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the American Competitiveness Initiative. The California Innovation Corridor was originally
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talent development. This report is a major component of our integrated innovation and talent
development efforts designed to create a globally competitive workforce capable of driving
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Engineering, Technology and Math) and interdisciplinary education and workforce
development, as well as innovation to sustain U. S. global competitiveness supporting
national and economic security.

This Interdisciplinary Innovation Study, part of CSA’s implementation of the U.S.
Department of Labor (DOL) Workforce Innovation in Regional Economic Development
(WIRED) California Innovation Corridor (CIC) program, aligned with the strategic objective
to characterize and foster innovation, along with STEM education and workforce
development efforts.

This project developed a model to study innovation and its drivers, incorporated the project
into the UC Riverside MBA program creating teams of interdisciplinary PhD. science and
engineering candidates and MBA students, allowing all to understand the new product
development and introduction process. Teams presented to angel and venture capitalists and
one team was invited to formally apply for funding, We hope to be able to continue the work,
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Some key findings were that interdisciplinary skills are important, and that early
collaboration with the market and customers, often with shared investment, are key to
innovation success.

Similar findings concerning early collaboration, interdisciplinary skills sets and evolving new
business models were found in other WIRED CIC projects including:

e 21" Century Worker Profiles focused on advanced manufacturing technicians,
management and executive levels of the biotechnology and life sciences industry,
including discrete, process and nano companies. This study indicated that there are ad
hoc university programs addressing integrated technical and business knowledge, but
they are few, with little institutionalization of these programs.
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e The Smart Supplier Transformation project focused on characterizing the current
California supplier base and identification of common requirements for successful
21% century global supplier network.

e 21" Century Skills Analysis data driven and aligned with the Economic Strategy
Panel Industry Cluster analysis, focused on high tech high wage industries and
occupation requirements.
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communicate key innovation enablers throughout the workforce and education development
system.
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California Space Authority
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1. Summary

The mission of Task 1.5 was to build an understanding of how California companies encourage
innovation and profit from it, and how academic institutions can better-prepare graduates to
succeed in an innovation-driven environment. The role of the University of California, Riverside,
in Task 1.5 was to develop an action research model by which student-faculty teams were to
conduct multiple site visits with a variety of companies in the California Innovation Corridor to
learn about their approaches to innovation. With this information, UCR was to determine
important elements of innovation and identify ways of building them into the educational
experience, particularly for graduate students in UCR’s Bourns College of Engineering (BCOE).
The task also called for UCR to disseminate results through workshops.

UCR’s research identified skill sets that innovative California companies consider to be
important in engineering and business employees. Broadly, key needs, particularly for technical
employees, are:

e Good technical research skills.

e The ability to communicate effectively, within the organization, with upper levels of
management, with peers, with regulators, and with the public.

e Managerial skills, including the ability to delegate work, organize teams, and follow up.

e Knowledge about the regulatory and economic environment in which the organization
works.

e A good grasp of ethics.

e The ability to work in teams.
Section 5 of this report discusses these needs.
UCR also identified numerous means to build these tasks into the engineering educational
experience. Because the course load for engineering students is already substantial, we
emphasized opportunities to build skills without changing — or, in particular, adding — curriculum
requirements. Concepts that merit further exploration at UCR and other collegiate programs
include the following (Section 6 expands on these ideas):

e Integrating innovation into new undergraduate breadth requirements.

e Master of Engineering program.

¢ Expanding the Teaching Assistant Development Program.

e Expanding programs required under the America COMPETES Act.

e Weekend business “boot camp” for engineering students.

¢ Broadening weekly graduate seminar series.

e Technical writing course.
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e Continue the site visits.

e Internships.

The site visits indicated that corporate R&D activities contribute incremental improvements to
existing product lines but are less involved in developing disruptive innovation. Many of the
interviewees turned to other firms in their networks for this kind of developmental research, but
few were involved directly with academic institutional research labs for either short-term or
long-term R&D.

While much of the workforce training happens on the job, it appears that hiring criteria are
designed to attract candidates with appropriate qualifications and training who would be
operational immediately. Again, the interviews found few links with higher level educational
institutions to assist with determining what kind of entering operational skill sets would be
considered essential for priority hiring. Whatever links do exist are not with the core academic
units such as Engineering and Business.

UCR conducted an on-line survey to validate the data collected in the 23 site visits. The survey
collected 106 on-line responses; in general they corroborated what we learned from the site
visits. We wish to emphasize, however, that the results have not been validated against more
statistically rigorous studies of U.S. companies, and we caution against treating the results as
statistically valid.

Important to the overall project and the manner in which it was conducted is the unique
opportunity this study provided for students from very different disciplines to work together on a
quality field research project. The Engineering Ph.D. candidates and the Business MBA
candidates brought different insights and perspectives to the general understanding of innovation,
business culture, and research design. The value of the formal and informal exchange which
resulted during the course of the project already has been reported by companies which have
hired the recent project graduates.
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2. Project Overview

A. Objective of Task 1.5 and Performance Metrics

The objective of Task 1.5 was to facilitate transformation of the industrial and academic
innovation enterprise by building an understanding of effective practices for how innovation is
encouraged and commercialized. The California Space Authority established a series of goals
and metrics for measuring the extent to which the objective of Task 1.5 was being realized. Table
2-1 lists the stated goals and summarizes the UCR deliverables and metrics pertinent to each.

Table 2-1. Task 1.5 goals and deliverables/outcomes, as set forth by the California Space Authority

(2007-2008).

Project Goals*

Deliverable/Outcome

Action Research model to engage
professors and students in
exploration of innovation/
entrepreneurship with goal of
transforming academic
understanding.

The approach to the task has been modified to involve a larger
number of shorter visits. This has been well documented during
the course of the project. As agreed upon from the outset, we
will not report the names of these companies to avoid disclosure
of anything that might impair competitive advantages or
approaches.

Literature review of best practices in
technology transfer.

An annotated bibliography has been under development
throughout the project. This has been delivered to the California
Space Authority for posting on the Innovate California web site,
and it is included here as Appendix 1.

Multi-day site visits, tours,
consultations, and interviews with
businesses.

Twenty-three site visits have been conducted.

Identification of key elements of how
innovation is fostered and
commercialized in real world
corporations.

UCR developed a standardized template for the site visit
interviews to enable comparison of answers from different
companies. The site visit teams did not merely read from the
guestionnaire; they conducted interviews. After each visit, every
team member filled in the questionnaire based on his or her
notes. This resulted in multiple questionnaires per visit. The
analytical team them sorted the questionnaires to identify key
elements of how innovation is fostered and commercialized.

Summary reports of the site visits.

See previous item.

Student/faculty practicum with
presentation of key learning.

We have conducted student-to-student sessions in which
business students work with engineering students on
presentation skills (written and oral). We have had sessions with
faculty to collect lessons learned and ideas about how to
incorporate innovative/entrepreneurial thinking into the graduate
experience.

Reporting/dissemination of findings.

A preliminary, high-level review of the project was presented at
the TechHorizons conference in May 2008.

This task was part of an extensive program of activities supported under the WIRED California
Innovation Corridor project (Table 2-2). UCR participated informally in various aspects of other
tasks, notably the talent develop activities of Task 3 and some of the supply chain and logistics
aspects of Task 2.
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Table 2-2. Task 1.5 in the context of the California Innovation Corridor mission.

Innovation Support — “Create new companies and high-skill, high-wage jobs by designing a replicable
and sustainable “innovation support architecture” to increase innovation and entrepreneurship”
e Creation of an Economic Development Toolkit
o Develop 21st Century Job Profiles to define future workforce skills and needs
e Compilation of an Innovation Asset Inventory to foster innovation and entrepreneurship
e Support of entrepreneurial companies, including SBIR Phase Il awardees, to identify best
practices that lead to commercialization
e A pilot program set to identify and replicate an existing successful model of technology transfer
from a university to the business community
o |dentification of a new model for student payload rideshare on military space lift
e Establish a WIB toolkit for support of entrepreneurial companies

Industrial Rejuvenation — “Improve the international competitiveness of the region’s supply chain by
developing and executing a “Smart Supplier Strategy” that supports manufacturers, small businesses and
entrepreneurs in adapting to the global manufacturing transformation”

o |dentification of high priority supplier training needs through surveys, forums and industry input

e Characterization of “Smart Supplier” competitiveness skills

e Build a “Smart Supplier” resource for providers within the Corridor

e Development of an industry-driven community college Manufacturing Technician Training

Program

Talent Development — “Accelerate development of a highly skilled 21st Century talent pool by creating

pilot projects and activities capable of supporting a continuum of math, science and engineering

education (K-U), and lifelong learning relevant to the 21st Century worker.”
e Compilation of a Corporation Workforce Skills Analysis
e Unifying a Space Employer/University Consortium
e Advancing space related experiential university internships and mentoring programs
e Develop and execute an outreach of systems engineering training programs throughout the

Corridor

Organize the development of a statewide STEM education collaborative action plan

e Creation and implementation of science and math middle and high school teachers institutes

e Originate an industry-driven training program to retrain dislocated software specialists for space
related computer science technician work

e Orientation of university and graduate advisors to innovation-oriented acumen through the
establishment of an industry mentorship link

e Advancing the Troops To Teachers recruitment and accelerated credentialing of math/science
teachers

e Establish a model university and high school mentoring program

e Foster a community college industrial technology-based degree in Mechatronics

e Produce real-world curriculum for educator conferences focused on STEM education and space
science

o Develop a virtual web-based participatory “California Space Education Center” using interactive
and community building Internet technology

e Building a Learning Collaboratory of training and best practices on innovative approaches to
partnerships in support of an innovation ecosystem
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B. Evolution of the Task Plan

The original plan for Task 1.5 called for two to three company visits per year, each lasting 6-10
weeks and involving multiple professors and graduate students. This proved to be impractical:
Few companies were willing to accommodate such large groups for such long periods, and
professors and graduate students were reluctant to relocate and disengage from their teaching and
research for extended periods. With approval of the California Space Authority, the approach to
Task 1.5 was revised to involve shorter visits, of half a day to a day each, with a larger number
of companies.

Benefits of this approach included the ability to involve more professors and students in site
visits, and the ability to compare and contrast different companies’ approaches by the use of a
standardized format for compiling and analyzing the companies’ answers to our questions.
Section 4 discusses the selection of companies and our approach to collecting and analyzing
information. Eighteen engineering faculty members and forty-two graduate students from
Engineering and Business participated in some phase of the overall project. Twenty-three site
visits were conducted from March 2007 through June 2008 using cross-disciplinary teams of
these students and faculty members. The typical team consisted of at least one engineering
faculty member, two engineering graduate students and one to two business school graduate
students.

Originally, the task plan called for each site visit team to include participants from UCR and
from Stanford University. For numerous logistical reasons, eventually it was agreed that Stanford
would not participate in the site visits. This report discusses only UCR’s activities in Task 1.5.

3. Literature Review

A. Definitions of Innovation

Before we could go out in search of innovation, we needed a working definition of the term. This
definition had to work in the context of the project, which the California Space Authority’s
Christine Purcell articulated at the 2007 TechHorizons conference at UC Riverside (Table 3-1).

Table 3-1. Context for defining innovation (from presentation by Christine Purcell and Judy Turner,
California Space Authority, at UCR, May 16, 2007).

e Established Need
-- Entrepreneurship seriously under potential.
-- Wealth of world-class innovation assets.
-- No area within the Corridor in the top 25 of Regional Entrepreneur Index.

e Staggering Manufacturing Job Loss
-- Manufacturing still the largest in the U.S., but job loss between 1990 and 2004 = 438,500 jobs.
-- Jobs retained still at risk due to globalization.

e Inadequate Technical Workforce to Meet Needs
-- Graying of scientists, engineers.
-- Universities not attracting enough technical students.
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A report commissioned by the U.S. Small Business Administration identified keys to regional
economic growth as entrepreneurship (new companies and growth in existing companies) and
innovation (as evidenced, but not defined, by the number of patents, the amount of research and
development activity, and the number of high-tech companies in a given region) (SBA, 2005).

In that context, we found several salient definitions of innovation:

e The National Council on Competitiveness:
Innovation is “the intersection of invention and insight, leading to the creation of social and
economic value.” Innovate America: National Innovation Initiative Report. ISBN 1-889866-20-2
(2004)

e Andrew and Sirkin (2006):
Innovation is “the entire process of developing ideas with the goal of achieving payback.” The
“four S’s” of the business process of innovation are start-up, speed, scale, and support costs;
controlling them controls the impact of innovation. Payback: Reaping the Rewards of
Innovation.

e The National Science Foundation Innovation & Discovery Workshop:

“Creativity involves the introduction of new variables, significant leaps, and novel connections.
A subset of creativity, innovation, involves the creation of a new idea but also involves its
implementation, adoption, and transfer. Innovation and discovery transform insight and
technology into novel products, processes, and services that create value for stakeholders and
society. Innovations and discoveries are the tangible outcomes. Creativity is needed to produce
these outcomes. Innovation and discovery processes should be formal processes that harness
creativity to those ends.” Final Report from the NSF Innovation and Discovery Workshop: The
Scientific Basis of Individual and Team Innovation and Discovery, NSF Report 07-25 (2007)

e Peter F. Drucker
Innovation is “change that creates a new dimension of performance.”

e Christine Cope Pence (the working definition for this project)
Innovation is the vortex of successful business where strategic capability, competence, process,
and design converge to provide significant, measurable, long term value to validated
stakeholders.

We also explored the European Community Innovation Survey (CIS) definitions and
methodology. The CIS does extensive surveying of European companies regarding innovation.
Although the scope of our site visits and surveying would be much less, we thought it could be
useful to be able to compare our findings in California with the results from European studies.
Ultimately, however, the CIS framework turned out to be too extensive and cumbersome for us
to apply. Table 3-2 shows key elements of the CIS.
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Table 3-2. Key aspects of the European Community Innovation Survey.

o Sufficient and high-quality human resources.

¢ A strong public research base with strong links to industry.

¢ Entrepreneurship for and through R&D.

o Effective adaptation and use of intellectual property rights systems.

e Research- and innovative-friendly regulators.

e A competitive environment and supportive competition rules.

e Supportive financial markets covering the various stage of development of high-tech and other
innovative companies.

e Macro-economic stability and favorable fiscal conditions.

B. Literature Review

In order to develop the innovation model (see Figure 4-1 in Section 4), a review of existing
research was conducted on several key topics including innovation, technology development and
transfer, regional clustering, regional innovation metrics, innovation management and innovation
frameworks.

Several academic journals were identified as being important sources of research information
including:

1. Creativity and Innovation Management
http://www3.interscience.wiley.com/journal/117967113/home

2. |EEE Transactions on Engineering Management
IEEE Engineering Management Society
http://ieeexplore.ieee.org/xpl/Recentlssue.jsp?punumber=17

3. International Journal of Innovation Management
http://www.worldscinet.com/cgi-bin/details.cgi?id=voliss:ijim_0702&type=toc

4. Journal of Engineering & Technology Management
http://www.elsevier.com/wps/find/journaldescription.cws_home/505648/description#

description

5. Journal of Operations Management
http://www.sciencedirect.com/science/journal/02726963

6. Journal of Product Innovation Management
http://www3.interscience.wiley.com/journal/118487224/home

7. Journal of Technology Transfer
http://springerlink.metapress.com/content/104998/

8. R&D Management
http://www3.interscience.wiley.com/journal/118510592/home

9. Research Policy
http://www.sciencedirect.com/science/journal/00487333

10. Technology Analysis and Strategic Management
http://www.informaworld.com/smpp/title~content=t713447357~db=all
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Two key reports which were central to the determination of appropriate innovation metrics were:

1. Camp, S.M. (2005). The innovation-entrepreneurship NEXUS a national assessment of
entrepreneurship and regional economic growth and development. Washington, D.C.:
SBA Office of Advocacy. http://purl.access.gpo.gov/GPO/LPS95743.

2. Atkinson, R.D., and Correa, D.K. (2007). The 2007 state new economy index:
Benchmarking economic transformation in the states. The Information Technology and
Innovation Foundation. Retrieved April 6, 2007 from
http://www.itif.org/index.php?id=30

In the first study, measurement drivers of regional growth (entrepreneurship and innovation)
indicated that no sub-region within the California Innovation Corridor’s thirteen counties was
ranked within the top twenty-five most entrepreneurial regions of the country. These regional
measurements included number of new firms, number of growing firms, number of patents,
amount invested in R&D, and number of high-tech industries. In the second study, twenty-six
factors were identified which were indicators of state economies which were prepared for
economic success. These measures evaluated each state economy according to knowledge jobs,
globalization, economic dynamism, transformation to a digital economy, and technological
innovation capacity. It concluded that California had dropped three places from number two in
1999 to number five in 2007.

Regional industrial clustering has been of interest to researchers who assist with policy making,
and to government leaders (Council on Competitiveness, 2005; Ketels, 2003). Ketels presents a
good framework for determining and evaluating cluster development and provides substantial
understanding of the economic effects of good regional alliances.

As our project focuses on firm-level innovation, we chose to look at the innovation process as a
systems analysis and thus depended upon research related to firm level strategy. Schilling (2007)
provides a good overview of the important factors we needed to consider in determining our
firm-level model of innovation. Also, Dorf and Byers (2006) was useful for identifying the
appropriate factors we needed to evaluate across the firm. Our first qualitative interview template
evolved from an analysis of these two books plus David (2006), and Murray (2000).

Lastly, we found several articles of interest as that of Muller et al. (2005), which investigated
internal innovation metrics such. At an OCTANe (Orange County Technology Action Network)
meeting, we had the opportunity to hear Shelton speak on his innovation consulting (Davila et
al., 2006). This practitioners’ approach to the subject helped us to look at innovation within the
firm more broadly than just from the research lab/product perspective.
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4. Research Approach

A. Determining the Important Elements of Innovation

By defining innovation as “the vortex of successful business where strategic capability,
competence, process, and design converge to provide significant, measurable, long-term value to
validated stakeholders,” we set the framework for identifying and evaluating innovation within
our target market of technologically oriented California based businesses. The initial literature
review led us to the conclusion that we needed to model firm innovation in terms of both product
and process, if we were to understand what factors might encourage innovation. Looking at
innovation from a systems thinking perspective, we identified five major subsets process systems
within the firm which interacted with each other around innovation product and process:

Idea Generation process (company culture, encouragement, reward system).
Decision Making process.

Financing and Budgeting process.

Innovation Development process (including IP protection).

A

Production and Outsourcing processes.

Figure 4-1 illustrates the decision relationships amongst the product and process systems.
B. Selection of Companies for Interview

Figure 4-2 shows the California Innovation Corridor, the region that the WIRED project focused
on. Within this region, UCR contacted companies involved in a number of technology-based
industries: semiconductors, communications, databases entertainment, industrial manufacturing,
aerospace, and biotechnology. We had envisioned targeting clusters of companies in industries to
get a perspective on the variations in approaches within a single industry, and among large and
small companies. However, logistical considerations made it difficult to target sufficient
numbers of companies in any given industry.

By agreement with the site visit companies (and with the assent of the California Space
Authority), UCR promised anonymity to the companies that were visited. This was intended to
make the companies more willing to talk openly about their approaches; they would not have to
worry about competitors being able to identify key practices or elements of their competitive
strategies. Only one company asked for us to enter into a non-disclosure agreement before the
site visit. We asked all participating companies to think of the site visit team like a news reporter:
Don’t say things that you wouldn’t want to see in print.
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California Innovation Corridor

Figure 4-2. Map of the California Innovation Corridor.

Physically, five of the twenty-three site visits were conducted in businesses based in the Bay
Area in Northern California while the remaining eighteen were spread across Southern California
in Los Angeles Orange Counties, the Inland Empire, and the wider San Diego County area. As
illustrated in Figure 4-3, companies visited represented all sizes from smaller start up businesses
to very large established businesses.

Company Site Visits
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Figure 4-3. Company site visit demographics.
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Prior to the site visits, preliminary background information was collected and stored for further
evaluation. This information later was coded and integrated with the results from the qualitative
interviews (Appendices 2 and 3). Figure 5-3 illustrates the relationship between the pre-interview
background information collected.

Company Selection Process

Location

Size N

Relationship_

No. Patents _
SoCal Industry .
Companias -

Revenue 3

~

List of all Separate Lists of Filter with Updatedlist || 360° study of l{ Finallistof

California ™ NorCaland SoCal = combination of = theselected — comg
Companies Companies of constraints | companies companies to Int

Figure 4-4. Site visit company selection process.

C. Questionnaire

The initial questionnaire was designed as a qualitative interview research instrument to help
guide the discussions in directions which corresponded to our model of the firm and its
product/process innovation system. As everyone seems to have an opinion about innovation, its
definition, its inhibitors, its enablers and its current status in the firm and economy, we wanted to
get specific answers from these site visits which would permit us to make our own judgments
based upon our modeling rather than just the recording of general “cocktail hour” comments.

The objective of the qualitative interviews was to collect information on the business and its
decision making processes. Five processes were identified as being central to decision making:

Company Culture and Reward process
Market and Financial process
Manufacturing and Production process
Human Resource process

Innovative process

12
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360° Company Analysis

Outsource Company

Companies
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Alliances

Local
Government

Research
labs/Universities

Financial Institutions
(e.g. Angels,
ventures, banks)

Figure 4-5. Qualitative questionnaire information framework.

As illustrated in Figure 4-5, the interview objective was to understand the company from a
systems perspective. We investigated internal and external stakeholder relationships and their
potential relationship to the firm’s approach to innovation.

The WIRED Innovation Study Interviews Questionnaire template (Appendix 3) was designed to
guide the qualitative interviewers in their on-site interviews. The questionnaire was not
distributed to the interviewees, but rather served as a guide to assist the goal of achieving a
maximum of exchange in a short period of interview face time. In total, forty-nine questions
reflect the pre-programmed expected response alternatives. This permitted rapid tabulation of
interview data-comments in that many of the possible response alternatives had been pre-
identified.

D. Qualitative Interviews

Teams consisting of at least two Ph.D. Engineering candidates, one MBA candidate, and one
Engineering faculty member were pre-assigned the task of conducting the on-site qualitative
interview at the company’s California based location. These multidisciplinary teams prepared
their site visits first by reviewing the pre-survey template results and then by determining ahead
of time the areas of responsibility for collecting and recording data. This permitted the maximum
accumulation of interviewee potential responses as each interviewer was prepared to cover a
specific set of directed questions. Additionally, this approach permitted the interviewers to meet
one another and to discuss a priori the company and expectations from the visit. As the different
disciplines represented had different educational knowledge, the cross fertilization of the team
with these respective disciplines assured as best possible a positive experience in terms of data
collection from the interview. Though maximum efforts were made to have at least three
company representatives available for the interview (one from a strategic management area, one
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from marketing, and one from research and/or production), in the end, each interview was a
unique experience and rarely were the experiences the same from company to company.

E. Recording Results

Upon completion of the interview, each participant prepared a two-page document of lessons
learned: personal lessons, questionnaire improvement suggestions; additions/improvements of
conclusions regarding innovation. Additionally, the team completed the Questionnaire Template
(Appendix 3) which then was coded for data entry into our WIRED Project database in the SPSS
(Statistical Package for Social Sciences). A Microsoft Access database also was populated with
the completed pre-survey template data and additional NAICS information (North American
Industry Classification System).

Regularly scheduled WIRED Project team meetings permitted the exchange of individual site
visit learning and opened the discussion regarding eventual improvements in both the model and
the questionnaire used to elicit data collection. The two-page documents of lessons learned were
evaluated by one of the MBA candidates, a practicing human resource manager, to identify
common threads useful for improving the current academic experience in light of industry
expectations (Appendix 4).

F. Online Questionnaire

As the site visit analyses progressed, it became clear that the model needed slight adjustments
and that further data collection was necessary in order to perfect the model. As additional site
visits were difficult to coordinate in the limited time remaining on the project, it was felt that
even preliminary information from an online questionnaire would be useful to the evaluation of
the site visit data. A revised questionnaire was prepared and placed online 11 July 2008 with the
last recorded data entry before closure on 18 September 2008 (Appendix 5). This online survey
provided additional company feedback from 106 companies separate from those we had
interviewed. Respondents represented those to whom we had sent targeted requests as well as
those who had been contacted by other WIRED partners. Again, the respondent pool was small,
but it added additional data to help us understand our preliminary site visit results.
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5. Research Findings

A. Significant Elements of Innovation in California Companies

Returning to our Innovation Model as described in Section 4, five processes were identified as
being central to decision making:

Company Culture and Reward process.
Market and Financial process.
Manufacturing and Production process.
Human Resource process.

Innovative process.

After running correlation tests on nineteen of the qualitative interviews (four site visit results
were rejected due to inadequate information), we made the following observations:

Company Culture and Reward process:

The reward system is an effective parameter for innovation. It primarily comes in the form of
monetary reward and/or promotion for the team/group achievements.

Rewards for innovation through promotion and monetary incentives encourage more
innovative products which assist in differentiating the company from its competitors.

Encouraging employees by formal rewards, such as monetary reward and promotion,
affects robust intellectual property (e.g. patents), in a positive manner, which in turn aids
in maintaining competitive industrial advantage.

Innovative products and robust intellectual property, e.g. patents, directly contribute to a
company’s profitability and cost effectiveness. This further differentiates the company
from the competitors.

Rewards for learning enhance the innovative environment, spurring fresh ideas and
market leading products differentiating the company from its competitors.

Generally, the board of advisors makes the final decision on innovation projects, with the
major considerations being project performance, and resultant profitability.

The Market and Financial process:

The market/customer determines the need for new products. The financial health of the company
affects its ability to fund R&D efforts as well as to meet stakeholder demands.

Annual operating budget allocations for R&D favor departments that play dominate roles
in the development of the companies’ products.

The increase or decrease in annual allotments is directly tied to the products being
created, and their subsequent performance.
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The Manufacturing and Production process:

Hiring and outsourcing decisions are determinants of innovation.
e Companies develop their R&D by outsourcing or collaboration with research institutes,
universities or other companies.

e The main reason for outsourcing outside California is labor compensation, investment
opportunities (in the form of tax incentives) and collaboration with experts.

e Quality norms (industry standards which define ranges of tolerability) are used mostly
because of consumer expectations. Norms neither hinder nor bolster the innovation
process.

e The desired outcome of R&D could be a new product, new process or improvement on
existing process. The criteria to measure the innovation of the process are financial
profitability and sales growth.

e Mostly, the reason for the companies not to outsource is it could be too costly or time
consuming.

e The most common type of outsourcing is done for manufacturing in which cheap labor
costs can be procured from other countries.

The Human Resource process:

Hiring decisions affect the innovation process.
e Hiring decisions are initiated by people in the HR department and people in the company
who are qualified with an MBA in HR.
e Hiring decisions are predominantly made by the departments in need, be it HR or R&D.

e The key people involved in innovative efforts in R&D are qualified with a Ph.D., M.S,
or B.S. in engineering/sciences.

e Engineers/Scientists are hired based on either the R&D or the HR recommendations.

e People who work as engineers either have a Ph.D., M.S., or B.S. in engineering/
sciences.

e People who work as scientists have Ph.D.s in engineering/sciences.

e Managers are hired based on the recommendations of the company’s executives. People
who work as managers usually have a B.S. or M.S. in business/sciences.

e The finance department provides the budget required to hire the engineers/ managers/
scientists. Hiring may undergo a freeze when the company’s finances are low.
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The Innovative process:

Decisions affect the innovative process including R&D, market positioning, and intellectual
property management.

e The decisions made by the director of R&D will be based on the desired outcomes of the
R&D process, which include improvement of existing products and creation of new
products in which new products are protected through patents acquired with the approval
of the director of R&D.

e Competitive edge is maintained by having robust intellectual property.

e If a product is robust, norms are not required to validate it, but norms will not negatively
affect innovation. The norms are placed so that competitive edge can be obtained.

e A company which obtains intellectual property usually will try to have an exit strategy of
10 or more years to maximize the utilization of that intellectual property; norms would
not get in the way of the maximum utilization of intellectual property.

e Companies that develop R&D internally focus on creating new products or processes and
or improving existing ones based on consumer expectations to gain competitive
advantage. Generally R&D does not use any standard norms, but if norms are used they
would not negatively affect innovation. R&D is protected using patents, trademarks, and
trade secrets.

e  When companies develop R&D by external collaboration with another firm or consortia,
improvement of existing processes is the focus, and patents are used to protect IP.

e When companies develop R&D by collaborating with university labs, they tend to focus
on creating new products and improving existing products to gain competitive
advantage, and IP is protected by patents.

e From an engineer’s perspective or from a manager’s perspective, the goals of developing
R&D are the same: improvement of current products/processes, production of new
products/processes, and protecting of IP. Norms are not seen as a negative influence on
innovation.

Turning now to the online survey, the following preliminary observations seem to contribute
further to the conclusions obtained from the site visits:

Company Culture and Reward process:
e Companies value life-long learning programs. They are willing to pay for them and to

provide time off to participate in them.

e Critical thinking skills are essential for company innovation including the ability and
willingness to ask questions. These skills are rewarded monetarily.

e Ideas are shared and communicated throughout the organization.
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Organizations have formal commitments to include customer views in the decision
making process.

Market and Financial process:

Projects are chosen primarily based upon customer demand.

New hires are recommended by the department that has the need.

Customer demand drives project selection.

The company’s primary competitive advantage lies in the technology and the managerial
expertise.

Customer demand drives innovation.

Two key differentiators among competitors are quality and service.

Companies choose to be the leader of innovation relative to their competitors.

Most companies estimate that they spend more than their competitors on innovation.
There is no relationship between capitalization and innovation.

Companies characterize themselves as ones which identify customer needs first, focus on
incremental improvements to take second mover advantage, and lastly develop new,
radical technologies from internal R%D.

Manufacturing and Production process:

0-5% of the total budget is spent on R&D.

Generally all companies allocate 5% or less of their total budget to R&D.

Spending on R&D in the past 3 years in these companies has changed both in terms of
location and amount.

Norms are important and especially ISO and 6 Sigma.

Norms are necessary because of government contracts and regulations, customer
demand, and overall cost efficiency.

Norms do drive innovation.

The benefits of innovation are measured by customer satisfaction and changes in
revenue.

Companies outsource outside of California to reduce labor compensation and as a way to
penetrate new markets.

Companies are concerned about outsourcers being too far away geographically.
Companies are concerned about safeguarding intellectual property when collaborating
with overseas companies.

Innovative process:

Companies that answered this survey generally had been in business for more than 20
years

In general, outright sale is the preferred exit strategy of the companies studied, with the
time horizon being 4-6 years.

R&D is driven by top management and then by engineering
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e Most R&D is internal to the particular company, with external collaboration with other
first and consortiums next in popularity.

e Only 12% of the companies interviewed said that they actively collaborate with
Universities research labs.

e Primary collaboration partners are within the USA. Of them, 50% are in California.

e External collaborators are used primarily for specialized expertise.

e Innovations which are not commercialized are revisited regularly for potential
application.

e Innovation is protected by patents and trade secrets.

Human Resource process:

e Companies stay in California because of the level of availability of highly educated
professionals.

e Language barriers affect companies’ decisions with regards to outsourcing.

e (California businesses hire primarily from the local region with the exception of
employees with advanced degrees, for which they prefer to hire within the United States
and locally if possible.

B. Analysis of Results for Educational Improvement

Based on the site visits and survey, businesses indicate that the skill sets they demand include the
following:

¢ Functional business knowledge, including basic principles of management, budgeting and
financial analysis, systems analysis, project management, marketing, law as pertains to
intellectual property and contracts.

¢ General political/social/economic awareness of global issues.

e Written and oral communication skills, negotiation skills and organizational skills.

In all cases, field experience is valued.

Additionally, our findings show that industry is reaching externally for its R&D function.
Companies hire from the pool of universities with which they have relations. Industry turns to
these same universities for collaborative work. California is appealing because of the qualified
talent pool available here. Industry maintains its competitive edge because of the quality of
innovation, technology and managerial expertise.

Most relevant to the purpose of Task 1.5 is an analysis of what attributes California companies
look for when hiring technical workers. The “bright lines” running through the site wvisit

Interviews were:

e Good technical research skills.
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The ability to communicate effectively, within the organization, with upper levels of
management, with peers, with regulators, and with the public.

Managerial skills, including the ability to delegate work, organize teams, and follow up.

Knowledge about the regulatory and economic environment in which the organization
works.

A good grasp of ethics.

Ability to work in teams.

These findings correspond well with the results of a study by Fisher et al. (2006), which
summarized the priorities as:

Project management.
Communication and team skills.
Quality management practices.
Ethics.

Economics and financial issues.

We can also think in the context of selected ABET criteria. ABET is the accrediting body for
college engineering programs in the United States. ABET identifies a number of “outcomes” —
skills that every engineering student should have on graduation day. These include:

An ability to function on multi-disciplinary teams.
An understanding of professional and ethical responsibility.
An ability to communicate effectively.

The broad education necessary to understand the impact of engineering solutions in a
global, economic, environmental, and societal context.

Recognition of the need for, and an ability to engage in, life-long learning.

Knowledge of contemporary issues.

The results of our study, therefore, align well with what others have found, and with what the
broader engineering community looks for from the educational system. With the ABET
requirements in particular, virtually every college engineering program in America addresses
these needs to some extent, and measures the extent to which students are absorbing what is
being offered. However, it was clear from our discussions, and from the reactions of engineering
graduate students to what they were hearing from business professionals, that more is needed.
Section 6 discusses UCR’s conceptual plan for enhancing the engineering educational experience
s0 it is more responsive to the needs that we found.
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6. Education Approach

A. Active Learning and Cross-Disciplinary Projects

The WIRED research task provided a unique opportunity for students from cross-functional
disciplines to interact around an important field research project with broad implications for their
future career development. Whether in academic research or industry, it appears that desired
personnel are those who have technical and managerial skill sets. As our results indicated that
industry prefers to hire locally, this opportunity to study local industry was timely for many of
the graduating participants of the WIRED project. For the industrial participants, this was a
fortuitous opportunity to meet future employment candidates under circumstances where their
communication and analytical skills could be evaluated without financial obligation.

Visualizing workplace issues through live case studies was an effective means to communicate
the need for cross disciplinary skill sets. By bringing the two student groups together around this
project, they used the opportunity to share their specific knowledge for the good of the overall
research project. The key was that this was a real field research project with objectives of mutual
interest. In spite of the academic pressure to complete class-related tasks, students found the time
to dedicate toward this project including ancillary field trips, workshops, not for credit class
projects, seminars and conferences. Their participation in this project added an important line
item to their résumés which they were quick to appreciate.

B. Actual Projects

Several active learning projects were implemented (Figure 6-1). These led to the completion of
the overarching WIRED research project.

e In the spring of 2007, Engineering graduate students joined the MBA students in a formal
business class to study innovation and business planning. Through the vehicle of this
class, the initial WIRED project student teams were formed; the initial innovation model
and initial qualitative survey were developed and tested; the initial annotated
bibliography was established; a formal presentation was given at the UCR TechHorizons
conference ; an innovative business plan was developed and presented for an on campus
technology transfer consulting business.

¢ In the spring of 2008, this same class again was offered with new MBA participants and
many returning Engineering participants. Two real businesses were created based upon
engineering lab research results. Students entered an intercollegiate inventor competition,
having developed and filed a priori the patent materials for their inventions. They then
proceeded to create the business and business plan which they presented to the business
community at large at a formal screening. One of the businesses has now gone on to be
funded by the angel investment community and has obtained an NSF SBIR award.

" TechHorizons is an annual conference of the UCR Bourns College of Engineering designed to engage industry
with UCR faculty and students on advanced technologies.

21



Bourns College of Engineering, UC Riverside WIRED Task 1.5 Final Report

In the winter and early spring of 2008, the WIRED students prepared and conducted three
student to student workshops focused on business presentation skills and poster design.
They designed and ran the UCR Tech Horizon Poster Contest in which 41 participants
presented their business applications in poster and verbal presentation over the two-day
conference resulting in monetary rewards for four of the poster candidates. (Appendix 6).

Figure 6-1. Engineering students participated in MBA courses (top) and worked in interdisciplinary teams.

They trained in speaking and presenting skills in preparation for UCR’s annual TechHorizons conference,
in which they had to present the potential market impacts of engineering research (center right and

bottom).
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C. Field Trips

Students participated in academic and industry forums in which various aspects of innovation
issues were discussed. These field trips included conferences sponsored by OCTANe (a Southern
California organization which facilitates innovation development through networking activities),
Caltech/MIT Enterprise Forum (a joint venture of Caltech Industrial Relations Center, Alumni
Association and the MIT Alumni Association which hosts monthly networking forums on key
entrepreneurial issues), Medical Design & Manufacturing West Conference, the Third Annual
Biomedical Form, TECH 100 Conference, and The West Coast Oil & Gas Industry Conference.
Students wrote up their learning experiences from each field trip and discussed them in formal
classroom and WIRED team meetings.

D. College Wide Workshop Conclusions

In the fall of 2008, WIRED personnel conducted two workshops with faculty and graduate
students from the Bourns College of Engineering (BCOE). The meetings consisted of a brief
overview of the findings presented in Section 5 of this report, and a discussion of the things we
can do in response. To the greatest extent possible, we avoided solutions that rely on curriculum
changes, since the undergraduate and graduate engineering curriculum already is heavily loaded,
and curriculum changes generally require long and expensive processes to implement.

The workshops produced the following suggestions:

e Integrating innovation into new undergraduate breadth requirements.
UCR is undertaking an overhaul of the breadth requirements for undergraduates — the
required courses outside of a student’s major. The new approach gives students the
opportunity to choose themes, such as sustainability, that will permeate their breadth
courses. In this context, we can assure greater inclusion of “real-world” topics, such as
ethics.

e Master of Engineering.
BCOE is developing a Master of Engineering (M.Eng) degree designed for mid-career
professionals who wish to earn an advanced degree. Unlike a Master of Science degree,
M.Eng will be broadly focused to include business and societal topics. We envision
offering much of the M.Eng curriculum on-line, which will make it possible for
traditional M.S. and Ph.D. students to review lectures and other materials on the topics
that California companies seek.

e Certificate Programs in the Business of Engineering and Science
Several units on campus are in differing stages of producing certificate programs
designed to incorporate targeted business awareness into existing academic STEM field
studies.
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Expanding the Teaching Assistant Development Program

The Teaching Assistant Development Program (TADP) at UCR was created in 1988
through a grant from the U.S. Department of Education’s Fund for the Improvement of
Post-Secondary Education. The program began as a broad, interdisciplinary program, and
now uses disciplinary clusters to facilitate TA training. The program fulfils the California
state mandate that all persons in charge of student education in the classroom be properly
trained. Training topics include diversity and sensitivity, dealing with sexual harassment,
proper classroom teaching techniques, UC and UCR campus policies, academic
dishonesty and student conduct policies. The program consists mainly of a series of
seminars lasting one academic quarter. Senior graduate students and faculty also attend
classes taught by newer graduate students to review their performance.

We envision that we can build on this mandatory framework with several optional
modules. In principle, UCR could offer a series of “brown bag” workshops once a week,
or perhaps once every two weeks, to anyone interested in attending — faculty, students,
and staff. Topics can include written communication, oral presentation skills, research
ethics, business ethics, budgeting, time management, and business principles for
engineers. This flexible, informal program can be repeated every year and modified to
take advantage of visiting speakers and new needs.

Expanding programs required under the America COMPETES Act

The America COMPETES Act of 2007 (PL 110-69, signed August 9, 2007) requires that
any organization employing postdoctoral researchers under funding from the National
Science Foundation to provide mentoring to those researchers. Examples of mentoring
activities mentioned in the law (Section 7008) include career counseling, training in
preparing grant applications, guidance on ways to improve teaching skills, and training in
research ethics. The aim is to develop postdoctoral researchers’ skills so they can become
independent researchers. This means that UCR and every other academic institution with
NSF-supported postdoctoral researchers will have to develop formal or informal training
mechanisms. As these evolve at UCR, we will be mindful of the skill sets that California
companies want. Over the long run, perhaps the expanded TADP and the postdoctoral
training program will converge into a broad-based program that addresses the themes
shown in Section 5.

Weekend business “boot camp” for engineering students

The idea of having “boot camps”™ on business topics, either for one or several Saturdays
was not popular. Students indicated that they would be unlikely to attend unless these
sessions were mandatory. However, one student suggested that these courses could be
offered in lieu of regular courses during one week each academic year. This would
emphasize the special importance of the material. Perhaps Engineering Week would be
the right time for such an event.

Broadening weekly graduate seminar series
Every department in the Bourns College of Engineering conducts a seminar series, in
which researchers from other institutions and organizations visit and present their current
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research findings. Graduate students must attend these sessions. It is feasible to expand
the scope of these lectures to include topics such as business and ethics.

e Technical writing course

Two departments in the Bourns College of Engineering, Computer Science and
Engineering and Electrical Engineering, require undergraduates to take ENGR 180, a
course in technical communication. Other departments are considering this course, and
there is some support for making this a requirement for graduate students as well.
Nationally, far more than half of all Ph.D. students in engineering come from overseas,
and are not native English speakers. Although they pass the Test of English as a Foreign
Language, it is widely agreed that their writing and speaking skills need improvement. A
required course in written and spoken technical communication could be a valuable
addition.

Informally, technical communication skills could be improved through a program that the
WIRED project piloted. The Bourns College of Engineering conducts an annual “industry
day” style workshop to highlight the research taking place here and potential
collaborations with industry. In 2008, engineering and business graduate students held
two workshops to build the engineering students’ skills in preparing and presenting
posters on their work. Engineering students brought their posters, or drafts of their
presentations, and delivered them to the group. The students then critiqued the presenter
and made constructive comments on how to improve the material. The focus was on
emphasizing the potential impact and benefits of the research, rather than on
methodology and technical minutiae. These workshops could become annual events.

Similarly, one student suggested informal “mixers” for faculty and graduate students, in
which graduate students are given the opportunity to talk about their research and build
conversational skills.

e Continue the site visits

The site visits were a means to an end in the WIRED project, but they could be an end in
themselves. Half-day visits to companies are positive experiences for the participating
students, the faculty members, and the company representatives. Students must learn
about the companies before they visit, and in the process they must pick up some
business vocabulary. During the visit, they can ask questions that relate business
principles and practices to their research, so they can broaden their perspectives on how
ideas migrate from the laboratory to the market. Business people, for their part, learn
about new research under way at the University, and they get an early look at prospective
new hires. The students also begin building professional networks as a result of the
interactions.

e Internships
Internships are widely believed to be valuable experiences for undergraduates and
graduates. One or two summers of industry or agency experience, or perhaps one or two
quarters during a student’s academic career, provide valuable applied experience. In
particular, the students learn about business processes, quality management, competitive
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considerations, budgeting, scheduling, and other aspects of the engineering and
innovation processes in the real world. The consensus is that interns are more marketable
upon graduation, too, by virtue of their industry experience.

e The business card effect

At the April 2008 WIRED meeting, we reported on the “business card effect.” Students
who participated in the site visits were given business cards — they found it awkward to
ask for business cards at meetings without having their own to give out in return. Supply
of cards begets demand for opportunities to hand out business cards. Many of the
WIRED students attended meetings of OCTANe and the Caltech Enterprise Forum
because these were opportunities to learn about business topics, meet prospective
colleagues, and, of course, exchange business cards.
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7. Next Steps

A. Publishing Current Results

Several research articles are expected to result from this study and will be presented to the
appropriate journals. Current working papers include:

e Modeling innovation metrics for wealth generation.
e Innovation metrics and the supply chain.
e Engineering cooperative education lessons learned from the WIRED project.

B. Further Research in Innovation

The WIRED Task 1.5 study has resulted in a first modeling of innovation culture characteristics
within California based technology companies. Further analysis of the online questionnaire is
required to understand fully the implications this might have on this first model. Additional
empirical work is required in order to develop a definitive model and to test its validity in the
marketplace. A larger and more targeted sampling population is needed for this next step. As this
model is validated for California based companies, a cross-border analysis should be conducted
with neighboring states and countries. Numerous studies exist in the European sphere which
should be evaluated in light of the California market as they could lead to additional variables of
interest. An exploratory research project in this cross border vein could be conducted with
certain Asian countries which are involved in outsourcing activities with California based
businesses.

Lastly, it is recommended that further cross-disciplinary active learning projects involving
innovation processes should be developed and institutionalized at the bachelor’s, master’s, and
doctoral levels in order to increase a broader understanding of the implications of sound
innovation programs and processes for competitive sustainability.
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Appendix 1. Annotated Bibliography

Books
Afuah, A. (1998). Innovation Management, Strategies, Implementation, and Profits. Oxford:
Oxford University Press.

Andrew, J.P., Sirkin, H., & Butman, J. (2007). Payback: Reaping the Rewards of Innovation.
Boston: Harvard Business School Press.
Authors James Andrew and Harold Sirkin, senior partners in The Boston Consulting
Group, describe an approach to managing innovation based on the concept of a cash
curve, which tracks investment against time.

Berkun, S. (2007). The Myths of Innovation, Sebastopol, CA: O’Reilly Media, Inc.
How do you know whether a hot technology will succeed or fail? Or where the next big
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This book shows the way.

Bernstein, J.I., & Nadiri, M.I1. (1989). Research and Development and Intra-Industry Spillovers:
An Empirical Application of Dynamic Duality. Preprint / NBER, 1283. Cambridge, MA:
National Bureau of Economic Research.

Boyer, K., Frohlich, M.T., & Hult, T.M. (2004). Extending the Supply Chain: How Cutting-
Edge Companies Bridge the Critical Last Mile into Customers’ Homes. New York: AMACOM
Div American Management Association.

Brenner, T., & Greif, S. (2003). The Dependence of Innovativeness on the Local Firm
Population: An Empirical Study of German Patents. Papers on economics and evolution, 0306.
Jena: Max-Planck-Inst. for Research into Economic Systems.
In many studies, local clusters are repeatedly related to a high level of innovativeness;
however, this article discusses four industries within the German market about the impact
of location and innovativeness. The article concludes that innovativeness does indeed
depend on other firms in the same region but also depends on the idea of studying the
industry as a whole.

Burgelman, R.A., Christensen, C., & Wheelwright, S.C. (2003). Strategic Management of
Technology and Innovation (4™ed.) Boston: McGraw Hill Higher Education.
This text covers the latest research by using a combination of text, readings, and cases.
Based on reviewer response to a survey, the authors have updated many of the cases and
instructors found outdated or lacking.
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Carlson, C.R., & Wilmot, W.W. (2006). Innovation: The Five Disciplines for Creating what
Customers Want. New York: Crown Business.
The book cites dozens of examples of innovative ideas brought to fruition by innovators
from Thomas Edison to Steve Jobs. It outlines the critical decision-making process
required to think innovatively and offered a well-reasoned approach to innovation.

Chesbrough, H.W. (2006). Open Business Models: How to Thrive in the New Innovation
Landscape. Boston, MA: Harvard Business School Press.
The author demonstrated in this book that because useful knowledge is no longer
concentrated in a few large organizations, business leaders must adopt a new, “open”
model of innovation. Using this model, companies look outside their boundaries for ideas
and intellectual property (IP) they can bring in, as well as license their unutilized home-
grown IP to other organizations.

Chesbrough, H.W. (2003). Open Innovation: The New Imperative for Creating and Profiting

from Technology. Boston, MA: Harvard Business School Press.
The path-breaking analysis in this book is based on extensive field research, academic
study, and the author’s own longtime experience working in Silicon Valley. Through rich
descriptions of the innovation processes, Open Innovation shows how companies can use
their business model to identify a more enlightened role for R&D in a world of abundant
information, better manage and access intellectual property, advance their current
business, and grow their future business.

David, F.R. (2006). Strategic Management. Upper Saddle River, NJ: Pearson Education.

Davila, T., Epstein, M.J., & Shelton, R.D. (2006). Making Innovation Work: How to Manage It,
Measure It, and Profit from It. Upper Saddle River, N.J.: Wharton School Pub.
This book challenges the prevalent misconceptions and lays out the tools and processes
necessary for an organization to harness and execute innovation.

Dorf, R. C., & Byers, T. (2006). Technology Ventures: From Idea to Enterprise. New York, NY:

McGraw-Hill Higher Education.
Technology Ventures examines a global phenomenon known as “technology
entrepreneurship.” Entrepreneurship represents a vital source of change in all facets of
society, empowering individuals to seek opportunity where others see insurmountable
problems. Technology entrepreneurship is a style of business leadership that involves
identifying high-potential, technology-intensive commercial opportunities, gathering
resources such as talent and capital, and managing rapid growth and significant risks
using principled decision-making skills.

Drucker, P.F. (1985). Innovation and Entrepreneurship: Practice and Principles. New York:
Harper & Row.
This book presents innovation and entrepreneurship as a purposeful and systematic
discipline that explains and analyzes the challenges and opportunities of America’s new
entrepreneurial economy. Innovation and Entrepreneurship explains what established
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businesses, public service institutions, and new ventures need to know and do to succeed
in today's economy.

Forrant, R., Lazonick, W., & Pyle, J.L. (2001). Approaches to Sustainable Development: The
Public University in the Regional Economy. Ambherst: Univ. of Massachusetts Press.

Haddad, C.J. (2002). Managing Technological Change: A Strategic Partnership Approach.
Thousand Oaks, CA: Sage Publications.

Hall, B.H., Link, A.N., & Scott, J.T. (2000). Universities as Research Partners. Cambridge, MA:
National Bureau of Economic Research.

Hayes, R., Pisano, G., Upton, D., & Wheelwright, S. (2005). Operations, Strategy, and
Technology: Pursuing the Competitive Edge. Hoboken, NJ: Wiley.

Hollensen, S. (2003). Global Marketing: A Market-Responsive Approach. Harlow, Great Britain:
Financial Times Prentice Hall.

Hruby, F. M. (2006). Techno Leverage: Using the Power of Technology to Outperform the
Competition. New York, NY: American Management Association.
This work provides tips to companies to use technology more effectively, so as to better
struggle in terms of growth, profitability, and value.

Kaplan, R.S., & Norton, D.P. (1996). The Balanced Scorecard: Translating Strategy into Action.

Boston, Mass: Harvard Business School Press.
The Balanced Scorecard translates a company’s vision and strategy into a coherent set of
performance measures. The four perspectives of the scorecard — f inancial measures,
customer knowledge, internal business processes, and learning and growth — offer a
balance between short-term and long-term objectives, between outcomes desired and
performance drivers of those outcomes, and between hard objective measures and softer,
more subjective measures.

Kelley, T., & Littman, J. (2001). The Art of Innovation: Lessons in Creativity from IDEO,
America’s Leading Design Firm. New York: Currency/Doubleday.
The author, general manager of the Silicon Valley based design firm IDEO, takes readers
behind the scenes of this wildly imaginative and energized company to reveal the
strategies and secrets it uses to turn out hit after hit.

Link, AN., & Scott, J.T. (1998). Public Accountability: Evaluating Technology-Based
Institutions. Norwell, MA: Kluwer Academic Publishers.

Markides, C., & Geroski, P. (2005). Fast Second: How Smart Companies Bypass Radical
Innovation to Enter and Dominate New Markets. San Francisco, CA: Jossey-Bass.
The thesis of this book is that being a “fast second” in a market is often more financially
rewarding than being at the cutting edge.
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Narayanan, V.K. (2001). Managing Technology and Innovation for Competitive Advantage.
Upper Saddle River, NJ: Prentice Hall.

National Academy of Engineering (2005). Educating the Engineer of 2020: Adapting
Engineering Education to the New Century. National Academies Press: Washington, D.C.

Rogers, E.M. (2003). Diffusion of Innovations (5" ed.). New York, NY: The Free Press.
The author provides a new set of case examples that illustrate diffusion scholarship in the
past decade. The book also includes a revised bibliography.

Santarelli, E. (2006). Entrepreneurship, Growth, and Innovation: The Dynamics of Firms and

Industries. New York, NY: Springer.
This book provides insight into the economics of entrepreneurship, claiming that this
recently established discipline should establish a framework of analysis that integrates the
understanding of the determinants and the effects of both entrepreneurship and
innovation without neglecting the functioning of the inducement mechanisms. For this
purpose, the book combines theoretical prescriptions and international empirical
evidence. Contributions by scholars in the economics of entrepreneurship and innovation
investigate whether the interrelationships between the forces that affect firm and industry
dynamics and ultimately determine economic growth are subject to change across
countries and over time.

Schilling, M.A. (2007). Strategic Management of Technological Innovation. New York, NY:
McGraw-Hill Irwin.

Shenhar, A., & Dvir, D. (2007). Reinventing Project Management: The Diamond Approach to

Successful Growth and Innovation. Boston, Mass: Harvard Business School Press.
Projects are the engines that drive innovation from idea to commercialization. The
number of projects in most organizations today is expanding while operations are
shrinking. Yet, since many companies still focus on operational excellence and
efficiency, most projects fail — largely because conventional project management
concepts cannot adapt to a dynamic business environment. Moreover, top managers
neglect their company’s project activity, and line managers treat all their projects alike —
as part of operations.

Tidd, J., Bessant, J.R., & Pavitt, K. (2001). Managing Innovation: Integrating Technological,
Market and Organizational Change. Chichester, England: John Wiley.

Utterback, J. M. (1994). Mastering the Dynamics of Innovation: How Companies Can Seize
Opportunities in the Face of Technological Change. Boston, Mass: Harvard Business School
Press.
The author looks at how innovation transforms industries, raising the fortunes of some
firms while destroying others. The book draws on the history of innovation by inventors
and entrepreneurs to develop a practical model for how innovation enters an industry,
how mainstream firms typically respond, and how, over time, new and old players
wrestle for dominance.
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Articles
Adams, J.D., Chiang, E.P., & Starkey, K. (2000). Industry-university cooperative research
centers. NBER Working Paper Series, 7843. Cambridge, Mass: NBER.

Amasaka, K. (2007). Applying new JIT: Toyota’s global production strategy: Epoch-making

innovation of the work environment. Robotics and Computer Integrated Manufacturing. 23 (3),

285-293.
In order to strengthen management technology strategy, the author has recently
developed a new management technology principle, New JIT, based on TMS, TDS, TPS
and TQM-S. In developing “Global Marketing” that can win the global competition for
quality and cost, the key for domestic and foreign companies is to successfully achieve
“Global Production” that enables simultaneous production start-up (the same quality and
production at optimal locations) throughout the world. This paper analyzes and proves
the significance of strategically applying New JIT—a global production strategy activity
called AWDG6P/J—for epoch-making innovation of the work environment, as verified at
Toyota. While many vehicle assembly shops depend on a young, male workforce,
innovation in optimizing an aging workforce is a necessary prerequisite of TPS — a
production strategy of New JIT. Elements necessary for enhancing work value and
motivation, and work energy, including working conditions and work environment
(amenities and ergonomics), were investigated through objective survey and analyzed
from labor science perspectives.

Anand, N., Gardner, H.K., & Morris, T. (2007). Knowledge-based innovation: Emergence and

embedding of new practice areas in management consulting firms. Academy of Management

Journal. 50 (2), 406-428.
The authors address how innovative knowledge-based structures emerge and become
embedded in organizations. They use theories of knowledge intensive firms, communities
of practice and professional service firms to conduct a multiple-case process analysis of
new practice area creation in management consultin