes the sufficient collected data and good
enough various alternative information to process. This method is not just questions and
answers but record the communicated information repeatedly to get the most accurate
information (Pereira, Pedrosa, Simon and Matovelle). The open-ended questions on

interview such as:
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- What is the organization's goals? This question is geared towards
management vision what the main target they are trying to achieve including
development direction they focused.

- What about the current situation and resources? This question leads to
identifying company's status, gap analysis, opportunities and threats.

- What factors are positive/negative to develop or improve the company?
This question helps to find out sub drivers associated with key drivers.

- What about the current industry trends? This question helps to find out
the challenge and uncertainties that may occur.

Collecting data consists of two worksheets to collect and discuss under the
condition and guidance during the process.

The first worksheet (Table 3.1) contains sub drivers associated with key
drivers that categorized into Social, Technological, Economic, Environmental and
Political which used in analyzing external factors affecting to business. For management
level tasks, each drivers have to determine the value of relative importance, level of
confidence and tolerance limits. The relative importance represents the intensity of what
drivers are respected to an organization’s objectives and should be considered
sequentially. It has significant for product planning as well as supporting technology
consistent with product development according to market needs. The level of confidence
represents approximate accuracy of information. The tolerance limits indicate the level
of impact from any change in the measurement value of drivers on the roadmap. Its
interval causes a deviation from the baseline value of each sub drivers. These tolerance
limits are important to operationalize the evaluation of key drivers from the roadmap.
For operational level tasks, the measurement value should be measured periodically up
on appropriate business condition (Vatananan and Gerdsri, 2013).
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Table 3.1 STEEP analysis for the evaluation model for the status signal of a

roadmap
Management Level Operational Level
. . Relative Level of Tolerance Limits Measurement
Key Drivers Sub Drivers )
Importance | Confidence | T2-1 | T1-0 | Mbase | To-1 | T1-2 Value
Social ]
Technologal
Economic
Environmental
Political

The second worksheet contains the value of potential impact and uncertainty

of each sub drivers that align with the first worksheet. The potential impact could be the

same meaning with the relative importance from the first worksheet. The uncertainty

value refers to changed opportunity or sub driver’s unstable degree. These two values

are components on impact/uncertainty grid (Figure 3.5), a tool for trend and uncertainty

analysis which is an approach for scenario planning. In this analysis phase, the sub

drivers are then ranked by their degree of uncertainty as well as their potential impact

in order to identify the most crucial environmental drivers (Wulf, Mei8ner and Stubner,

2010). The higher degree of potential impact and uncertainty they have, the higher rank

of being an influencing driver they get.
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Figure 3.5 Trend and uncertainty analysis (Impact/Uncertainty grid)

Two most influencing drivers are considered as key uncertainties for
classification of scenarios. A scenario matrix (Figure 3.6) purposes to describe the
degree of situation. And the degree of situation depends on the degree of key
uncertainties. Two most extreme situations, consisting of negative-negative and
positive-positive key uncertainties, are described to the best situation as well as the worst
situation. The best situation or a best-case scenario does not necessarily indicate as the
positive-positive key uncertainties. It depends on the correlation which is the degree of
relationship between a sub driver and its key uncertainty. This is the same rationale as
the worst situation or a worst-case scenario. That's mean a worst-case scenario could be
indicated as the positive-positive key uncertainties.

After producing the base-case scenario, Technology Roadmapping process
will be repeated to produce the worst-case and the best-case scenario under the same
current situation as base-case scenario. As a result, there are three roadmaps provided
from three scenarios on this scenario-based roadmapping. The analysis of the results is
based on roadmaps comparison and opportunity of use.
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Figure 3.6 Identifying two key uncertainties for a scenario matrix
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CHAPTER IV
SYSTEM DESIGN

4.1 System Workflow
There are two methods using this TRM web application to generate the
roadmap comprising of Single-Scenario Single-Roadmap and Multiple-Scenario

Multiple-Roadmap.

4.1.1 Single-Scenario Single-Roadmap

From system workflow (Figure 4.1), the system operation starts with
gathering key drivers and sub drivers to determine potential impact and uncertainty
value by expert opinion. The management level defines key drivers along with their
values. The operational level measures the value of drivers same as defined by
management level from operation periodically. These two steps may use a worksheet as
shown in Figure 3.5 or direct input into web application (Figure 4.5-4.6). After that, the
roadmapping team will follow the steps as shown in Figure 4.3 to produce a roadmap.
These steps are part of generic roadmapping process.

4.1.2 Multiple-Scenario Multiple-Roadmap

From system workflow (Figure 4.2), after defining values by management
level and measuring values by operational level as same as the Single-Scenario Single-
Roadmap method. These defined values are plotted on impact/uncertainty grid to
indicate which sub drivers should be meticulously considered. Two influencing drivers,
which have two most values from potential impact and uncertainty, is used to build
scenarios. The sub drivers and its values provided from each scenario will feed into web

application to generate the options of a roadmap.
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4.2 Logical Design

The logical design purposes to turn the conceptual evaluation model for the
status of a roadmap into an operationalizable form (Figure 4.4). It needs an extended
programming code adding on the main line of programming code. This code operates
like a calculation method named Analytical Hierarchy Process (AHP) on the conceptual
evaluation model. This part has also related to aligning the process or sequence of
processing. System performance in terms of processing speed, accuracy of results and

system stability is based on the design in this section.
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4.3 Physical Design

The physical design purposes to graphically display as a status signal and
user interface of an input form for external factor analysis. The input form has separate
into the management level part (Figure 4.5) and the operational level part (Figure 4.6).
The status signal of a roadmap (Figure 4.7) includes green light status represented as
'‘Maintain' signal, yellow light status represented as 'Adjust’ signal and red light status
represented as 'Revise’ signal. A ‘Maintain’ signal indicates environment change within
an anticipated range that recommended to maintain a roadmap in its present state and
operate the roadmapping process as usual. An ‘Adjust’ signal indicates that a change in
the sub drivers has some effect on the roadmap and recommends an adjustment. A
‘Revise’ signal indicates a severe impact from a change in an organization’s
environment on their roadmap that recommended a revision (Vatananan and Gerdsri,
2013).

Conceptual Model Operationalizable Form

STEEP Analysis

=
0 -
§ g fvai:at;c;ntModel A Programming Code !
= oGl for Evaluating Status Signal
8 i of a Roadmap S rdaii o |
&t (vatananan and Gerdsri, 2013) | |
o] | |
i i | s
i ; Graphical display E
TRM Status Signal
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%0 | E Plug into |
Q | ! |
(i ! ]
| i E
o | Web User Interface E
_E 5 in part of E

Figure 4.4 Tasks on logical and physical design
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CHAPTER V
RESEARCH RESULTS

5.1 A Case Example

The developed web application for evaluating the status of a roadmap is
tested and validated by using collected data of a software company in Thailand. This
four years established software firm was run by unclear direction and strategy, but
interested in strategy development to increase competitiveness and sustainable growth.
This company already had a roadmap to guide product research and development. This
roadmap should be able to support a long term objectives to expanding products and

services into the regional markets.

5.1.1 Background of the case example

The Silly Studio company limited started operation in 2010 by two
shareholders. They were an outsourcing software firm focusing on developing windows
based applications. After that, they began to develop websites and there was an
increasing trend. They had developed their own CMS (Content Management System),
a core system or platform for rapid website development. But they found that Wordpress
CMS, which was the most popular one, has better functions, better features and more
flexibility. They had change software production direction from windows-based to web-
based and from their CMS to Wordpress in the end. Meanwhile, the first quarter of the
second year, the company began to develop games on mobile phone and had continuous
improvement on their development process. So, the company has received many offers
from customers for mobile application development and mobile responsive website.
However, the game development of company was not smooth. They had problem about
resources such as capital, personnel and skills. Therefore, there decided to focus on
website on mobile first, then improved their skills together with increasing revenue to

develop game on mobile later.
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5.1.2 Current situation

Software industry has the intense competition of business and fast change
business environment in terms of knowledge, technology and business model. These are
all direct impact the company capabilities, resources and operation that should be
improved all the time. Moreover, there are currently very short life cycle of using
software. New technologies used to plan, develop or support the software development
could evolve or change anytime. Therefore, this case study has a very interesting
challenge how TRM can produce an effective roadmap to support their direction as well
as strategic planning.

Possible changes has a characteristic of only single winner in one
technology category. For example, Facebook is the single winner in social network
category. Meanwhile, the runner-up and other places have a big gap to close the winner.
This situation make the small software firm like Sylli Studio must quickly focus on the
right technology carefully. In current software industry does not require high technical
skills but require innovative ideas, user experience design and good presentation which
are important skills for responding market needs especially steady increase of
smartphone popularity. The company’s main target market is Generation-Y consumer

who prefers social media and e-commerce as the key online interactions.

5.1.3 Future outlook

Software and game trends in the future depend on current technology
research and development. This factor is based on forecasted consumer behaviour. For
example, Virtual Reality (VR) and Augmented Reality (AR) has been predicted and
planned to be a popular application in parts of business, education and entertainment.
So, graphical technology which includes computer software and hardware, will be
promoted to higher priority for research and development supporting direction of

industry.

5.1.4 Executive interviews
The executives provide a set of data based on product development and
technology capabilities. They mentioned what factors related to their current situation

of business are able to be used as the drivers in external factor analysis (Table 4.1).
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5.2 Scenario Analysis

Although platforms or Operating Systems (OS) on smartphone have not
much choices for customer but they usually satisfy to choose up-to-date version for their
new devices. Updating their devices to new OS version is also an easy option in general.
Customer satisfaction as well as consumer behavior contain many factors that a firm
should respond for competitive advantage. The produced games and softwares should
target on popular platforms of smartphone. This perspective in choosing target can
guarantee the good direction. To upgrade products supporting popular OS, a firm has
the increasing cost for product development and marketing activities. A most critical
factor of investment risk comes from short life cycle of products. From executive
interviews and the result of the highest value on potential impact and uncertainty, they
decided to use diversify of platforms and product life cycle to be the key uncertainties
of scenario analysis.

This section shows the sub drivers of base-case scenario as well as their
potential impact and uncertainty value in the usual business situation (Table 5.1). Then
use influencing drivers generated from trend and uncertainty analysis (Figure 5.1) to
separate base-case scenario into two different scenarios. The change of influencing
drivers or key uncertainties lead to different results (Figure 5.2). The worst-case
scenario shows how a negative shift of influencing drivers leads to a worst-case
roadmap. The best-case scenario demonstrates how a positive shift of influencing

drivers leads to a best-case roadmap.
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Table 5.1 Scenario analysis: The measurement value of potential impact and

uncertainty in a usual business situation

No Sub Drivers Potential Impact | Uncertainty
1 Attitude toward the game in society 2 7
2 Payment behavior of the players 7 3
3 Lifestyle 5 5
4 Growth of Internet café 1 1
5 Increasing of intuitive and innovative game play 8 3
6 Increasing of Virtual Reality game 3 4
7 Increasing of mobile device usage 10 2
8 Diversity of platforms 7 9
9 Product life cycle 7 9
10 | Growth of broadband Internet 5 1
11 | Hardware Specification 7 1
12 | General Economic 3 5
arlect Impact/Uncertainty Grid
12
. 8. Diversify of platforms
0 *+7 9. Product life cycle
8 5 9
e 11 °2 &g
&
10 ® 3
p
6 ® 12
2 1
® 4
0
0 1 2 3 4 5 6 7 8 & 10
(Uncertainty)

Figure 5.1 Scenario analysis: Trend and uncertainty analysis

(Impact/Uncertainty grid)

5.2.1 Base-case scenario
This case (Table 5.2) describes the current usual situation that there are no
any concern about economic. Mobile device usage has increase with releasing new

hardware technologies incessantly. But high graphical technology like Virtual Reality
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is still not much popular in current time. This may be caused from customer behaviour
that interested in playing intuitive and innovative game. The online transaction on e-
commerce and purchasing mobile application and game provide the most convenience
way what the company have to support. A roadmap produced under this condition

named Base-case roadmap is shown as Figure 5.3.

5.2.2 Best-case scenario

From trend and uncertainty analysis (Figure 5.2), diversification of
platforms stay on a positive situation that means there is less change smartphone
platforms. Product life cycle also stay on a positive situation indicating a launched game
is consumed in the market for a long time.

This case (Table 5.3) describes that the economics is the same situation as
Scenario A. The lifestyle is more uncertain but not effect to payment behaviour and
mobile device usage of the game players. The driver of increasing of mobile device
usage has been reduced relative importance from this cause. The diversity of platforms,
product life cycle and hardware specification has also been reduced relative importance
because the company can operate business as usual or having better business situation
than Scenario A. Therefore, the company has a stable business environment. This
phenomenon is good outlook for software and game consumption. The consumer plays
more games and frequently purchases. A roadmap produced under this condition named

Best-case roadmap is shown as Figure 5.4.

5.2.3 Worst-case scenario

From trend and uncertainty analysis (Figure 5.2), diversification of
platforms stay on a negative situation that means there is much change smartphone
platforms. Product life cycle also stay on a negative situation, indicating a launched
game is consumed in the market for a short time.

This case (Table 5.4) describes that the economic situation is worse than
Scenario A. Its relative importance has been increased for surveillance. This
phenomenon effects to lifestyle that the consumer is more careful on spending including
of mobile device usage. The consumer only uses mobile device for necessary tasks. The

payment behavior of game players has been increased because it related to product
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channels that company should focus on this point to get more selling opportunities. The
product life cycle and hardware specification has been reduced relative importance
because the industry looks slow down without any change. A roadmap produced under
this condition named Worst-case roadmap is shown as Figure 5.5.

The impact/uncertainty level of key uncertainties for each scenario is shown
as Figure 5.2. It describes the difference level of product life cycle and diversity of

platforms between base-case scenario and its options.

Key Uncertainty 2 (Product life cycle)

Best case

Less diversified

Short life c Long life cycle

Worst case

Key Uncertainty 1 (Diversity of platforms)
More diversified

Figure 5.2 Scenario matrix of the case example
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5.3 Technology Roadmapping on Computerized System

Table 5.2 Base-case scenario: The relative importance and tolerance limits of
key/sub drivers

Management Level Operational Level
. . Relative Level of Tolerance Limits M
Key Drivers Sub Drivers . irrement
Importance | Confidence | ., | ;.o | Mbase | o1 2 Value
Social Low
Attitude toward the

game in society

Payment behavior “ 7
the players @
estyE &

Growth of
café et

e

Technological

reasi
and inn ]
play

Increasing
R%am
|

Diversity o t g 1

Product life cycle 7
Growth of broadband 5
Internet
Hardware Specification 7
Economic Medium

General Economic 3
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Table 5.3

Best-case scenario: The relative importance and tolerance limits of
key/sub drivers

Management Level Operational Level
i Tolerance Limits M
Key Drivers Sub Drivers Relative Lev‘el of irement
Importance | Confidence | ., | 1., | Mbase | o1 T2 Value
Social Low
Attitude toward the

game in society

Payment behavior of
the players

Lifestyle

Technological

Growth of broadband
Internet

Hardware Specification

Economic

General Economic
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Table 5.4

Worst-case scenario: The relative importance and tolerance limits of
key/sub drivers

Management Level Operational Level
i Tolerance Limits M
Key Drivers Sub Drivers Relative Lev.el of irement
Importance | Confidence | .. | 1o | Mbase | w1 12 Value
Social Low
Attitude toward the

game in society

Payment behavior of
the players

Lifestyle

Technological

Growth of broadband
Internet

Hardware Specification

Economic

General Economic
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5.4 Feedback from Users

5.4.1 How do you feel towards the optimization and application of TRM in this
format ?

It was a great opportunity to revise and raise some concerns regarding the
changes of uncontrollable issues such as social attitude, general economic and to foresee
how it may affect our direction. However, the process needs to be revised again from
year to year to make it fits into our business field because we are small business and in
technology field.

5.4.2 How useful is this TRM application to your organization ?
From our current circumstances, it is quite useful when it comes into the
direction of product development because it can be a part that help us decide which

product to go or discard when the situation occur.

5.4.3 Regarding organization strategy, how can this TRM application help your
analysis and strategy formulation?
It was a good indicator tool to let us know when to change the strategy

before time. The more frequent we use this tool, the more accuracy we achieved.

5.4.4 Regarding flexibility of use, how can your organization change to bring TRM
be a part of strategy development in practical ?
The product development strategy can be adapted to this TRM and also
TRM can be adapted to be used for a single product strategy as well. We may use it to
analyze and/or determine the specific product strategy to make it more profitable.

5.4.5 What are your expectations from using TRM ?
We expect the results of it that could be practical enough for our business to

adapt into it and also the clear guidances that the TRM provided.
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CHAPTER VI
DISCUSSION AND RECOMMENDATION

The aim of this research is to develop a web application for TRM process.
The main outcome of this research is a computerized system to assess the roadmap status
signal. The signal indicates the roadmap status whether to maintained, adjusted or
revised. Therefore, this computerized system can help a management team to know the
suitable action and reduce the time in analysis and decision-making process. As a result,

the web application produces a roadmap and its status signal to consideration.

6.1 Research Finding

According to the literature reviews and doing this research, the author found
that TRM can be used to advantage for the technology planning of an organization as
well. But the effective framework as well as the appropriate platform are important
barriers to apply TRM for an organization in practical. A web-based application can be
the effective operationalizable platform to eliminate this barrier. The STEEP analysis
can also be the appropriate framework to analyze external factors as well.

On the other hand, are there any opportunities else to increase benefit and
efficacy for TRM ?. The evaluation of status signal for a roadmap and the scenario
planning are the answer of this question. The evaluation of status signal for a roadmap
identify the status of consistency between developed technology and business
environment. The scenario planning builds the alternative roadmaps from current single
roadmap. These two approaches give the way to unlock the potential of TRM. The
evolution from Single-Scenario Single-Roadmap as usual TRM process, to Multiple-
Scenario Multiple-Roadmap as advanced TRM process, this progress give an impressive
additional value to TRM.
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6.2 Discussion

About the current understanding or theory in the innovation management,
many organizations have used a roadmap to guide their innovation activities. Those
organizations also face the similar challenges in monitoring the status of their roadmaps
whether their roadmaps are still valid given the changes of external business drivers.
With the development of web-based application, it will help management to analyze and
adjust their innovation plan appropriately according to the changes impacted on the
roadmap.

The challenges of roadmap operationalization are such as what are the most
effective tools that can be used to analyse the roadmap components. There are five main
elements combining in a roadmap which consist of driver, market opportunities,
product, technology, and research and development. Every elements managed by the
application are able to connect to each other rationally. The designing takes the
structural relationships or connections between roadmap's links and nodes into
consideration to ensure the alignment among different segments on web application
form. In other words, the structural relationship of application can help to systemize the
practitioner's communication which is unstructured data. To achieve the target of
communication and learning performance which are the same content expecting to
improve in every organizations, an operationalizable form of TRM is a good solution in
practical for TRM process including other collaboration activities.

The practitioners, who use this operationalizable form or a web-based
application, are able to focus on the impact of changes in business drivers on a roadmap.
Because this computerized system can identify the status as a guide to the appropriate
timing for any action. For example; a “Maintain” signal recommends to maintain a
roadmap and continues to operate the roadmapping process as usual. An “Adjust” signal
recommends to adjust a roadmap because a change in the key drivers has effect on the
roadmap. A “Revise” signal recommends to revise a roadmap because there is a severe
impact from a change in an organization’s environment on a roadmap. Alignment of
management level part and operational level part on a web form can help these two
levels of staff working together in monitoring the status of a roadmap. Furthermore, one
of the most benefit of web-based application is to allow the practitioners accessing the

system anytime, anywhere.
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In case study, the author found that it is very convenience to collect data
from participants by using this web application. It may be hard to understand the
sequence of TRM processing on web application in the first time and it is surely harder
if an organization has never know TRM before. The author decided to communicate by
using a worksheet because of this reason. From the participant’s feedback, the author
believe that this web application can let the organization manage internal resources in
accordance with market needs in a timely manner.

The author has described a computerized system in context of the
roadmapping process as above. The relation between this research and TRM
environment (Figure 6.1) describes how the computerized system participates with
TRM environment in context of  implementation stage. And the same figure also
indicates what internal components and external components are contained to this
system. An efficient platform or operationalizable system (Orange block) contains the
scenario approach and the evaluation model of status signal. The evaluation model has
been transformed from conceptual level by adding a part of programming code. This
system is used to operate between development stage and integration stage of TRM
implementation (Blue block)(Gerdsri, VVatananan and Dansamasatid, 2007). The TRM
environment includes business uncertainty, external factor analysis and decision support
information (Grey blocks). The business uncertainty is a source of finding critical
drivers to feed in the external factor analysis. The first two components perform as the
input of TRM process. The decision support information is a set of useful data for
management processing from the computerized system. This component performs as

the output of TRM process (Light grey block).
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Uncertainty in Business  (Problem Statem

External Factor Analysis

Technology Roadmapping

|Problem St )

Conceptual Level

Evaluation Model of Status Signal

Operationalizable Level [Research Goal)

Base-case Roadmap Evaluation Model of Status Signal

Alternative Roadmaps

Decision Support Information

Figure 6.1 The relation between this research and TRM environment

6.3 Recommendation

From the study, the author found the interesting points which include:

- Before the roadmap production process, the scenario approach should be
used meticulously for deeper understanding and getting more explicit scenario.

- There should have preparation period for participants to understanding
the TRM background before joining the process. This will help participants in better
extracting beneficial data to process.

- This system will be a higher performance system if it has connect with

the internal factor analysis and external business applications as shown in Figure 6.1.
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6.4 Limitation

There are no any limitations for the Single-Scenario Single-Roadmap
method but for the Multi-Scenario Multi-Roadmap method, there are an existing
limitation that the roadmapping team can produce a roadmap with a roadmapping
process but cannot produce multiple roadmaps within a single roadmapping process.
This may good already that a roadmap is produced by a single process independently.

Moreover, the overall limitations include:

- The evaluation model has only evaluate external factors excluding
internal factors of an organization. Some issues from inside resources such as
technology, should be assessed before product development.

- The status signal displaying on a roadmap has only show the status of
big picture consisting of all key drivers and sub drivers, but lack of displaying the status
signal for each key driver and sub driver specifically. If the application can produce
specific the status signals for both key drivers and sub drivers, an organization will be
able to identify appropriate drivers to maintain, update or revise. These independent
status signals are also impact to the overall status signal of a roadmap.

- The output processed from the web application can be saved to a generic
format but it still cannot use with other standard business applications. It may sound
better if the data format can be direct used or converted from an additional function
provided by this existing application.

- This system designs for all industries. Customising for specific industry

will make the overall roadmapping process more effective.

6.5 Future Work

To close gap of limitations, the author found opportunities to improve the
system including:

- Additional external factor analysis will help decision making for
management more effective with a better class of TRM web application.

- Adding the status signal to all drivers is a good solution for identifying

to appropriate focal point to maintain, update or revise.
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- Changing data format to usable type with general business applications
will help practitioners reducing the time to conversion and ease of use with actual
business operation.

- The title of elements on the roadmap should design for changeable. It
helps more flexible and fit for each case.

- The graphical display for the status signal still can modify to be a better

sense of business perspective.



College of Management, Mahidol University M.M. (Management and Strategy) / 53

REFERENCES

1 Albright, R. E. (2003). A Unifying Architecture for Roadmaps Frames a Value
Scorecard. Paper presented at the IEEE International Engineering
Management Conference, Albany, NY.

2 Albright, R. E., & Kappel, T. A. (2003). Roadmapping in the Corporation. Research
Technology Management, 46(2), 31-40.

3 Ayse, F. K., Woon, W. L., & Madnick, S. (2008). Technological Forecasting — A
Review.

4 Bishop, P., Hines, A., & Collins, T. (2007). The current state of scenario development:
an overview of techniques. foresight, 9(1), 20.

5 Brady, T., Rush, H., Hobday, M., Davies, A., Probert, D., & Banerjee, S. (1997).
Tools for technology management: An academic perspective.
Technovation, 17(8), 417-426. doi: 10.1016/s0166-4972(97)00017-5

6 Brown, R., & O'Hare, S. (2001). The use of technology roadmapping as an enabler
of knowledge management. Paper presented at the IEE Seminar on
Managing Knowledge for Competitive Advantage (Ref. No. 2001/047).

7 Daim, T. U. (2011). Roadmapping the convergence of technologies for services over
broadband: A benchmarking effort. Benchmarking: An International
Journal, 18(5), 25.

8 Dasgupta, M. (2009). Technological Innovation and Role of Technology Strategy:
Towards Development of a Model. Paper presented at the 9th Global
Conference on Business & Economics, Cambridge University, UK.

9 Dissel, M. C., Phaal, R., Farrukh, C. J. P., & Probert, D. R. (2006). Value
Roadmapping: A Structured Approach for Early Stage Technology
Investment Decisions. Paper presented at the Portland International Center
for Management of Engineering and Technology (PICMET), Istanbul,
Turkey.



Thanakrit Lersmethasakul References / 54

10 Farrukh, C. J. P., Phaal, R., & Probert, D. R. (1999). Tools for technology
management: dimensions and issues. Paper presented at the Management
of Engineering and Technology, 1999. Technology and Innovation
Management. PICMET '99. Portland International Conference on.

11 Farrukh, C. J. P., Phaal, R., & Probert, D. R. (2003). Technology roadmapping:
linking technology resources into business planning. International Journal
of Technology Management, 26(1), 2-19. doi: 10.1504/1JTM.2003.003140

12 Fenwick, D., Daim, T. U., & Gerdsri, N. (2009). Value Driven Technology Road
Mapping (VTRM) process integrating decision making and marketing
tools: Case of Internet security technologies. Technological Forecasting
and Social Change, 76(8), 1055-1077. doi: 10.1016

13 Gerdsri, N., Daim, T., & Rueda, G. (2011). Review of Technology Forecasting,
Technology Assessment: Forecasting Future Adoption of Emerging
Technologies. Forecasting Future Adoption of Emerging Technologies,
Operations and Technology Management, 10.

14 Gerdsri, N., & Kocaoglu, D. F. (2007). Applying the Analytic Hierarchy Process
(AHP) to build a strategic framework for technology roadmapping.
Mathematical and Computer Modelling, 46(7-8), 1071-1080.

15 Gerdsri, N., Vatananan, R. S., & Dansamasatid, S. (2009). Dealing with the
dynamics of technology roadmapping implementation: A case study.
Technological Forecasting and Social Change, 76(1), 50-60. doi: doi: DOI:
10.1016/j.techfore.2008.03.013

16 Geum, Y., Lee, S., Kang, D., & Park, Y. (2011). Technology roadmapping for
technology-based product-service integration: A case study. Journal of
Engineering and Technology Management, 28(3), 128-146.

1

\]

Groenveld, P. (2007). Roadmapping integrates business and technology. Research
Technology Management, 50(6), 49-58.

18 Holmes, C. J., & Ferrill, M. B. A. (2006). A Process for the Update and Review of

Operation and Technology Roadmaps. Paper presented at the IEEE

International Conference on Management of Innovation and Technology

(ICMIT).



College of Management, Mahidol University M.M. (Management and Strategy) / 55

19 Kameoka, A., Kuwahara, T., & Li, M. (2003). Integrated strategy development: an
integrated roadmapping approach. Paper presented at the Portland
International Center for Management of Engineering and Technology
(PICMET).

20 Kim, Ye, H., Park, & Tae, Y. (2004). Development and Application of Web-Based
Technology Roadmap: QFD and Scenario Planning Approach.

21 Kostoff, R. N., & Schaller, R. R. (2001). Science and technology roadmaps.
Engineering Management, IEEE Transactions on, 48(2), 11.

22 Laube, & Abele. (2005). Technologie-Roadmap: Strategisches und taktisches
Technologiemanagement. Ein Leitfaden. Fraunhofer-Institut
Produktionstechnik und Automatisierung (IPA).

23 Lee, S., & Park, Y. (2005). Customization of technology roadmaps according to
roadmapping purposes: Overall process and detailed modules.
Technological Forecasting and Social Change, 72(5), 567-583. doi:
10.1016/j.techfore.2004.11.006

24 Li, M., & Kameoka, A. (2003). Creating added value from roadmapping process: a
knowledge-creating perspective. Paper presented at the IEEE International
Engineering Management Conference (IEMC).

25 Li, M., Lei, W., & Kameoka, A. (2005). Making Sense of Roadmapping Practices
in Dynamic Contexts: A Knowledge Management Perspective. Paper
presented at the Portland International Center for Management of
Engineering and Technology (PICMET), Portland, Oregon - USA.

26 Lizaso, F., & Reger, G. (2004, 13-14 May). Scenario-based Roadmapping — A
Conceptual View. Paper presented at the First EU-US Seville Seminar on
Future-Oriented Technology Analysis (FTA), Seville, Spain.

27 McCarthy, J. J., Haley, D. J., & Dixon, B. W. (2001). Science and technology
roadmapping to support project planning. Paper presented at the Portland
International Center for Management of Engineering and Technology
(PICMET).

28 McCarthy, R. C. (2003). Linking Technological Change to Business Needs.
Research Technology Management, 46(2), 47-58.



Thanakrit Lersmethasakul References / 56

29

30

31
32

33

34

35

36

37

38

39

40

Nauda, A., & Hall, D. L. (1991). Strategic technology planning-developing
roadmaps for competitive advantage. Paper presented at the Technology
Management : the New International Language, 1991, Portland, OR.

Nonaka, I. (1991). The knowledge-creating company, Harvard Business Review.
69, November-December, 8.

Pereira, A. G., Pedrosa, T., & Simon, K. H. In—depth interviews.

Phaal, R., Farrukh, C. J. P., Mills, J. F., & Probert, D. R. (2003). Customizing the
technology roadmapping approach. Paper presented at the Portland
International Center for Management of Engineering and Technology
(PICMET).

Phaal, R., Farrukh, C. J. P., Mitchell, R., & Probert, D. R. (2003). Starting-Up
Roadmapping Fast. IEEE Engineering Management Review, 31(3), 54-60.

Phaal, R., Farrukh, C. J. P., & Probert, D. R. (2001). T-Plan: The fast-start to
technology roadmapping - planning your route to success: Institute for
Manufacturing, University of Cambridge.

Phaal, R., & Muller, G. (2007, August 5-9). Towards Visual Strategy: An
Architectural Framework for Roadmapping. Paper presented at the Portland
International Center for Management of Engineering and Technology
(PICMET), Portland, OR.

Phaal, R., & Muller, G. (2009). An architectural framework for roadmapping:
Towards visual strategy. Technological Forecasting and Social Change,
76(1), 39-49.

Porter, A. L., Roper, A. T., Mason, T. W., Rossini, F. A., & Banks, J. (1991).
Forecasting and Management of Technology: Wiley-Interscience.

Probert, D., & Shehabuddeen, N. (1999). Technology road mapping: the issues of
managing technology change. International Journal of Technology
Management, 17(6), 646-661.

Rinne, M., & Gerdsri, N. (2003, July 20-24). Technology Roadmaps: Unlocking the
Potential of a Field. Paper presented at the Portland International Center for
Management of Engineering and Technology (PICMET), Portland, OR.

Roto, V., Law, E., Vermeeren, A., & Hoonhout , J. (2011). User Experience White

Paper: Bringing clarity to the concept of user experience.



College of Management, Mahidol University M.M. (Management and Strategy) / 57

41 Saritas, O., & Jonathan, A. (2010). Using Scenarios for Roadmapping: The Case of
Clean Production. Technological Forecasting and Social Change, 77(7),
14,

42 Scott, G. M. (2001). Strategic planning for technology products. R&D Management,
31(1), 15-26.

43 Strauss, J. D., & Radnor, M. (2004). Roadmapping For Dynamic and Uncertain
Environments. Research Technology Management, 47(2), 51-57.

44 Tam, C. (2013). Technology Roadmaps: Energy technology roadmaps.

45 Thamhain, H. J. (2005). Management of Technology: Managing Effectively in
Technology-Intensive Organizations: John Wiley & Sons, Inc.

46 Tran, T., & Diam, T. (2011). Technology Assessment: Forecasting Future Adoption
of Emerging Technologies. Operations and Technology Management, 10.

47 Vatananan, R. S., & Gerdsri, N. (2010, July 18-22). The Current State of Technology
Roadmapping (TRM) Research and Practice. Paper presented at the
Portland International Center for Management of Engineering and
Technology (PICMET), Phuket, Thailand.

48 Vatananan, R. S., & Gerdsri, N. (2011, July 31 2011-Aug. 4 2011). An analytical
approach to assess the current state of a roadmap. Paper presented at the
Technology Management in the Energy Smart World (PICMET), Portland,
OR.

49 Vatananan, R. S., & Gerdsri, N. (2013, July 28 2013-Aug. 1 2013). Assessing the
status of a roadmap: When is the time to review? Paper presented at the
Technology Management in the IT-Driven Services (PICMET), San Jose,
CA.

50 Wallin, C., & Land, R. (2005). Software Development Lifecycle Models The Basic
Types.

51 Wells, R., Phaal, R., Farrukh, C. J. P., & Probert, D. R. (2004). Technology
roadmapping for a service organization. Research Technology
Management, 47(2), 46-51.

52 Willyard, C. H., & McClees, C. W. (1987). Motorola's Technology Roadmap

Process. Research Management, 30(5), 13.



Thanakrit Lersmethasakul References / 58

53 WuIf, T., Meiliner, P., & Stubner , S. (2010). A Scenario-based Approach to
Strategic Planning — Integrating Planning and Process Perspective of
Strategy. 98.

54 Zurcher, R., & Kostoff, R. (1997). Modeling technology roadmaps. The Journal of
Technology Transfer, 22(3), 73-79. doi: 10.1007/BF02509165



	Cover
	Abstract_Th
	Abstract_En
	Conts
	Intro
	Liter
	Method
	System
	Result
	Discuss
	Refer
	Biography



