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Abstract--Technology roadmapping is an indispensable
method for aligning closely between strategic objectives and
technology management, especially technology-intensive
enterprises. It is interesting to note that most companies are
pursuing technology roadmapping approaches is very
compelling, but the normal perspective for most companies is
from inside to out which they start by looking at their own
organization. To address the limitations found in the existing
methods, this paper aims to develop a hybrid roadmapping
method (HRMM) by incorporating two inside-out and outside-in
perspectives for technology forecasting and assessment which
provides companies with fresh insights for strategic innovation
and technology planning. The HRMM is composed of four main
steps which include preliminary discussion, inside-out
roadmapping, outside-out roadmapping and follow-up
discussion, respectively. It has been developed to provide a
roadmap for strategic and innovation planning in inside-out and
outside-in perspectives. The capability of the HRMM is realized
through a case study conducted in the Information and
Communication Technology (ICT) Industry and encouraging
results have been obtained.

I. INTRODUCTION

Changing technology, driven forward by innovation,
affects everybody's business. Technology is a primary cause
of change and the key to productivity and change as well as
change is a fact of life [39]. Some elements of the challenge
posed by technology, such as shortening of product life cycles
[39], [23] as well as increasing technological change [43],
pace of technology development [34], complexity of
technology [34], innovation speed [22], [25], [33] and speed
of the diffusion of innovations [26]. Allocating the
management of resource into the right technology and
innovation is one of the challenges for innovation and
technology-intensive enterprises. Opportunities to innovate
with new technologies are abound, but only those who can
adapt to the unforeseen changes will be really successful.
Understanding different dimensions of the technological
change is complex and uncertain. In the world of rapid
change and global competition, the organizations could be
able to forecast and assess technological change to obtain
competitive advantage.

A. Viewpoint: inside-out vs outside-in

Smart organizations do not wait for change to happen but
proactively monitor and take advantages of changing
environments, new/potential technologies, and new
innovations. The normal perspective for most organizations is
from inside to out as shown in Fig. 1. They start by looking at

their own organization and then focusing on their own
customers, competitors, technologies and resources within
their own business arena. In the inside-out perspective, it may
be barely satisfactory to plan market activities for the next
few years in a less competitive and stable environment. If the
focus is on long-term business development (i.e. product or
technology development) in a more competitive, complex and
rapid changing environment, the inside-out perspective may
be inadequate for this environment to make the organization
easily to predict changes in the global marketplace that have
not already become obvious or mature.
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Fig. 1 Inside-out perspective

To anticipate these changes, it is necessary to start by
looking at the driving forces that may have an impact
affecting the business development of the organization.
Long-term development in the business arena greatly depends
on driving forces in the surrounding world. The outside-in
perspective [42], [27] is highly recommended for these
organizations to look into the driving forces behind the
changes deeply, as well as to track and analyze trends
regularly in the surrounding world as shown in Fig. 2.
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Fig. 2 Outside-in perspective
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To express these two perspectives in terms of
proactiveness, most organizations mainly focus on the present
status (i.e. inside-out perspective) to solve their existing
problems and treat present problems, but not focus on future
to anticipate future needs and shape the future (i.e. outside-in
perspective). Effective organizations may proactively make a
big step in managing from the future constantly. Managing
from the future will encourage the new ideas, develop the
flexible processes, and invest in the management of
knowledge and technology that will allow the organizations
not only to adapt and survive, but to create the future. To
well-equip the organizations for the future, there may be an
opportunity to drive the organizations from the cleaner
positions (i.e. clean acute problems and treat present
problems) to a shaper role (i.e. anticipate future needs and
shape the future). There are four levels of proactiveness
which are illustrated in Fig. 3 (adapted from [27]).

B. Technology roadmapping

Technology roadmapping is one of the popular tools for
managing new and potential technologies in the technology
planning and development. The wuse of technology
roadmapping becomes more widespread in recent decades.
By leveraging the technology roadmapping process, a
technology roadmap is generated which identifies alternate
technology “roads” for meeting certain performance
objectives. A single path may be selected and a plan is
developed. If there is high uncertainty or risk, then multiple
paths may be selected and pursued concurrently. The
roadmap identifies precise objectives and helps to focus
resources on the critical technologies that are needed to meet
those objectives [15].

In other words, technology roadmap is functioned as a
combination of maps and radar charts to show what the future
is going to be and what obstacles will come out. In many

Differentiated

/

situations, company’s ideas are always bounded by what they
know but ignoring what they do not know. Technology
roadmapping facilitates users to make decisions by
comprehensively considering various factors such as market,
business, product, technology, resource, etc [35], [36]. By
using multi-layer graphical representation of a plan, the
roadmap is used to link up all the factors to better understand
the relationship between market objectives and technology
development based on its flexible layout which aligns with a
time frame [11], [35], [41], [10], [17], [36], [32].

Initially, the value of the technology roadmaps for
innovation lies in the recommendation of new technologies
and products based on the evolution of existing technologies
and products. The use of technology roadmaps came to the
forefront with Motorola in the late 1970s for the
improvement of the alignment between product and
technology [46]. Moreover, reference [21] also proposed four
key areas of the roadmap, such as science/technology
roadmaps, industry roadmaps, product/technology roadmaps
and product roadmaps.

Subsequently, the technology roadmapping method was
widely adopted by government, academic and research
institutions and many different industry sectors, particularly
for large technology-intensive firms in the consumer
electronics, aerospace and defense sectors, and then
spreading to many other areas [18], [34], [2], [31], [7], [29],
[4], [36], [3], [16], [5], [32]. Moreover, some researchers
provided insight into roadmapping disruptive technologies
[14], [24], [44], [45] and assessing emerging technologies
[28], [12], [19], [8], [31]1, [47], [13], [37], [38]. Evidence
shows that technology roadmapping enhanced the integration
between business strategy and technology management which
is very compelling, and most of the researchers applied
exploratory qualitative approaches based on case studies.
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C. Summary

In this section, the normal viewpoint of the organization

and the state of art of technology roadmapping for strategic
innovation and technology planning are reviewed and
discussed, respectively. On the whole, the existing methods
help considerably for decision makers and solution seekers in
the organization to link strategy to product plans to
technology plans. However, they are a number of limitations
which include: -
(1) Most organizations concern themselves with their
customers, competitors, technologies, resources and
business arena from inside-out perspective, not
outside-in perspective.
Existing methods of technology roadmapping are
workshop-oriented which involve groups of individuals
with varying degree of cross-functional expertise in an
organization or industry sector. The participants need to
spend lots of time in order to get through the results. It is
time-consuming and the qualities of the results heavily
rely on the participants’ knowledge, experience and
opinions.

(iii)) Most of the studies demonstrated that technology
roadmapping was implemented successfully in case by
case. However, there is lack of quantitative measures for
evaluating the performance of roadmap’s outcomes.

(i)

In order to address the limitations found in the existing
methods, this paper aims to develop a hybrid roadmapping
method (HRMM) by incorporating two different perspectives
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technology, resource)
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(i.e. inside-out and outside-in) for technology forecasting and
assessment which provides companies with fresh insights for
strategic innovation and technology planning. The outside-in
approach aims at addressing external trend and driver
landscape and evaluating the performance of roadmap’s
outcomes whereas the inside-out approach is concerned with
technology management implementing the corporate strategy.
The hybrid approach combines inside-out and outside-in by
involving stakeholders and establishing a management
approach in which roadmap is integrated. By leveraging the
proposed method, a series of roadmaps generated based on
the frameworks of the methodologies. The capability of the
method is demonstrated through a case study conducted in an
Information and Communication Technology (ICT) company.

II. HYBRID ROADMAPPING METHOD

A hybrid roadmapping method (HRMM) is proposed to
design and develop a series of technology roadmaps for
technology forecasting and assessment in inside-out and
outside-in perspectives. The framework and information flow
of the hybrid roadmapping method (HRMM) are shown in
Fig. 4 and Table 1, respectively. As shown in Fig. 4, the
HRMM is composed of four main steps which include
preliminary discussion, inside-out roadmapping, outside-out
roadmapping and follow-up discussion, respectively. They
are conducted to develop a roadmap for strategic and
innovation planning in inside-out and outside-in perspectives.
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Fig. 4 Framework of the hybrid roadmapping method in inside-out and outside-in perspectives
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TABLE 1 INFORMATION FLOW OF THE HRMM

1 Preliminary + Inside-out + Primary data
Discussion + OQutside-in + Secondary data

2 Inside-out + Inside-out + Primary data
Roadmapping

3 Qutside-in + Qutside-in + Secondary data
Roadmapping

4 Follow-up + Inside-out + Primary data
Discussion + Qutside-in + Secondary data

The preliminary discussion aims at having an
understanding of company in terms of (a) company needs, (b)
driver landscape and external trends addressed as well as (c)
the existing business strategy. As shown in Table 1, these
three types of information are elicited by different approaches
such as face-to-face discussion, information retrieval and
extraction for prerequisite preparation of inside-out
roadmapping. The significant outcomes of the discussion well
defined aim and scope of the roadmap and a framework of
the roadmap are subsequently developed based on corporate
need and strategy. Hence, a preliminary inside-out roadmap is
generated by the primary data which are the information
elicited in the preliminary discussion and published company
information (i.e. company profile, press releases, annual
report, etc.) for inside-out roadmapping use.

The preliminary inside-out roadmap is validated by the
participants from the beginning of the inside-out
roadmapping. On the basis of the validated preliminary
inside-out roadmap, the inside-out roadmapping is then
conducted with the participants using face-to-face discussion
in inside-out perspective. According to the framework of the
roadmap, all the elements being concerned (e.g. market and
business drivers, product, service, application, technology,
resource) are identified and the linkages among all the
elements being concerned are established.

On the completion of the inside-out roadmapping, the first
inside-out roadmap is also generated by the participants and
the content on the roadmap expresses their ideas and opinions
to the future plan in inside-out perspective (i.e. what future
market segment they can serve).

Outside-in roadmapping is a validation stage for
evaluating the credibility of the first inside-out roadmap in
secondary data analysis. To be precise, the context of
roadmap (i.e. each tag on the roadmap) is validated by
external technology intelligence through search engine,
patent and publication databases to see whether the similar
ideas of solutions/ applications/ services/ technologies were
advanced by someone (i.e. competitor). If similar idea is
found, the detail of the similar idea is collected for validation
purpose. On the completion of the outside-in roadmapping,
the results of external technology intelligence are generated
for the validation of the first inside-out roadmap.

Follow-up discussion is subsequently conducted in two

+ Information extraction

+ Face-to-face discussion
+ Brainstorming

+ Information retrieval
+ Information extraction
+ Keyword search

+ Face-to-face discussion

Face-to-face discussion
Information retrieval
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* Generate the first inside-out
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of the first inside-out roadmap

« Finalize the firstinside-out roadmap

parts i.e. (a) validation of the first inside-out roadmap using
face-to-face discussion according to the results generated by
outside-in roadmapping, and (b) the development of
awareness of technological threats and opportunities. For
example, the company anticipates a certain solution
appearing in the medium term, but their competitors already
introduce similar solution in earlier time, the company may
then adjust their technology development strategy. The last
but not the least, a valid inside-out roadmap is completed
which is used to develop strategic plans and assign resources
for technology development and acquisition.

III. TRIAL IMPLEMENTATION AND CASE STUDY

To realize the capability of the hybrid roadmapping
method (HRMM), a case study was conducted in an
Information and Communication Technology (ICT) company
in Hong Kong. A target company called Hong Kong RFID
Limited (HK-RFID). Since its establishment in 2004,
HK-RFID becomes a leading Radio Frequency Identification
(RFID) solution provider with headquarter in Hong Kong
which mainly provides RFID solutions and consultancy
services for efficiency enhancement and location tracking
technologies of assets (i.e. luxury and important assets)
reaching out to the clients worldwide.

In 2005, HK-RFID was an incubatee of Hong Kong
Science and Technology Park’s Incu-Tech Programme and
graduated in 2008. HK-RFID is also hardware provider that
possesses R&D and production capabilities to design and
manufacture of RFID hardware and wireless system, such as
tags and readers (i.e. passive and active) for applying in
various  industries (e.g.  environmental = monitoring,
anti-counterfeit, visitor counter). Most of their clients are
business-to-business (B2B) clients in various sectors such as
Government, public sector and financial service sector, etc.
Representative clients include the Commerce and Economic
Development Bureau as well as Hong Kong Housing
Authority (HA) of the Government of the Hong Kong Special
Administrative Region (HKSAR), Hong Kong Mass Transit
Railway (MTR) Corporation, Hong Kong Convention and
Exhibition Centre (HKCEC), Hong Kong and Shanghai
Banking Corporation Limited (HSBC), Sino Land Company
Limited, etc.. Milestones of the development of the HKRFID
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are shown in Fig. 5 (adopted from [20]).
HK-RFID is currently using the method of brainstorming
to generate ideas about the future market, application and
technology for strategic planning during the regular meeting.
Encouraging by top management, the regular meeting is
conducted within the company and involves a variety of
employees from different departments such as business, sales
and marketing, R&D, engineering, production and
manufacturing, etc.. Even though taking much effort to
generating ideas for future development plan, they are still
facing several challenges which are summarized as follows:
(1) Lack of time-effective and systematic tool to plan the
long-term corporate development

(i1) Hard to keep balance of commercial and technological
functions

(iii) Lack of quantitative measures for evaluating the
performance of roadmap’s outcomes

In summary, background description of the target
organization provides a clear illustration of their existing
method for strategic planning for dealing with the challenges
in technology forecast and assessment. This case study is
used to demonstrate the capability of the hybrid roadmapping
method for technology forecasting and assessment so as to
assist the target organization to develop the inside-out
roadmap of technology development (i.e. RFID technology)
out to 10-year horizon (i.e. 2013 — 2023).

IV. RESULT AND DISCUSSION
In the section, the result of the case study is presented and
discussed. During the preliminary discussion, the proposed

methodology of hybrid roadmapping was presented to the
organization. According to the needs of the target

f - HKICT Award 2007 ** ]

organization, an inside-out roadmap of technology
development of RFID out to 10-year horizon (i.e. 2013 —
2023) was developed in the study based on the proposed
methodology. The framework of the roadmap was designed
and developed which consists of three major elements in row,
such as (a) trend and driver, (b) application and (c)
technology.

According to the element trend and driver, internal
corporate development with micro view and external
environment with the macro view were identified as trends
and drivers of business and market, respectively. On the basis
of the company business solutions, three significant
applications were chosen for technology forecasting and
assessment, such as Healthcare Management, Location
Tracking and Physical Assets Management (PAM). In the
technology layer, four core technologies were identified
including identification technology, sensor technology,
communication technology and security technology which
are most influential to these application areas in the whole
period between 2013 and 2023.

For well preparation of inside-out roadmapping, the
published company information was collected to better
understand the company background and business strategy in
short and medium terms, such as company website, company
catalog, press release and interview scripts were released by
media (i.e. newspaper, TV program). A preliminary inside-out
roadmap was generated by the primary data analysis
according to the information elicited in the preliminary
discussion and published company information as shown in
Fig. 6. A brief description of preliminary inside-out roadmap
was delivered at the beginning of the inside-out roadmapping.
Afterward all the captured information which was put on the
preliminary inside-out roadmap was validated and confirmed
by the company representative.

- Sensor P2P network solution launched

(- Grand Opening in Hong Keng Science Park for new office
- HKICT Gold & Grand Award 2011 **

ﬂFirst Xapphire™ JMS Developed
= HKAI 2006, Technological Achievement *

f’- Awarded Shanghai World Expo 2010 HKUBPA Project ***
- Awarded Caring Company 2010/2011

(- Shell LiveWire Award 20(}5J

- Science Park Incubation

- First RFID System for Construction Developed

ﬂGramed SERAP-Technopreneur Fund 2009
- HKAI 2009, Technolegical Achievement *

- Hong Kong RFID Ltd. Establlshed) (

- Incubation graduated, STEP Program launched
- Self-developed EmpressTM 2.4GHz Reader Launched

* Hong Kong Awards for Industries (HKAI)
** Hong Kong Information and Communication Technology (HKICT)
*** HKUBPA- Hong Kong Urban Best Practice Area (HKUBPA)

Fig. 5 Milestones of Hong Kong RFID Limited (HK-RFID) (adopted from [20])
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On the basis of the preliminary inside-out roadmap,
inside-out roadmapping was then conducted using group
discussion in inside-out perspective. Three major elements
including trend and driver, application and technology were
discussed in short, medium and long terms, respectively.
Afterward the first inside-in roadmap of future technological
development of RFID out to 10-year horizon was developed
based on the proposed methodology, as illustrated in Fig. 7.

Outside-in roadmapping was a validation stage for
evaluating the credibility of the first inside-out roadmap by

secondary data analysis. Two examples of validations were
demonstrated in the following sections. It is recalled that due
to the restriction from sensor vendors, the company was not
willing to further develop the RFID solution of healthcare
management without very strong market demand, but they
anticipated that the RFID solution for heartbeat and blood
pressure monitoring of the elderly and the disabled will be
developed and implemented in the medium term between
2018 and 2019 due to the future ageing population in Hong
Kong.

Fig. 6 Preliminary inside-out roadmap
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Fig. 7 The first inside-out roadmap
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By conducting the secondary data analysis, reference [30]
developed the similar RFID solution for wireless heartbeat
monitoring. While the outdoor wireless healthcare monitoring
with RFID-enhanced video sensor networks was also
developed [2]. According to the above validation of
secondary data, the solution for heartbeat and blood pressure
monitoring of the elderly was suggested to develop and
implement in the short term, instead of medium term as
illustrated in Fig. 8.

Another example was about the solution of location
tracking in supermarket. By applying mobile technology (i.e.
mobile device), scanning the product information and settling
payment during the shopping were proposed to implement at
Toenisvorst in western Germany, respectively [9], [6]. As
shown in Fig. 9, it is a reason why the solution of location
tracking in supermarket was suggested to develop and
implement in the short term, instead of medium term.

In summary, the company expressed that the results of the
study were useful and practical for the companies to provide
fresh insights for strategic innovation and technology
planning in inside-out and outside-in perspectives. This new
approach also combined their common practices of
discussion methods such as brainstorming, face-to-face
interview and group discussion so that they made less effort
to adapt the new approach, but can integrate all of the work
done into this single-page and visual technology roadmap
through this systematic process. Especially, the results of the
validation provided a quick view on what others were already
done and vice versa and they may initiate the follow up
actions effectively after the completion of the roadmapping.

V. CONCLUSIONS

More technology intensive companies are increasingly
paying attention to assess the possible future technology
trends, identify the impacts of the changes in technology and
market needs, in terms of potential threats and opportunities,
especially for disruptive technologies and markets. In this
paper, a hybrid roadmapping method (HRMM) is proposed
which attempts to incorporate inside-out and outside-in
perspectives for technology forecasting and assessment which
provides companies with fresh insights for strategic
innovation and technology planning. The HRMM is

composed of four main steps including preliminary
discussion, inside-out roadmapping, outside-out roadmapping
and follow-up discussion, respectively. By leveraging the
secondary and primary data analysis, the outside-in approach
aims at addressing external trend and drivers landscape in the
preliminary discussion, and evaluating the credibility of
roadmap’s outcomes in the outside-in roadmapping and
follow-up discussion whereas the inside-out approach is
concerned with striking a good balance between strategy
planning and technology development in the implemention of
the corporate strategy. The HRMM was trial implemented in
an Information and Communication Technology (ICT)
company to demonstrate the capability of the HRMM. By
adopting the HRMM, the roadmap of technology
development (i.e. RFID technology) out to 10-year horizon
(i.e. 2013 — 2023) was generated for strategic innovation and
technology planning in inside-out and outside-in perspectives.
Moreover, the results of external technology intelligence are
also generated for evaluating the performance of the
roadmap.

As compared with the existing method they used, the
company made positive comment about the proposed
methodology which is relatively effective and ease-to-use.
Moreover, it not only allows the company to externalize their
insight of future for strategic innovation and technology
planning as a one-off task, but also encourages them to keep
updating of the roadmap in the future. The development of
the HRMM not only saves time and staffing but also enables
an organization to keep pace with the knowledge cycle in
technology innovation and development. This is particularly
important when technology intensive enterprise attempts to
manage R&D activities and strategic planning for technology
management.

For future work, the proposed methodology should be
evaluated on a large number of technology-intensive
companies to verify the performance. The roadmapping may
be recommended to be conducted within the company and
involve a variety of employees, rather than a representative of
the company. The proposed potential respondents include
individual, teams, and departments, instead of the company
as a whole. Furthermore, various technology management
techniques (i.e. PEST, SWOT analysis) may be also taken

|2013 Short Term 2018]2019 Medium Term 2023
Health The Elderly: i The Elderly: ,
ealthcare Monitoring of Heartbeat, | Monitoring of Heartbeat, !
Management|| 5,4 pressure ' Blood Pressure i
_______________ 4
Fig. 8 Example of validation for solution in Healthcare Management
2013 Short Term 2018|2019 Medium Term 2023
r-- -~ °=-T========°7° Rl
Locati Supermarket: 1 Supermarket:
CANOM | Sean the products to check | Scan the products to check

Tracking|| infommation or paving money

1
1
!
' ) . 1
. information or paying money |
e cccccccee e - - d4

Fig. 9 Example of validation for solution in Location Tracking
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into consideration to combine with technology roadmapping

for

technology forecasting and assessment to assist the

companies to explore business opportunities for innovating
technology via the proposed methodology.
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