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Abstract

A Practical Framework for Digital Service Innovation in the Public Sector: Improving
North American Industry Classification System (NAICS) Code Usage to Enable the
Convergence of the Public, Private, and Multinational Participants

This research is an exploratory study to identify underlying elements of a practical
framework to enable the implementation of digital service innovations in the public sector.
Barriers and gaps exist within the public sector digital service ecosystem. This research
explores and identifies convergent powers necessary to unify participants with service
delivery experience in the public, private, and multinational markets to increase digital
services innovations within the public sector. Quantitative methods are applied such as
multivariate regression techniques to identify the relationship between variables of interest to
public-private partnerships supporting public sector implementation of digital services.
Emerging from the regression analysis are relationships among variables relevant to seven
categories of influence, extant engineering management practices, and the use of North
American Industry Classification System (NAICS) codes. The research used a questionnaire
composed of 27 questions scored on a 5-point Likert scale. The questionnaire served as an
elicitation tool to quantify the judgment of 47 experts from the public and private sectors on
the practicality of a convergent framework for public sector digital service. From the
respondents, their collected judgments were used to test two hypotheses: 1) The Convergence
of Public, Private, and Multinational sector value chains will increase Digital Service Public
Sector Innovation and; 2) Existing Federal government policies for the involvement of
diverse enterprises represents a barrier to Digital Service Public Sector Innovation. The study
found statistical differences between the public sector and private sector populations'
sentiments on 11 of 27 questions about digital service innovation framework. This study

aims to provide a framework based on current industry practice and market influences. The
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proposed framework may provide federal agency managers’ insights to improve their
resources and remove barriers to implementing innovative digital services in the public

sector.
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Chapter 1. Introduction

1. Overview

Chapter 1 established the rationale establishes for researching the notion of public sector
digital service delivery. Moreover, this chapter attempts to lay a proposal foundation for
practical framework understand the multiple decision criteria government stakeholders may

apply to ensure federal investments align with achieving agencies’ digital service strategies.
1.1. Background

1.1.1. Federal Agencies and the Internet

The Internet has transformed the way government conducts business in the delivery of
services to the public. The speed and efficiency of the Internet have created an opportunity
for the federal government to take bold and resolute steps to move government services from
idea to delivery. It has also resulted in the advent of business platforms built on a globally
connected economy (Mettler & Williams, 2011). Many federal government agencies,
however, have not been able to fully exploit the global reach of the Internet due to cyber
security apprehensions; the lack of imagination is the source of this reduction reach and
influence into global e-commerce. Despite such matters, the U.S. Department of Housing and
Urban Development (HUD), like many other federal agencies, is attempting to explore new
and innovative ways to deliver services, apply sound management practices, increase
operational efficiency and productivity, and reduce costs. The Department's services include
providing mortgage and loan insurance to residential and commercial mortgage lenders and
developers that support community and economic development. Other services offered by the
Department include providing grants to state and local level housing authorities and
providing subsidized affordable and public housing to U.S. citizens. Moreover, HUD

provides oversight to the housing industry to ensure fair and consistent practices in the



market. Employing a public sector digital service innovation framework will enable citizen
value and reform to be achieved through policy, transparency, and participatory practices
across the housing industry. The Department applies these practices collectively to maintain a
stable housing market, which has national and global economic implications. For example,
the activities of issuing, monitoring, and managing mortgage insurance, loan guarantees, fair
housing compliance are data service and risk mitigation driven. The timely flow of
information and access to data is paramount to reducing the risk of loan defaults to lenders,
builders, and community developers while making housing affordable and accessible to the
average citizen. Similarly, this holds true in capital markets for reducing the risk of
disruptions to the flow of capital from financial markets to the housing market, which
impacts U.S. and foreign investors. When an industry exercises less due diligence, the
economic implications bear socioeconomic consequences; such as the 2008 Housing Bust, an
impetus for an innovative approach to public-private partnership in public digital service to

prevent fraud and abuse.

1.1.2. The Taxpayer and Government Services

U.S. taxpayers’ have high expectations for more public services and have developed a
growing appetite for digital services. Such services require greater reliability, accessibility,
transparency and trustworthiness, while maintaining individual privacy and confidentiality.
Henceforth, digital services refers to the delivery of government value-added outputs via the
application of IT and digital communication mediums-particularly using the Internet
(Nicholson & Noonan, 2014). New technology platforms complement high expectations of
agency leaders by the President, Congress, and the public. The public places heavy demands
on HUD. Public demands, Presidential directive, and Congressional mandates are

disseminated at a high rate and are ubiquitous due to the Internet. When put in the context of



human services, this would mean access to taxes, birth, housing, or medical data information
(Hyman & Miller, 1985), and digital service provided through a single access point. When
narrowed to providing access to housing services, digital services would entail performing
efficient web searches or digitizing the transaction executions for subsidy disbursements,
insurance purchases, and other procurement transactions, or enabling institutional financial
disclosure. One area that still requires focus in the realm of digital services is the
establishment of the trust that prevents fraud and abuse but validates the existence of security

in the service offering, particularly when done in the cloud (Li, Ping, & Pan, 2010).

1.1.3. A Digital Strategy
The need for digital service innovations in the public sector has not gone unnoticed. In

May 2012, the Obama Administration published the Digital Government strategy as a
convergent concept that mirrors the seminal work of Thomas L. Friedman's The World is
Flat. Friedman highlighted ten forces that flatten the world. The first nine forces address
world events such as the fall of the Berlin Wall in 1988, along with technology and business
model innovations that have led to the convergence of domestic and global markets, to
supply-chaining and outsourcing. The final “flattener,” the Steroids-Digital, Mobile,
Personal, and Virtual Technologies, is embodied in the strategic objectives of the Obama
Administration Digital Government concept illustrated below:

...Enable the American people and more frequently mobile workforce to access

quality and high-speed digital government digital information and services through a

ubiquitous Internet agnostic of the platform.

...Ensure the government is flexible and can adjust to this new digital world, exploit

opportunities to procure and manage devices, applications, and data in smart, secure

and affordable ways.

...Unleash the creative energy stored in government data to push innovation across

our Nation and improve the quality of services for citizens. (Obama, 2012b)

This praxis proposes two innovations: 1) improving usage of NAICS code in digital

service acquisition and 2) enabling U.S. small business to partner with a micro-multinational
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company openly. A small- to medium-size business that is a micro-version of a multinational
enterprise (Bieron & Ahmed, 2016; Copeland, 2006; Dimitratos, Amors, Etchebarne, &
Felzensztein, 2014; Gerbacia & Gerbacia, 2015). A critical success factor in planning and
implementing a digital service innovation implementation in the public sector is bringing
together the right stakeholders and talent pool. The cadre of multiple stakeholders would be
from the public and private sector. Moreover, this approach unleashes creative energy to
developing and implementing digital service solutions for the public sector, enabling the U.S.
economy to grow through job creation from digital service imports and exports. In studies
conducted by the Economic and Statistics Administration of the Department of Commerce,
data from 2011 revealed that the United States exported $357.4 billion and imported $221.9
billion of digitally delivered services. These numbers represent 17% and 8% of the U.S.
trade activities, respectively, which support by American labor (Nicholson & Noonan, 2014).
These results are just a snapshot of the economic power of digitized services shown through
import and export activities in the digital economy (Nicholson & Noonan, 2014). For
government agencies willing to engage in contracts with U.S. small businesses in
partnerships with micro-multinational companies, it generates U.S. jobs and creates access to

an increased pool of readily available highly skilled labor and commoditized IT capabilities.

1.1.4. The Federal Managers
In this exploratory study, the researcher proposes a practical framework for federal
government managers to better plan, coordinate, and implement digital service innovations in
the public sector. Moreover, it addresses how federal managers can use the North American
Industry Classification System (NAICS) codes to partner with capable U.S. small businesses
and micro-multinational companies to innovate and develop digital services. Every year

Federal managers spend billions of dollars on Information Technology (IT) investment on
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behalf of the U.S. Government to deliver service to citizens and improve day-to-day
government operations. Such project initiatives often end in failure, not achieving their
mission and objectives, nor delivering the intended services. The GAO reported that such
trends were due to weak management practices such as a project planning, requirements

definition, and oversight and governance (GAO, 2016d).

1.1.5. Small Businesses and the Federal Acquisition Regulations
Access to more capable small businesses may present an opportunity for the Federal

government by enabling it to maximize value realization of federal investments for taxpayers
(Obama, 2010). Whether as open competition or as set-asides, the government awards
contracts to small businesses. The Federal Acquisition Regulation (2017) has defined a
“concern” as:

... any entity organized for profit (even if its ownership is in the hands of a nonprofit

entity) with a place of business located in the United States or its outlying areas and

that makes a significant contribution to the U.S. economy through payment of taxes

and/or use of American products, material and/or labor, etc. (FAR, 2017)
However, the FAR term “concern” is interpreted may possess special meaning and
opportunity for small businesses and entrepreneurs that are creative and open to the risk and
rewards of the rapidly changing and expanding digital economy. The term does not limit U.S.
small businesses to the status of being an individual, partnership, corporation, joint venture,
association, or cooperative (FAR, 2017). The key point is a “concern” can operate outside of
the U.S. if a significant contribution is made to the U.S. economy (FAR, 2017; SBA, 2010).
The FAR and SBA implicitly support the notion of partnering U.S. small businesses with
micro-multinational companies. According to the Lisbon Council, the term “micro-
multinational” applies to small- and medium-size enterprises that use the Internet to enter
global markets with minimum bureaucracy and overhead (Mettler & Williams, 2011). The

FAR makes further allowance for this assertion within Section 19.001, as follows:
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For the purpose of making affiliation findings any business entity, whether organized
for profit or not and any foreign business entity, i.e., any entity located outside the
United States and its outlying areas. (FAR, 2017)

The FAR interpretation defines "affiliation" with terms intended to demonstrate a
unification amongst business entities and to establish a foundation for partnership or joint
venture between U.S. small business and micro-multinational companies. One phrase of
interest is the inclusion of the word "contractual relationship." In Subpart 19.1, Section

19.101 of the FAR, small businesses can engage in partnership with domestic or foreign

entities who can become affiliates through a contractual relationship (FAR, 2017).

1.2. Purpose
The purpose of this research was to examine the factors that will lead to the practical

application of a framework that may improve Federal managers’ use of NAICS codes to
select capable businesses to support the implementation of innovative digital services. Also,
to enhance the effectiveness and efficiency of federal program managers and acquisition
officials (Obama, 2010) through inclusive planning, and execution practices. The aim was to
gather empirical data supporting a hypothesis on the convergence between the public and
private sector to support the following:

...removing barriers to participation by small businesses in the Federal marketplace

by unbundling large projects, improving training of Federal acquisition officials with

respect to strategies for increasing small business contracting opportunities, and

utilizing new technologies to enhance the effectiveness and efficiency of Federal

program managers, procurement officials (U.S. Small Business Administration,
2010)

Osborne and Platrk (1997) provided insights into paradigm shifts relevant to the public
services in their seminal work, Banishing Bureaucracy. The authors foresaw technology and
digital economy as part of the shift through concepts such as public choice systems and
customer information systems and brokers. In their paradigm shift delivery of public sector

services is a function of providers, whether public or private (Osborne & Plastrik, 1997). The
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latest paradigm has catalyzed the need for rapid delivery of public sector digital services that
ensure secure and reliable for the citizenry. Active engagement and the inclusion of small
businesses and micro-multinational participants may represent a critical success factor
necessary for the growth of public sector innovation in the digital economy (Obama, 2010;
U.S. Small Business Administration, 2010). However, implementation has been a challenge.
For example, if federal managers improperly select the wrong NAICS codes, this leaves the
implementation efforts for the digital service vulnerable to the risk of failure. Federal
managers are making implementation decisions on digital services with limited information
(Nicholson & Noonan, 2014; USITC, 2013). For HUD and other executive branch agencies
to achieve convergence using NAICS codes with small businesses and micro-multinational
participants, a practical framework is needed. In response to such challenges, the Obama
administration issued a call for action (Obama, 2012b) to better serve the American people
through Digital Government, therefore digital services. More effective use of NAICS codes
can bring agility to public sector innovation. However, Digital Government service value
chains must overcome political, operational, and technical barriers to the effective
collaboration and implementation of public sector digital services.

Through this Praxis, the researcher will contribute to society by providing a framework
that supporting the extension of opportunities that benefits small businesses, government
stakeholders, and citizens. A compendium of issues were addressed that include social needs,
policy, technology, and standards by creating a unity of effort between the public and private
sectors. The researcher sought to exploit the fusion of strategic design, operational planning
and technology to improve delivery of digital government services and expand the U.S.

economy.



1.3. Problem Statement

Bureaucracy, outdated policies and restrictive practices inherent in the business of
government are stifling the advancement of public sector innovation in the realm of digital
service delivery (Serensen & Torfing, 2012; TNS Political & Social et al., 2012). This has
resulted in an access barrier to small business and micro-multinational innovators and
entrepreneurs in the private sectors participating in the federal marketplace (U.S. Small
Business Administration, 2010). This has led to sub-optimal coordination and collaboration
between the public sector and small business enterprises, which prevents the latter from
competing for federal contracts. These federal contracts are opportunities associated with

digital service development and implementation suitable for small firms.

1.4. Scope of Study and Research Goals
The scope of the problem was to explore a public sector digital service innovation model
that would enable U.S. small businesses to access complimentary services in the open
markets (domestic or international). The objective of this study is to (a) illustrate a
framework for planning and execution for public sector digital service delivery via inclusive
partnerships with micro-multinational companies; (b) examine government use of such a
model in a climate of heightened cyber security concerns; (c) identify barriers to small
business participation in public sector digital service delivery; and (d) quantify the
relationships among extant engineering management practices and a practical framework that
incorporates a usage of NAICS codes .
1.5. Structure of the Praxis
In Chapter 1, the researcher introduced the notion of public sector digital service delivery.
The research question is intended to answer if a framework can be developed to support

public sector digital service innovation. Chapter 2 is the literature review, which is intended



to bring understanding to the subjects relevant to the framework. In this review, the
researcher will discuss topics such as public sector, innovation, digital government,
workforce challenges, and digital services. In Chapter 3, the researcher presents a practical
framework that incorporates a managerial approach to using NAICS in a globally digitized
service model. In Chapter 4, the researcher postulated research questions and presents the
data analysis that involved descriptive statistics and regression analysis in determining the
relationship between study variables. This chapter will also include the results of the
hypothesis testing. Chapter 5 concludes the Praxis with a summary of findings,

recommendations, and research limitations.



Chapter 2. Literature Review

2. Overview

Chapter 2 provides a literature review which is driven by five overarching themes: (a)
Public Sector Innovation, (b) Influencing Dynamics in Public Sector Innovation, (c)
Participants: Public, Private, and Micro-Multinational Organizations, (d) NAICS Code
Selection and Digital Services, and (e) Cyber Security: Prudential Practices or Fear of the
Unknown? Additionally, this Chapter provides the organizational context that enables
understanding and illustrates insights gathered from the literview review. Finally Chapter
highlights the gaps which are the basis for this study.

2.1. Public Sector Innovation

Innovation in its simplest terms is an idea that results in a new product or service that
generates commercial value for the innovator. Schilling (2013) defined innovation as an act
of introducing, then turning a novel idea into a new method, product, service, or market with
the commercial value. Within the private sector, the objective of innovation is to produce a
product, or service response to market dynamics in order remain relevant and competitive
(Cankar & Petkovsek, 2013; West & Lu, 2009). For the public sector, the objective of
innovation is to produce a value that is most relevant and beneficial to the citizenry, while
maintaining the public’s trust. Extensive literature shows that various types of bureaucracy
busting innovations occur in the public sector. Reforms in the public sector result in
improvements in policy, administration, systems, services, processes and procedures
(Archmann & Castillo Iglesias, 2010; Halvorsen, Haukenes, Miles, & Raste, 2005;
Lohmeier, 2013; Xu, 2010). The concept of public sector digital service innovations
describes when a context is applied and used to shape proposed improvements to policy,

process, and technological innovation.
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Radical changes in the public sector seldom happen; rather, incremental change is most
likely due to bureaucracy and risk aversions of the public sector. Researchers have supported
the idea of public sector risk aversion because stakeholders serve the public’s interest
(Bommert, 2010; Borins, 2014; Mulgan, 2007; U.K. National Audit Office [NAO], 2009).
Given the nature of the federal government approach to managing risk, incremental change is
an appropriate approach for implementing risky innovations and transformations. Often
proceeding the implementation of any innovation beyond the idea is governance, resources,
capacity, culture, and leadership support.

2.2. Influencing Dynamics in Public Sector Digital Service Innovation

Presidential administrations over the past 24 years have issued a continuum of Presidential
Executive Orders (E.O.) to launch their policies for technology and innovation. The E.O. is a
policy tool used by United States presidents to catalyze and rapidly institute reforms to
change how the government conducts its business. This approach has led to radical ideas, but
has been relegated to incremental implementation; nonetheless, this has advanced digital
service in the public sector. The launching of White House sponsored web-based service
platforms such as First.Gov in 2000, the E.GOV initiative in 2002, Data.Gov in 2009, and
USA.Gov in 2010, which enhanced support for mobile applications. The actions of
Presidents William J. Clinton, George W. Bush, and Barack Obama were a step-wise
approach, resulting in an evolutionary impact on the advancement and adoption of digital
government and subsequently digital services (Atkinson & Ulevich, 2000; Bush, 2002; W.
Clinton, 1999; Obama, 2012a). The Trump administration at the time of this research had not
published a national agenda or strategy for digital government nor digital services. Although
as of April 11, 2017, the Trump administration has launched the Office of American
Innovation and on May 1, 2017, launched the American Technology Council. This new

office and council should start gaining an understanding of the actual public needs of citizens
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and industry will have to be determined then make recommendations to the president on
policies and plans that improve government operations and services (White House,
2017).The latest literature points to the likelihood that the Trump’s administration’s agenda
and vision for public sector digital service innovation will emerge. The current
administration's progress is on par with the preceding three administrations. Hence, some
remaining ideas from the previous administration’s President’s Management Advisory may
be modified and adopted to find a place in the new administration.

The Internet is a transformative force in the daily lives of the American citizen. The public’s
expectations for service delivery have increased exponentially, and digital services have
streamlined the fulfillment of this demand. Activities that once took weeks and days have
been reduced to real-time delivery (Nicholson & Noonan, 2014; Telles Jr., 2016). Economies
are shaped around the technologies that enable sharing and collaboration. Researchers have
shown that frequent and routine interactions between the federal government and the private
sector are necessary to successfully implement digital transformations (Hao, Shamsuzzoha, &
Helo, 2014; Joseph, 2009; Siau & Long, 2009). This new lens represents new opportunities
for the public sector to expand delivery channels and leverage the industry, regardless of their
geographic location (Telles Jr., 2016).

Another paradigm shift in communications has occurred across the globe. Social media,
smartphones, mobile devices, and GPS are enabling market transaction in ways that were
beyond belief a decade ago. The fundament questions emerge about the next evolution of
public service innovation. In carrying out the work of government are there truly novel ideas
that can improve customer service or create cost avoidance by streamlining services? How
does the stakeholder choose to manage the risk of introducing innovations, particularly in the

public sector? Stakeholders need to have an awareness of their organization's absorptive
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capacity, the ability to accept and use new knowledge and to assess the likelihood of success
or failure of the proposed innovation (Schilling, 2013).
2.3. Participants: Public, Private, and Micro-Multinational Organizations

Scholars have conducted extensive research to identify the many barriers to designing and
implementing e-government, public service delivery, and service innovation (Raipa &
Giedraityte, 2014). Included as obstacles is the conduct of collaboration for innovative design
and implementation within an inter-organizational and international community. This barrier
is truly a matter of mitigating the risk of miscommunication in public-private partnerships.
Collaborative relationships are dependent on shared appreciation for trade laws and
conventions, free-flowing information, and established trust amongst participant
organizations (Aghdasi, Bazrafshan, & Ranjbarfard, 2015; Parris et al., 2016). Panteli and
Sockalingam (2005) published an article that describes conflict and lack of trust as disruptive,
and a barrier to the pursuit of innovation for organizations engaged in virtual alliances.

In this Praxis, the private sector represents U.S. small businesses identified as a small
business organization (SBO). Similarly, micro-multinational companies—regardless of their
location—represent a micro-multinational organization (mMNQO). The mMNO is a corporate
model that bears the advantages of startups and entrepreneurs but built over multiple time
zones, countries, and continents. This model is a pivot from the traditional sense of
offshoring, a type of outsourcing where business processes migrate from one country to
another. The advantage of the micro-multinational model is not merely reducing the cost to
source cheap labor but access to needed skills and speed. For the public sector, this global
interaction with the free market means reducing the implementation time in the delivery of

public sector digital service innovations.
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2.4. NAICS codes selection and Digital Services

The NAICS codes were initially established as a classification and measuring system to
enable broad comparative economic studies of North American companies, which include
firms from the United States, Canada, and Mexico. The code system was developed by the
OMB lead trilateral (U.S, Canada, and Mexico) committee and adopted by the Economic
Classification Policy Committee in 1997. Since the inception of the code system, government
procurement has also adopted the use NAICS codes as a criterion for small businesses to
compete for federal set-aside contracts, which has become problematic due to the imposition
of unforeseen restriction of competition (Clinton & Armstrong, 2011).

While this Praxis focuses on digital services, research indicates the application of NAICS
codes in planning formulation and execution may improve capability development.
Additionally, it shows better engagement of small businesses. Small businesses today use the
Internet to publish their portfolio of services and capabilities visible to the government
contracting officer by assigning multiple NAICS codes to the company’s portfolio. During
the bidding process for a federal contract, an inaccurate NAICS code selection can result in
an adverse impact on a competing small business (Miller & Ellis, 2016). The NAICS codes
were initially established as a classification to enable broad comparative economic studies of
North American companies. These codes have since become a criterion for small businesses
to compete for federal set-aside contracts, which has become problematic due to the
imposition of unforeseen restriction of competition (Clinton & Armstrong, 2011). Within
FAR, Section 19.102 (b) provides guidance on the definition of small businesses through the
application of industry-based size standards and the classification of product or service by
NAICS; these parameters may place restraints on small businesses. This may be especially
the case for SBOs that are adept at virtual partnering to extend their capability to compete for

contracts. Clinton and Armstrong (2011) argued that competent small businesses face
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restrictions when competing for contracts because of size standard constraints to NAICS
codes, coupled with errors in the selection of NAICS code by agency contracting officers
may worsen the situation. Government contracting officers’ usage of the wrong NAICS
codes is a challenge for competent small businesses potentially excluded from competition
(Clinton & Armstrong, 2011; GAO, 2009; Miranda, 2014). For example, a NAICS code
required for a set-aside award may also be applied to open competitions except for the size
standards (GAO, 2014b). The contracting officers exclude small businesses from
consideration for the open competition due to the size standard stipulation in the FAR. In a
literature review conducted by Miller and Ellis (2016), the authors reaffirmed that the federal
government contracting and acquisition practice performed ineffectively or inefficiently in
regards to the NAICS code selection process.

The GAO, however, had documented numerous examples showing contract protests.
While the government denies many protests, actions still represent a cost to American
taxpayers and highlight an issue with the NAICS process. Various small businesses filed the
protests against the government over perceived discrepancies about the use of NAICS codes
and size standards in the government’s procurement process (GAO, 2009; 2013; 2014a;
2014b; 2014c; 2015; 2016a). Researchers have shown that proper use of product and service
classification standards can improve marketing for businesses making it easier for potential
federal clients to locate them (Fairchild & de Vuyst, 2002). Added benefits to small
businesses include opportunities for maximizing access to potential partner distribution
channels and commoditization of the firm’s capability to present it to as many people as
possibly interested in the service capabilities because service catalogs get published globally
(Granada Research, 1998). Moreover, small businesses and agencies can improve the NAICS
codes usage to target opportunities in industries that may have future value or importance

when seeking to expand capabilities and capacity (Moore et al., 2008).
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Fairchild and de Vuyst (2002) promoted the notion of using product and service code
standards for strategic sourcing from anywhere around the globe. Since today’s virtual
networks are global and ubiquitous, placing size and geographic restraints on small
businesses may hamper their ability to fulfill a contract requirement or resource needs for
implementing a public digital service. Gebauer, Beam, and Segev (1998) conceived the idea
that the Internet could transform procurement from being a transaction-centric to a
management-centric activity to enable and support strategic sourcing relationships.

Existing legal structures such as the Trade Agreements Act (TAA) and the North America
Free Trade Agreement (NAFTA) present alternative sources that may be advantageous to
small businesses to compete with large firms. Specifically, in the Federal Acquisition
Regulation, small businesses set-asides are exempt from the BAA and TAA (FAR, 2017).
This point of view may be a transitive use of NAICS codes, switching from a procurement
select function of small business to a planning and decision-making function to scale agency
capacity and capability for public sector digital service innovation initiatives.

2.5. Cyber Security: Prudential Practices or Fear of the Unknown?

Mitigating cyber threats is a major concern for federal agencies. The risk tolerance in the
commercial sector for cyber risk has been greater than the tolerance in the public sector. The
differences in tolerance to risk may be the result of high reward to risks ratio, which is
profitable in the commercial sector. For the public sector, ROI and benefit to the public must
justify the risk. Managing cybersecurity risk responsibly in the public sector requires
interagency collaboration along with cooperation from the private sectors to design and
implement secure digital services that comply with federal cybersecurity risk management
standards. Public sector decision makers, like their commercial counterparts, are compelled
to weigh the risks against rewards for producing the digital services onsite, oft-site, or

abroad. They must determine the answers to several key questions: Which location will
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optimize solutions for services delivery while maintaining quality assurance and security?
Does the federal government possess or can they acquire the necessary technical components
and tools in a timely fashion to meet required delivery dates? Where will the source talent be
drawn? Are the latest and best practices being applied to mitigate the risk of cyber breaches?
Does the agency have the resources in place to mitigate cyber threats? How will the service
be sustained over the lifecycle once in production? What is the difference between IT
security and cyber security?

From 2003 — 2010, much of the literature focused on understanding the economic aspects
offshoring IT service. IT security primarily became cyber security because of Stuxnet in 2010
(Langner, 2011), a sophisticated cyber threat that has drawn enormous attention to the risks
associated with the trans-border industrial use of the Internet and relevance to offshored IT
services. Cyber risks could become a barrier for federal procurements involving the
provisioning of talent and resources not bound by borders to support public sector digital
service innovation activities. What is at stake are technological innovation opportunities that
could become shelved due to fears of cyber-attack. Reactive protectionism measures, such as
cutting off access to an international digital commerce workforce would be detrimental. It
would slow growth to the U.S. economy and expose the country to retaliatory responses from
other trading nations. Thus, becoming an opportunity cost for U.S. small and large businesses
alike. The question for maximizing innovations in the cyber realm for all is how to establish
norms based on due diligence obligation agreements for nations’ to enable fair and open trade
(Shackelford, Russell, & Kuehn, 2016) with the private and public sectors in cyberspace. The
central decision point in any IT acquisition that results in the delivery of a public sector
digital innovation, the planning and execution decisions regarding a buy or build approach.
Because of Stuxnet, Sony and recent OPM breaches have made the decision far more

complicated, especially since contract awarded now involve Internet usage distribution
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channel for services. This viewpoint significantly alters the procurement discussion too
because the notion of cloud computing is a paradigm shift. The geography and location of
software development or reconfiguration of application platform is a constraint relevant in
the context of risk and reward. Researchers have pointed to the complexity, challenges, risks
and security deploying their data and services offshore (Ellram, Tate, & Billington, 2008).
2.6. Organizational Context

The public sector organizational context for the framework will be the U.S. Department of
Housing and Urban Development. This agency is an ideal case for such a framework because
HUD represents a tapestry of community systems and human services that—upon
transforming to digital service—would create value for American beneficiaries and
taxpayers.
The Department is an executive branch agency. In 1965, Congress mandated HUD to:

...provide growth and oversight of housing and urban development activities.
Additionally, it included assistance with state and municipal level governments’
community planning and development problems. Next, cooperation in regional
community planning and development programs and projects, along with promoting
cooperation with the private sector to achieve the Department mission; 6) perform
Housing and community planning studies, and make available findings to Congress
and citizens. (HUD, 2010)

Today, the HUD workforce is composed of approximately 8,000 employees (HUD, 2015).
While the Secretary of HUD leads the Department, it is the Department which delivers
services through core mission program and support offices. These offices are led by assistant
secretaries, who are also presidential appointees that provide housing subsidies and block
grants to state and local governments in support of the nation's housing mission. Figure 2.1
illustrates the flow of activities for which this study applies the framework to establishing

public sector digital innovation to support the delivery of services. The core program offices
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are responsible for delivering to include the U.S citizens and U.S. businesses that are a

participant in the U.S. affordable housing market.

m - —
Leaders

Citizen/

Industry
Small
Business

Figure 2-1: Policy, process, and people implementation flow.

The industry and market environment HUD is mandated to deliver services to the U.S.
citizen and U.S. business entities industry the American Affordable Housing market. The
origin of services the Department fulfills is generated from three sources, two of which are
external and one of which is internal. Directives that come from elected leaders for their local
constituents are the first source of needs, which are citizens and businesses that participate in
the Affordable Housing market. Demands directly from taxpayers are the second categorized
source, which are from citizens and businesses that may face barriers accessing services
provided by the Department. Inefficiencies and obstacles encountered within the
Department’s existing business processes are the third source of needs generated by the HUD

workforce. The figure below illustrates the interactions amongst the various stakeholders.
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The Office of Management and Budget (OMB) regulates and directs from the President's
Management Agenda to the federal agency. It is through OMB that the business of the
government is monitored and held accountable on behalf of the president.

The elected leaders are responsible for enforcing congressional mandates through policies
embodied in HUD's current mission to enable strong, sustainable, inclusive communities and
quality affordable homes for all. Also, the elected leaders often introduce new legislature and
policy to address gaps or shortcomings not addressed in existing Housing laws and policies.
Once established, HUD has to respond by dealing with the impact of the Department's
service offerings to citizens and business alike. In today's digital economy, the Department’s
response is more likely than ever to be in the form of a Public Sector Digital Service
innovation.

2.7. Barriers and Gaps

The convergence space is necessary to best align industry and government to bring for the
resources necessary to deliver digital service innovations in the public sector. However,
research shows that barriers such as bureaucracy, political agenda and weak governance
creates gaps in execution of service design and implementation exist. Such gaps represent an
obstacle to a simplify approach to aligning resources to designing and implementing e-
government, public service delivery, and service innovation (Raipa & Giedraityte, 2014;
Aghdasi, Bazrafshan, & Ranjbarfard, 2015; Parris et al., 2016). Another area where barriers
are common, but is the lack of proper government requirements, which are necessary to
overcome the unique challenge of the public sector budget process (Schwester, 2009).

Addressing the high-level gaps are the basis for undertaken this research.
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2.8. Chapter Summary

In this chapter, the researcher presented a review of the relevant topics to the subject of
interest. Gaps and barriers were also highlight to illustrate the need for this research. In the
next chapter, the researcher will describe a practical framework for using NAICS in a
globally digitized service model. The literature review illustrated that within public-private
partnerships, technical tools, adequate policy, and regulation, organizational process, and
mechanism for collaboration are the most influential in achieving inter-organizational

innovation in the public sector.
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Chapter 3. Practical Framework for Digital Service Innovation in the Public Sector
3. Overview

In Chapter 3, the proposed framework is presented. The insights for the framework was
constructed from the input drawn from the elicitations Experts’ judgment and insight from
the public and private sectors experiences. Additional content was also the literature review
which consisted of critical analysis of academic journal articles, government reports,
congressional hearings and findings. The emphasis of the framework is placed on
government functions and decisions that support a life-cycle for buying or building of digital
service capabilities. The scope of those activities include idea generation, policy review,
governance, acquisition, service development lifecycle and security.

3.1. Collaborative Service Planning and Execution

In the public sector, performing collaborative planning and execution can be rather elusive
to federal managers, due to momentum-draining bureaucracy. As stewards of the
government, federal managers are driven to deliver value to the American taxpayers. Within
HUD, program officers start planning efforts with good faith intentions but inadvertently end
up operating in silos because bureaucracy overwhelms them. As a result, a practical
framework is proposed to provide assistance to federal managers. The framework is for
federal managers who are responsible for identifying, selecting, and then collaborating with
vendor partners to bring skills and capacities to bear and provide services. Such a framework
is needed to emphasize and reinforce practices of coherence and cohesion through the
duration of the planning, execution, and delivery digitized public sector services.

The framework will be composed of the functional expertise of the federal workforce
responsible for performing the actions associated with acquisitions, human resources, and

information technology. Figures 3-1 and 3-2 presents an illustration of the framework.
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Figure 3-1: Service planning and execution cycle
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Figure 3-2 NAICS usage.

Program managers across the government are seeking ways to break out of silos that stymie
their efforts to innovate and modernize their organizations. With the proposed planning and
execution structure the vast array of activities at agencies like HUD can use more creative
methods with improved techniques for NAICS usage. Such creativity may lead to accelerated
convergence of public and private stakeholder to implement digital services with purpose and
direction. Figure 3-2 illustrates the problem framing (formulation) that complements Figure
2-1. Federal managers will be able to harness and make the most of existing policies,
processes, people, and platforms to deliver digitized services and minimized staff work

burden. The framework also leverages the principles of communication and strategic

23



management to enable the Department to better match its needs with the capabilities of SBOs
and mMNOs. Specifically, focusing on implementing a strategy to conduct NAICS code
selection to better enable the matching of public sector needs to private sector capabilities. It
will position HUD to make knowledge and information sharing common across the enterprise
and ubiquitous in the HUD staff’s daily workflow and stem the loss of knowledge (HUD,
2015).
3.2. Digital Public Housing Services

An opportunity exists to innovate business models to transform how participants from the
public sector, SBOs and mMNOs can share information and conduct business. On such
example would be introduction of Digital Public Housing Services (DPHS). The DPHS
concept represents a vision to converge housing program administrative services that are
enabled by the proposed framework. The services delivered by HUD staff and potential
vendor partners (SBOs and mMNOs) from open markets. The establishment of a unified
agreement between the two parties is for the purpose of fulfilling service demands of citizens
and industry that use public sector services as participants in the U.S. Affordable Housing
market. Moreover, it is advantageous to link the collaborative relationship through modified
agency processes and Enterprise 2.0 platforms that will be used to enable HUD to develop
and extend its capabilities. Innovation in the public sector is currently driving stakeholders to
enhance customer focus and citizen-centric practices while innovation in the private industry
1s product centric but become more service-centric. The Internet of Things (IOT) concept and
technologies are growing rapidly and are well positioned to catalyze the expansions of
existing public sector business models and will usher in new models that are yet to be
conceived. As a result, it is a strategic imperative to incorporate IOT innovation as a
complementary element of digital service innovations to enable better digital government

service fulfillment.
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The introduction of DPHS provides a meaningful pilot opportunity for the public sector to
influence a National IOT strategy. Such a framework would encapsulate the principles of
codification, collaboration, convergence, and coherence to bring together the many disparate
elements of the housing market to be meaningful. The national appraisal of the entire real
estate market in the U.S. in 2010 was $17.6 trillion (BEA 2009B). The U.S. Affordable
Housing market is a $5 trillion industry, for which HUD provides oversight. Since the
passing of the Housing Act of 1949, the federal government has constructed and rehabilitated
more than 5 million housing units and provided over 2 million rental housing vouchers to
American low-income families (HUD, 2015). Researchers have estimated that by 2020, IOT
will lead to the connection of 26 billion devices and add $1.9 trillion in global economic
value (Fedorschak, Desouza, & Dawson, 2015). Currently, however, the federal government
is ignoring the IOT (Fedorschak et al., 2015), which is hampering national efforts to move
forward on IOT initiatives. Figure 3-3 below illustrates Public Sector digital services in the
context of a National IOT strategy.

Public Sector Digital Service Innovation Conceptual Model
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Figure 3-3: Public sector digital service conceptual model.
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The alignment of affordable housing administration with products and services delivered
via digital government sparks the emergence of a new service concept. The DPHS would be
ideal for supporting activities involving the issuance, monitoring, and management of
mortgage insurance and loan guarantees. The use of IOT would be ideal to support asset
management to enable virtual inspections of properties operations and maintenance states,
which would complement physical inspections. This would all be sustained and driven by
data service and risk mitigation measures accessible via analytics. The timely flow of
information and access to data is paramount to reducing the risk of loan defaults to lenders,
builders, and community developers. If extended to mortgage back securities, a fixed
investment structure housing finance industry would also benefit. These are some of the
example of DPHS application. If applied to HUD this model could yield significant benefit
and value on many levels socially and economically

3.3. Case Study: U.S. Department of Housing and Urban Development

The DPHS characterizes B2G and G2C service concept that represents a deliberate
industry innovation the Development can champion. It would enable the HUD to implement
a public sector digital strategy built upon the initial establishment of a government IOT
strategy. The illustration below highlights a hybrid push-pull innovation management

approach typically performed in a federal environment.
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Applied Public Sector Digital Service Innovation Framework: HUD

Legend:
HUD Innovation Steering Committes (HISC)
HUD Innovation Review Committee [HIRC)
Program Office Innevation Werkgroup (PIWG)
AHIF-Affordable Housing Industry Farum

Figure 3-4: Applied public sector digital service innovation framework: HUD

In much of the literature reviewed, the researchers indicated that digital service innovation
would drive a change to traditional services delivered physically. The buying or making of a
capability will consist of a six-step process: provision, deliver, configure (sourcing,
assembly, test, and integrate), trust, release, and service. Below in Figure 3-5 is an

overarching view of the lifecycle.

Public Sector Digital Service Implementation Lifecycle
e > o > e > > e > e
Figure 3-5: Public sector digital service lifecycle.

The Figure3-6, below illustrates a case in the U.S. public sector that embraces the value
offered by the IOT concept, while actively addressing and overcoming challenges to

implementation and enhance e-government service delivery.
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Digital Public Housing Service Innovation Conceptual Model

Figure 3-6: Digital public housing service conceptual model.

The framework leads to convergence between HUD's enterprise needs with small
businesses that possess the right portfolio of capabilities or can scale via partnering to meet
those needs. Moreover, the concept illustrates converging Governments, SBOs, mMNOs,
owners, and innovators that would collaborate in a public/private value chain for delivering
digital services in the Affordable Housing market. This concept conveys a hybridized
acquisition model for a multitude of connected and mobile devices for services related to
housing. Hence, creating a Public Service ecosystem that would also consist of healthcare,
banking, education, transportation, and industrial services.

In Figure 3-7, the researcher introduces the application of the North American Industry
Classification System (NAICS) to support the capability development process. The NAICS
provide visibility on the pool of SBOs that are available for engagement with the government
stakeholders. The following graphic illustrates at a high-level the integration of NAICS into

the framework. In later sections, the researcher will address NAICS in more detail.
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Digital Service Capability Planning and Execution-NAICS Cycle

Problem Framing Service Gaps
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IT Governance
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Figure 3-7: Digital service capability planning and execution—NAICS.

The researcher accepted that the partnering decision of the SBO relates to costs and
technical readiness. Later sections address other factors and challenges such as cultural fit
and logistics in detail. Other aspects of the framework include decision-making, governance,
planning and execution activities performed by the public sector participant in cooperation
with the vendor partner. As the researcher conveyed previously, the SBO and mMNO are the
partners of suppliers retained to implement the DPHS.

The proposed Praxis framework adopts and integrates the Digital Public Service
Innovation Framework (Bertot et al, 2016b) and other works. The authors posited that digital
public service innovations could be classify into seven innovative categories: Transparent,
Participatory, Anticipatory, Personalized, Co-created, Context- aware, and Context- smart.
Other works include: (a) The Moby Business Model Ontology for digital service offerings
(Weiner & Weisbecker, 2011) and (b) the Digital Government Stage Analysis Framework
(Janowski, 2015). In unison, these separate approaches joined with a plan for incorporating

the NAICS to embed the identification of suitable vendors. The NAICS will enable the
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Department to perform better vendor matching and capability search in the delivery of a
DPHS. Figure 3-8 illustrates the integration of the previous works with the seven innovation

categories displayed in the planning quadrant.

PublicSector Digital Service Innovation & Capability Planning and Execution Cycle

Figure 3-8: Public sector digital service capability planning and execution—

Integrated innovation cycle.

Determining the proper resources for DPHS has challenges that involve skewed lenses
when looking at resources and capabilities. Federal agencies frequently incorporate their
biases when making decisions on the current state of resources and capacities. Government
stakeholders perform government cost estimates that are not always accurate. The estimations
presented are at risk of being grossly overestimated or grossly underestimated. It is due to a
lack of situational awareness in the open market on the cost of resources. Prices fluctuate
with market dynamics and impacts SBO's cost to operate and deliver services. To improve
the public sector's ability to access the best resources at the best prices, situational awareness
about the service portfolio and open market needs to be improved. Using a public-sector
service problem framing approach as part of the framework will increase federal managers'

situational awareness and insights.
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Federal manager have to be creative to solve the service delivery challenges facing the
government agencies in the new Digital Economy. Federal program managers can execute an
iterative but agile process to streamline understanding among multidiscipline stakeholders
regardless of language and culture. The application of universal use-cases/story-boards would
establish the common lens for problem formulating and understanding digital globalized
public services. This approach is parsimonious and value-add for all parties through
compressed timelines and reduced cost to understand and match needs and capabilities.
Pictures are worth a thousand words reducing the learning curve of buyers and provides a
like would advantageous for the public sector, private sector, and beneficiaries of government
digital services. However, value generation is not arbitrary, it is generate from deliberate
planning, decision making, and process execution. Recommended are seven processes that
can help federal managers make critical decisions and execution. This is specifically true
when applied to aligning resources and surging capacity to deliver digital services that bear
uncertainty are risk, which is common for novel innovations that are in unchartered territory.
Such decisions enable federal decision maker to augment the federal workforce to deliver
government services, digital or otherwise. These methods are not mutually exclusive nor
should they be viewed as linearly when performed. The processes includes the following: (1)
conduct a high-level definition of needs and governance against duplication of effort; (2)
perform functional level planning and requirements, while actively engaging experts from an
array of multidiscipline domains; (3) prioritize the service portfolio; (4) review and validate
relevant NAICS codes and launch innovation management processes; (5) perform market
research; (6) executeing capability development; and (7) implement DPHS. Figure 3-9 below

llustrates the public service formulation process explained by the processes decribed.
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Public Sector Digital Service Formulation

Resource and capability Assessment

1.0) Defined needs to achieve department missions, the stakeholders perform governance to determine capabilities and resources will be sourced. Assess the desired end state against existing and future
internal and external environment factors that would impact service deployment and execution. Launch decision-making process to identify options and alternatives by addressing the following:

1. Do the capabilities and resources reside within the department?

2. Can the capabilities and resources be sourced in the local market?

3. Isthe department open to extending it strategic sourcing to the international market?

To the largest and possible the Department should look to internal capacity. However in the absence of such the stakeholder should be open tointelligent sourcing.

2.0) Commence planning-public sector
stakeholders coordinate to address
gaps in the Department service needs.
These needs are collectively addressed
by capability definers, program
specialist, acquisition specialists,
enterprise architecture specialists, and
human resource specialists. Together
they conduct planning to fill the gaps.in
doing so, they achieve the following:

4.0) Cross reference and match pool of
aggregated the North American Industry
Classification System (NAICS) against
stated needs and identified gaps.

5.1) Evaluate (short list) NAICS
codes and pool of digital service
offerings model (reference).

6.0) Commence capability
development lifecycle based upon
evaluated NAICS code and digital
service offering mode..

4.1) Innovate digital service perform the

following:

1. Advise and assist in refining
capability definer requirements

il

Determine needs

2. Provision or procure resources as

necessary to fulfill service

7.0) Implement digital service
innovation can be delivered as

2. Assign priorities

. . requirement R
3. Decide on resource allocation q follows:
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according to existing activities within
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High priority services

Low priority services

5.0) Conduct market research to find
vendor partner that can deliver
capabilities to meet Needed services
can be identified using NAICS.
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Figure 3-9 Public Sector Digital Service Formulation.
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The implementation phase constitutes the commencement of the agreed-upon contract
tasks that start the Service Development Lifecycle. During the lifecycle, numerous
interactions occur amongst the service team to verify delivery, while being mindful of cyber
security threats and risks that could compromise the initiative. Cyber threats network
breaches and privacy violations have increased in occurrence, constituting the greatest danger
for any digital service the department will deliver to the public. The public sector
stakeholders, SBOs, and mMNOs must establish the employment of network virtual teams,
trust, and securities. This researcher treated security and trust among the parties the same;
hence, one cannot exist without the other. Building Trust into a cloud environment
constitutes security, while ensuring adequate credentialing, protection, and immediate
responses capabilities to threats.

Towards completion of the Implementation phase, services are prepared for migration to
the production environment. However, there must be an affirmation to the department's
various stakeholders’ that federal compliance with security and data quality assurance
standards has been satisfied. For example, achieving compliance with the Federal
Information Security Management Act (FISMA) and obtaining Federal Risk and
Authorization Management Program (FedRAMP) certifications. This certification is
currently a necessary “cost of competing” for small firms for delivering digital service is the
requirement to meet FedRAMP certification standards. This is an expensive process, which
represents a cost burden for small businesses. A notion for future though is establishment of a
national unified cyber security apparatus could minimize cost burdens while increasing small
business innovation for the public sector. The final acceptance before release into the
production environment is verification of the services that were implemented to fulfill
expectations set during service formulation at the onset of the initiative. During this stage of

capacity building, the department's stakeholders provide transparency into the
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implementation of the service capabilities. It is at this juncture that the department's
stakeholders maintain oversight of the service development lifecycle and monitor the vendor
partners' progression through milestones. Closure is reached upon verification the new
services comply with the policy, regulatory mandates, and meet service requirements.

3.4. New Usage of NAICS Code

While a new classification of services within the North American Industry Classification
System (NAICS) is highly unlikely. An approach is proposed for new usage of NAICS code
for sourcing SBO's with the industrial and service capacities to implement the public sector
digital service innovation. The fusion of NAICS in a service capability development cycle
involves: (1) evaluate/identify NAICS codes for service capability, (2) align capability with
mission and goals, (3) source capability, and (4) implement capability.

During the sourcing of the capability in an acquisition assessment, the public sector
participants screen pools of NAICS codes to identify potential SBO's that can support
initiatives to deliver housing related digitized public service needs. There are thousands of
industry NAICS to choose from to address the specific needs defined by the Department.
Within some NAICS codes, it is difficult to uniquely and meaningfully distinguish one code
from the next within an industry.

Within the NAICS code structure, an ontology already exists within the Public
Administration Industry, under Sector 92 but is only used by federal agencies. Within this
sector, there is a subsector established for federal, state, and local government agencies
engaged in managing housing programs. As was illustrated previously, NAICS were
developed to capture economic activity data for goods and services, in this case, those that
are government-provided. The use of NAICS codes designated as Digital Public Housing
Services join with the 925110 Administration of Housing Programs or 925120

Administration of Urban Planning and Community and Rural Development. The provided
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sector classification is cross-referenced with other industries, but are still relevant to the
affordable housing market. The HUD core missions align with the trade activities in the
following areas if sources include rental housing operations, inspections and compliance,
housing capital finance, and urban planning and redevelopment. While this approach deviates
from the original intent of NAICS, there is a need for an approach to link IT service
capabilities to housing program management. Making this determination should be
associated with idea creation and subsequent innovation by Housing program sponsor.

Figure 3-10, below illustrates the concept of converging Public Sector stakeholders,
SBOs, and mMNOs. This model would minimize mismatching SBOs and their potential third
party partners service capabilities sought by HUD or other agencies responsible for

stewardship of federal affordable housing programs.

Program Office (Buyer) Small Business+—>micro Multinational Company

Local =Nation

Figure 3-10: Public-private-micro multinational convergence.

Within the public sector, the only stakeholders that are concerned with NAICS are those

within the acquisition and contracting domains. Greater awareness and promotion of NAICS
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codes use amongst other federal managers potentially can create a more productive means of
ensuring proper selection of capabilities from the private sector. Federal managers need to
understand NAICS and to identify codes that will best support the achievement of desired
digital service objectives for their program offices. This would expose all of the public sector
stakeholders to universal capabilities at their potential disposal to execute the missions.
Overall, concatenating NAICS codes with administering housing programs and technical
implementation of digital services would make SBO's with such capabilities easier to
identify.
3.5. The Value Chain for Digitized Public Sector Services

The current study conveyed a concept of public-private-multinational (PPM) sector value
chain in the execution of the delivery of the public sector services via the cyberspace domain.
It conveys representatives of the public, private, and multinational coordination and digital
logistic lines of communications. Through cyberspace, they create access to physical and

cyberspace assets.

Service Context: Public-Private-Multinational Participants Convergence

Taxpayers:
Citizen and Business Entities

Federal Stakeholder,

' SBO and mMNO:
Entrepreneurs/ Innovators

Figure 3-11: Public-private-multinational participants’ convergence.
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The public-private-multinational sector value chain demands an understanding of the
underlying infrastructure and capacity PPM participants to deliver quality and timely service
or products at the right place, right time, and right quantity. Similarly, the foreign
subcontracted vendor has to demonstrate to the public sector agency of the stability of its
infrastructure platform and their mitigation strategy for supply chain risk. In the physical
work, such hazards to logistics are driven by time, space, and logistics. For the PPM model
for a digital government and services, the hazard is the same as well.

When placed in a global context, the value chain demonstrates that geographic boundaries
do not constrain many other participants. The illustration below depicts the complexity and
planning factors that must be taken into consideration to account for the time, space and
logistics of communication and transporting components across different time zones. While
HQ is in the U.K., suppliers can be anywhere in North America, South America, Europe,
Asia, or Africa.
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Figure 3-12: Global public sector digital services.

Figure 3-12 illustrates a public-private partnership global view of value chain for digital

service. Other important elements of the value chain taken into consideration are the digital
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service logistics. Just as important is the influence of the Internet of Things. The service or
product can monitored and measured from the point of origin to the point of consumption,
which provide an opportunity for continuous service improve diagnostics. The legend in
Figure 3-18 has been expanded to include PSDL, which constitutes the physical aspect of
logistics for underlying components to include HW and SW. Suppliers and manufacturers
would perform the activities with third-party relationships to the private and multination
sector participants offering services and products to the public sector stakeholders.

Within the context of public sector digital service innovations, the supply chain
consideration is focused on provisioning service or product components to include hardware
(HW) and software (SW). Below is Figure 3-13, an illustration of the Public Sector Digital
Service Logistics (PSDSL) planning activities The PSDSL activities will include service
requirements, license support; Internet of Things resources; packet management, data centers,
performance monitoring, import/export custom information, training, and the support
helpdesk.

Public Sector Digital Service Logistics
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Figure 3-13: Public sector digital service logistics.
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As a department in the executive branch of the U.S. government, public sector participants
bear the responsibility to guard and protect citizens’ personally identifiable data and the IT
infrastructure against foreign and domestic cyber-threats. Infrastructure includes such usual
telecommunication and computing to run operations and create connection amongst service
providers and customers. Market stability plays a role because of the impact price
fluctuations for energy, currency, and industrial materials. Country conditions for digital
service would include the markets, infrastructure operations, and service providers. The
underpinning global cyber and physical infrastructure is requirement for the value chain to
effectively and efficiently deliver a capability. It reflects the convergence of information
technology, telecommunication, and energy infrastructures. In scenarios where a public
sector agency would collaborate with a multinational entity, a U.S. subsidiary would ideally
be the responsible liaising party to a foreign partner for planning, coordination, and execution

in carrying out horizontal collaboration.

3.6. Chapter Summary

In this chapter, the researcher proposed a practical framework that incorporated a strategic
and managerial approach to using NAICS in a globally digitized service model. This
exploratory study conveyed an approach to navigating the complexity of government
procurement of digital services supported by SBOs partnering with mMNOs. This researcher
then illustrated the regime policy that launch the digital service innovation initiative. Next,
the researcher addressed how federal government agencies might conduct strategic
formulation, planning, and execution. Finally, the researcher illustrated high-level logistics
requirements to sustain the public-private partnerships value chain over its lifecycle.
Rendering of such models represents an opportunity for public sector participants to

reconsider how services and products can be developed and delivered to citizens. Such
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concepts will generate new possibilities for business model innovation in the public sector

via new lenses to view public-private partnerships.

40



Chapter 4. Research Methodology and Data Analysis
4. Overview

The researcher constructed the current framework using input from expert judgment
elicitations. The researcher performed a literature review and critical analysis of academic
journal articles, government reports, congressional hearings, and other findings. The scope of
the study is constrained to government functions and decisions that support a life-cycle for
the building of digital service capabilities. The extent of the activities under examination
includes idea generation, policy review, governance, acquisition, software development life
cycle, and security. The researcher gathered expert judgment from 47 public and private
sector respondents. The respondents’ feedback was not representative of their organizations
but reflected their individual opinions about the questions presented to them.

The data for the public sector group reflects the views of 23 senior leaders from six
federal agencies. The respondents were from the U.S. Department of Housing and Urban
Development, U.S. Small Business Administration, U.S. Department of Commerce, U.S.
Department of Justice, U.S National Geospatial-Intelligence Agency, and U.S. International
Trade Commission. The approach was chosen to collect a diverse set of perspectives. The
data for private sector group was opinions of 24 senior stakeholders from 13 U.S. small
businesses predominantly based in the Mid-Atlantic region, Southeastern region, and
Western region of the United States and six multinational organizations.

Common among the respondents was the responsibility for promoting or implementing
innovation, e-commerce, and digital transformation. Also, both groups of respondents held
titles such as Chief Information Officers, Chief Technology Officers Chief Procurement
Officers, Chief Architect, or Strategic Planning and Management Directors. The research
drew the pool of participants from small business organizations employing less than 50

employees.
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The researcher sought to capture the multinational sector perspective from a broader
group with different industry perspectives. Viewpoint was gathered from industry experts
from Merrill Lynch/Bank of America, PricewaterhouseCoopers, Hewitt Packard, Deloitte,
Booz Allen, and Northrop Grumman. Multinational corporations served as proxies for micro-
multinational companies that would address similar challenges associated with commerce in
the open markets. Again, the respondent feedback was not representative of their firms but
reflected their individual opinions about the questions presented to them. All the experts have
prior experience partnering with small businesses to develop Information Technology
solutions for the public sector.

4.1. Expert Questionnaire Design

The researcher utilized well-established theories to develop a survey composed of 27
questions; the researcher used this as a collection tool to solicit expert judgment on digital
innovation. The researcher developed the survey questions based on a literature review from
practical and academic research related to innovation management, planning, and
implementation in the public sector. The sample pool of expert respondents included 47
experts from across the public and private sector. The questionnaire enabled the respondents
to provide their independent opinions on the submitted questions. The researcher used a 5-
point Likert scale to measure the participants’ attitudes and opinions about designing and
implementing digital service innovation in the public sector. The researcher mapped the
experts’ opinions on a continuum of attitudes that ranged from strongly disagree to strongly
agree on the questions provided (Mclver & Carmines, 1981). The application of the
measuring instrument enabled the participants’ qualitative statements to be rated. In
aggregation, the multiple-item data were a collection of ordinal data from the respondents
that were summated and quantifiable (Gliem & Gliem, 2003). The researcher categorized the

questions into eight groups that included strategic marketing, barriers and digital services,
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international trade, globalize public sector services, North American Industry Classification
System, strategic planning, and strategic outcome.

4.2. Participation and Procedures

The researcher emailed the data collection tool to 65 professionals in the public and
private sectors to capture the data. All the participants have at least three years of strategic
management and decision-making experience (functional or technical) delivering services
(physical or digital) at the senior level within the public sector. For respondents from the
public sector, the participants were decision-makers who are responsible for setting the
strategic direction for the implementation of digital services within U.S. federal agencies.
The public sector participants included SES level or senior staff at the GS 14-15 level. The
criteria for inclusion of private sector participants were similar; decision makers within small
businesses that have conducted successful business development in the public sector with
federal or state level clients. The participants from the private sector are small business
owners or chief executive level corporate officers or staff and are considered experts in the
delivery of IT business services and technical management, with a focus on the
implementation of digital services in the public sector. Other small business staff members
included decision-makers who are experts in human resource and contracting management.
The researcher used multinational corporations (MNC) as a proxy for mMNOs and identified
the group of private sector participants. The researcher was unable to compile the sentiment
of mMNGOs directly; however, MNC behavior and patterns are somewhat representative of
mMNOs. The researcher attributed the association to MNC perspective gain through their
access to international market and the necessity to partnering with small businesses. The
concept of global or regional partnering complements small businesses digital service

offerings when competing for federal contracts.
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4.3. Data Collection Method

The researcher gathered data from 47 respondents using a set of 27 structured questions to
elicit their sentiments. Participants were asked invitation letters sent via emails and the
respondents data was collected with an expert questionnaire developed using Google Forms.
The researcher quantified the experts’ questionnaire input to support subsequent decisions on
the response (dependent) and predictor (independent) variables with relationships to policy,
operational, and technology convergence. The researcher defined the concept of convergence
in the context framework as collaboration amongst the private, public, and multinational
sectors. Subsequently, 15% of the pool expert respondents from the public and private sectors
were engaged in follow-up interviews, which were not quantified. The study's methods
yielded data that generated a probability distribution of multidisciplinary perspectives.
Additionally, the researcher compiled the data to perform multivariable regression analysis.
Ultimately, the researcher aimed to execute a method that aggregates expert judgments from
the private, public and multinational sectors into a probability distribution.

Next, the researcher acquired secondary data from the George Washington University
online library database, Google Scholar, and open sources data available from the
Department of Commerce's International Trade Commission and Bureau of Economic
Analysis. Additionally, the researcher accessed online databases such as Data.gov, Federal
Procurement Next Generation Data System, and USPTO Patent Database.

4.4. Research Hypotheses

The study examined if there was difference between the public sector and private sector
population sentiment for the following statements:

1) Converging sector groups leads to an increase of digital service innovation in the

public sector.
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2) Existing government terms and conditions create barrier to small businesses trying
to engage in digital service innovation in the public sector.
The hypothesis statement were tested using the Wilcoxon Rank Sum Test method to
conduct the following hypothesis test.:
Hy: There is no difference between Private Sector experts’ sentiments and Public Sector
experts' sentiment for variable of interest- Ho: n1 =n2
Hi: There is a difference between Private Sector experts’ sentiments and Public Sector
experts' sentiment for variable of interest- Hi: n1#n2
Semi-structure interviews were also conducted to complement the hypothesis presented
above. The open-ended questions below helped the researcher to validate or invalidate the
above hypotheses. The study involved interviewing a 15% sampling of the study population
and asked the following questions:

1. Can a public sector digital service model delivery be developed to enable small
businesses to leverage multinational markets to fulfill U.S. public sector service
demand?

2. What are the public-sector services that can benefit the most from such a model?

3. Can this be achieved in a climate of heightened cyber security concerns?

4. What are barriers that need to be removed to increase small business participation in
public sector digital service delivery?

5. Identify potential impacts of removing barriers to increase small business

participation in public sector digital service delivery?
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4.5. Data Analysis Method

4.5.1. Instrumentation

An important technique employed for interpreting error was minimizing the sum of the
squares for regression models of interest. Ordinary least squares (OLS) were utilized to
measure magnitudes the error and the degree of correlation that exist amongst the regression
coefficients, which the researcher generated as estimated parameters| o, the intercept, and? ;,
slopes of the variate that express three-dimensional planes. The researcher utilized this
technique to explain the variation within the models. The regression analysis also included
the measuring of variability trends in determining the consistency of the population sample
responses to test the hypotheses of this study. The researcher performed numerous iterations
of regression analysis during three stages using the SAS 9.4 statistical software package. In
this study, simplify understanding of the distinction of the dependent variable and
independent variable the term “predictor” and “response” were applied. The “predictor”
variable reflected independent variables and “response” variable indicated dependent
variables (Montgomery & Peck, 1992). The iterative nature of regression analysis resulted in
continuous refinement the regression models. The improvement enabled more insights and
understanding into the potential relationships between predictor and response variables
derived from the questions posed to the experts. Other instruments included the use of Excel
spreadsheet to calculate Cronbach Alpha, and conduct Wilcoxon Rank Sum nonparametric
test.

4.5.2. Stages of Analysis

Figure 4-1 illustrates the various stages analysis. The initial stages commence with testing

statistical assumption and aggregating the descriptive statistics. The next stage of the data

analysis focuses on three stages of regression analysis.
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Stage 2:
Ste oy e

Figure 4-1: Stages of Analysis

While the initial stage of analysis was descriptive statistical analysis, subsequent stages
employed inferential statistical techniques to support an exploratory study of expert
judgments. Statistical and graphical techniques were applied to treat the data to establish a
foundational understanding of the central tendencies associated with the expert’s opinions.

The first stage of the regression analysis involved straightforward multiple variate linear
regressions, which yielded an initial regression model that illustrate the relationship between
the regressor variables and the response variable. The resulting model provided the first
insights into the predictive accuracy of the regression model. Additional, this model
highlighted the variance and multicollinearity within the models’ response variable due to its
predictor variables.

The second stage involved the employment of a stepwise approach. More specifically, the
researcher utilized the backward elimination estimation approach to generate refined
regression models. The backward elimination of statistically insignificant predictor variables

improved the predictive accuracy with the least number of statistically significant predictor
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variables (Hair, Black, Babin, & Anderson, 2010). The remaining predictor variables were
elements used to test the hypotheses of the study.

The third stage of the analysis conducted included regressions on the principal
components, the purpose of which was to simplify the regression model. Treatments
associated with this technique included standardize and orthogonal transformation of the
underlying 27 variables. The predictor variables were linearly regressed on the select
principal component to decrease dimensionality. The orthogonal transformation also
eliminated the effects of multicollinearity due to the dependency among the treated variables.
The researcher utilized the F-test values of the models as indicators for the goodness of fit of
the resultant model. The researcher selected principal components (PCs) based on statistical
significance to demonstrate the reduction of dimensionality to the regression model. Relevant
to this multivariate regression method is the examination of covariance between the variables
and the resultant PCs. The researcher did so to determine where the strength of relationships
lies between the predictor variables and the PCs. In doing so, the technique accounts for the
influence of the original input variables associated >75% variability within the regression
model.

Lastly, the researcher assessed the contribution of variance from selected PCs and used
the magnitudes of the eigenvalues to prioritize PCs for inclusion in the regression model. The
eigenvalues were scaled from the highest to lowest. The researcher identified the optimal
number of PCs reached when the threshold of an eigenvalue is >1.0 and correlates to
accounting for >75% variability within the resulting Principal Component Regression (PCR)

model.
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4.5.3. Predictive Accuracy

The coefficient of determinations, also identified as the R-squared (R?) and the adjusted
R-squared (adj. R?) was used as measures assessing the predictive accuracy of the regression
models synthesized within this study (Hair et al., 2010). The value yielded in the R? reflects
the magnitude of the predictive powers of regression variates. The weighted independent
variables Vi was used as the predictor variables to the dependent variable Y;, the response
variable as utilized in this study (Montgomery & Peck, 1992). Collectively, the linear
combination of variables produced the variate, the postulated relationship that exists between
a response variable and predictor variables. In later sections of this study, the researcher will
illustrate the regression model.

The initial treatment was a straight forward multiple linear regression. In some instances,
the R? and adj. R? results were less than the recommended threshold .70, and the spread
between the measures was wide. This was done to reduce the spread between the R? and the
adj. R%. Progressive application of analysis through the utilization of additional regression
techniques was conducted with SAS 9.4. Specifically, the researcher applied a backward
elimination, yielding the desired result: observation of a tighter spread between the R? and
the adj. R%. The tradeoff was beneficial; the second treatment increased the adj. R2 and

generated the predictor variables, which was the most significant.

4.5.4. Statistical Assumptions
In the conduct of the study, it was necessary to perform a test of statistical assumptions on
the response variable and a set of predictor variables. To do so, all the regression generated in
this study were evaluated for normality, linearity, constant variance error through
homoscedasticity and the absence of correlated errors. The Kolmogorov-Smirnov test, was

used to confirm the lack of normality for each set of data as responses to 27 questions
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collected from a respondent population of 47, where (N=47).The researcher performed visual
inspections of variate error against a normal probability plot of residuals to assess the
normality. Additionally, the researcher visually inspected the histograms for the presence of a
normal distribution that resembled a relatively symmetrical bell-curve, which the researcher
used as an indicator for normality. The researcher used asymmetrical illustration as an
indicator for the absence of normality in the data set under inspection. The study involved the
analyzing the residuals of the variate through investigation of the predictor variables partial
regression plots. The review was to substantiate the degree to which the plots scatters, and
slope represented linear relationships, as opposed to a non-linear relationship. The test for
homoscedasticity was used to measure the equal level of variance among the predictor

variables.

4.5.5. Level of Significance Applied

The researcher based statistical decision making on meeting the statistical significance
(alpha level) set at o = 0.10. The alpha level chosen is a conservative, but acceptable level of
statistical error for this exploratory study. More specifically, the alpha level sets the threshold
for the probability of erroneously evaluating that statistically significant may exist in the
model, resulting in the false rejection of a postulated hypothesis. An alpha level of 0.10 was
an appropriate alpha level for an exploratory study, with 47 respondents as the representative
sample size associated with this research; this number was based on standard conventions

(Hair et al., 2010).

4.5.6. Sample Size (level of Statistical Power and Effect)
The sample size aggregated for this study failed to reach the threshold set by standard
conventions for statistical power. The researcher utilized a smaller than desired sample,

which amassed as a limitation to statistical validity. Based upon criterion highlighted by Hair
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et al. (2010), the aim of the research study should be to achieve a statistical power of at least
0.80. It would require simultaneous consideration of an alpha level of p=0.10, a sample size
of 70 respondents, and moderate effect size of (0.5), and the mean difference of one-half
standard deviation (Hair et al., 2010). The researcher compiled a small pool of 47 experts, of
which the researcher performed 47 sets of observations for each of the 27 predictor variables
aggregated into a sample pool of 1300 data points. Three response variables were chosen to
test the two overarching hypotheses for employing a practical framework for public sector
digital service innovation.

4.6. Data Analysis and Results of Research

4.6.1. Data Validity

The researcher removed information biases from the data compiled to ensure the validity
of the data collected. The population of expert respondents was believed to be representative
of successful SES’s, small businesses owners, and senior level staff working for
multinational corporations. The criterion of experience for the respondents was input as part
of the validity strategy for the study. The researcher collected empirical evidence on
performance through the use of the annual revenue for the small businesses and years of
experience; however, for the public sector participants, the researcher used their current level
of responsibility and years of experience as a criterion for removing selection biases. The
data validity goal of the study for the data compiled is to ensure the models' regression
coefficients estimates values, the parameter estimates, accurately reflect the attitudes of
experts on the multifactor element of this study. Hence, the predictor variables lead to
expected observation outcomes for the response variables. Although the study sample was

less than the 50 respondents recommended by Hair et al. (2010), the sample size was
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adequate to for determining statistical significance and ensuring generalizability of the

findings.

4.6.2. Data Reliability
To assess the reliability of the data, the researcher used a measure known as the
Cronbach's alpha to treat the data. As was indicated previously, the data gathered involved
the use of a Likert scale. Initial observations revealed that 27 variables reflected 0.80
reliability based upon the application of treatment with the Cronbach alpha level
measurement instrument. The alpha values were assessed for numerous combinations of the
data to verify if internal consistency could characteristically be applied. Tavakol and Dennick
(2011) defined internal consistency as describing the extent to a collection of items in a test
measure the same notion and validate the existence of the elements within the test. Hence,
treating the data combinations also illustrated the degree to which a data set items were
related and classified as a relevant data groups for the hypothesis test of this study. An
acceptable value of Cronbach alpha range from 0.70 to 0.95 (Gliem & Gliem, 2003; Tavakol
& Dennick, 2011). The researcher used Microsoft Excel to calculate the Cronbach’s alpha
values of the scale to assess data reliability. The assessment involved treatment of the data
with the analysis of variance (ANOVA) function. The results of the ANOVA is illustrated
Appendix D, Table D-1.
4.7. Observations and Results
4.7.1. Response Rates to Expert Judgment Questions
The targeted goal of participation in the study was at least 45 respondents. The researcher
forwarded a total of 62 invitations letters to elicit the involvement of a pool of experts from
the public and private sectors. The questionnaires were self-administered and generated using

Google forms. The elicitation of expert opinions yielded a 75.8% response rate, equating to
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responses from 47 of 62 potential participants. Numerous waves of reminder emails were
sent to the expert community to ensure the capture their responses. The researcher performed
the clear majority (99%) collection of data between December 2016 and January 2017. The
final response rate result was 104% attainment of the targeted response goal. Subsequently,
the researcher sent summary results to the participants and conducted follow-up small

structured interviews with at least 15% of the respondents.

4.7.2. Profile of Respondents

The study respondents were solicited based on their roles and responsibilities as corporate,
technical, acquisition/contracting, and human resources stakeholders. Some the respondents
had diverse professional experience the led to one- to-many classifications. Most of the
respondents (69% or 28 respondents) had corporate level responsibilities. Next were
respondents with technical leadership responsibilities, which represented 45.7% or 21
respondents. The respondents with acquisition/contracting and human resources leadership
responsibilities included 15 respondents and four respondents, which respectively constituted
32.6% and 8.7% from the respective populations. Figure 4-1 below illustrates the collection

of different perspectives that contributed that insights to the study.

Expert Perspective

Corporate NN
Technical TG
Acquisition/Contracting IIININNNNI
Human Resource R

0 5 10 15 20 25 30

Figure 4-2: Expert perspectives.
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The researcher generated a basic profile for 10 of 13 small businesses represented to
simplify the analysis. The ethnic demographics were reviewed but deemed not pertinent to
the scope of the study; however, finance the profiles of small businesses were relevant to
provide empirical evidence of the entities business development success in the public sector
market. Gross annual revenues of the respondents' firms from 2013 to 2016 ranged from
$1.2M to $10.1M. The researcher used public data compiled from the Federal Procurement
Next Generation Database (FPNGD) to determine the annual revenues for the small
businesses. The primary market for the SBOs that participated in this study was public sector.
The industries identified for respondents were Information Technology services and
Professional Services. The researcher assigned the population of experts that took part in two
groups: private and public sector, which were composed of 24 private-sector respondents and
23 public sector respondents. Among the public sector participants, 21 respondents are still
active federal service, and two respondents had retired. In regards to the private sector
member, the breakdown of the population encompasses representation of two groups of
interest that include U.S. small businesses and multinational organizations. Figure 4-2

presents an illustration of the organizations by the sector that participated in the study.

Organizations Represented

= Private Sector: Multinational Enterprise
= Private Sector: U.S. Small Business
Public Sector: U.S. Federal Agency

Figure 4-3: Population by sector.
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Upon examination of the aggregate expert population, 13% of the population held
perspectives that could be drawn from their experiences while affiliated with multinational
corporations. This pool of experts possessed an understanding of the complexity associated
with orchestrating operation beyond U.S. borders and engaging small businesses in
subcontracting arrangements. Figure 4-3 presents an illustration of the population by sector

perspective and expertise.

Expert Population

23
(49%)

m Multinational Enterprise
= U.S. Small Business
U.S. Federal Agency

Figure 4-4: Expert population by percentage.

4.8. Statistical and Regression Analysis

4.8.1. Descriptive Statistics

The researcher generated descriptive statistics from the respondents' questionnaire
feedback. The study involved aggregating data and statistically evaluating it to determine if
the data collected demonstrate behaviors and properties of a normal distribution. The data
were composed of 27 variables, for which each variable yielded 47 observations points. After
treating the data with statistical analysis, the researcher calculated the means, standard
deviations, minimum and maximum values, skewness, and kurtosis. The researcher used the
SAS 9.4 to generate the statistical summary provided in Appendix Table F-1, which

illustrates the summary statistics for study.
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The response rate for each of the 27 questions was high. The researcher failed to identify
abnormalities in the collected data. The researcher assumed that respondents held moderate
viewpoints about the subjects in question. This approach was chosen to address the
possibilities of respondents electing not to answer a question with a response of at least
"agree" or "disagree." Thus, the summated scale applied to multiple items in the study made
the Cronbach’s alpha a feasible method for estimating the reliability of the data. The
summary of opinion tendencies by population categories is also provided in Appendix Table
F-1.
4.8.2. Variable Design

To shape the proposed practical framework for public sector digital service innovation
planning and implementation, the researcher identified and drew the response and predictor
variables from the 27 questions that solicited opinions from a community of expert. The
researcher performed a literature review to validate the utility of qualitative measures chosen
to represent the attitudes and views of the community participating in this study.
Furthermore, the variables were the building blocks for gaining insights and understanding to
factors that would impact the validity of the proposed framework. Public sector participants
and industry stakeholders' convergence through an improved usage of NAICS in the
framework was the central hypotheses. The aim was to see if variables would emerge that
provide insight into environmental factors that affect government digital service initiatives.
Specifically, the design of the variable emphasized identification of the policy, operational,
technical, and culture forces with the most influence on the overall model. Also, the
researcher aimed to determine if the model could identify the collaborative activities
necessary to conceptualize, plan and implement digital service innovation in the public

sector. The variables were enumerated and characterized according to seven overarching
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themes: Strategic Marketing, Barriers, International Trade, Globalize Public Sector Services,
North American Industry Classification System (NAICS) Concordance, Strategic Planning,
and Strategic Outcome.

4.9. Influence Categories
The seven influence categories are defined as follows:
Strategic marketing: This subgroup represents publicizing capabilities matching activities
performed by the participating parties to fulfill service needs. The public servant conducts
market research to identify market participants from the private sector with capabilities to
satisfy government contract requirements. Conversely, industry participants search the
market for federal contract opportunities with needs their services can be used to fulfill.
Barriers: In the context of digital services, the public and private sector participants are wary
of political, operational, or cultural obstacles, and seek solutions to overcome such obstacles.
International trade: Participants should be educated about implications of international
trade because the Internet is a borderless, making it necessary to understand the dynamic of
an international virtual team.
Globalize Public Sector Services: Federal public servants need to contextualize the concept
of globalizing public sector services because it involves the employment international virtual
teams to innovate digital services.
NAICS Concordance: Participants should employ better methods to develop capabilities and
build capacity to deliver digital services.
Strategic planning: This subgroup is central to developing and implement new digital
service innovations. Public and private participant need to be more transparent in the sharing
of relevant federal and corporate artifacts with adequate lead time to improve chances of

SucCCEsSS.
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Strategic outcomes: Performance monitor enables results based on targeted strategic goals to
monitor, track, and enhance. Both groups are stakeholders in this regards. Both parties bear

the risk

The researcher applied a stepwise approach using backward elimination to understand the
impact of each variable drawn from the 27 questions posed to the respondents. The results of
the stepwise approach support the testing of the hypotheses of this study. The researcher also
included the addition of another variable that summated the feedback from each respondent
resulting in a profile of the experts. The researcher generated the summated scale from the
average of the experts scored statements. Each expert profile encompassed independent
opinions that yield a perceived overarching attitude. The expert profile ultimately provided
an expert's outlook that reflected advocacy or non-advocacy for a practical framework public
sector digital service innovation. The resulting average for each respondent that could be
used to compare about the population respondents. The model of a composite of 27 variables
that reflect the respondent judgment is highlighted in Appendix Table F-1. The researcher
treated these opinions through the regression analysis of principle component, which reduces
the dimensionality of 27 variables to eight components illustrated in PCA.

4.10. Response (Dependent) Variables

The researcher selected three response variables from amongst the analyzed variables to
identify and determine the relationships that exist with the set of predictor variables: the
NAICS PSD.Services (v18), NAICS Strategic P&E (v19), and NAICS EA mapping (v21).
The expert profile produced was considered an additional variable generated as a summation

of inputs from respondents.
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4.11. Predictor (Independent) Variables
The researcher drew the predictor variables straight from the questionnaire. Specifically,

the variables collected from the set were categorized as either binary or ordinal. After
numerous iterations of regressing the response variable, the researcher eliminated binary data
types from the set of predictor variables. The predictor variables were used to perform the
multi-regression analysis. As stated previously, the constructed multivariate linear regression
and the principal component regression models were constructed. The List of Variables is
provided in Appendix G, Table G-1.

4.12. Multivariate Analysis: Regression, Transformation, and Reduction
In the simple linear model, V represents a single predictor variable for response variable Y,
and the model parameters are o and 1. The objective of linear regression modeling is to
estimate the values of Bo and B;. The parameters are initially unknown, but once determined
useful in understanding the how data if fitted to resultant multiple linear regression models.
Finally, € is the error. The general expression for a linear model is as follows.

Y= Bo+Bod)1 +-o. (l)

For the multiple linear regression expressions, the model is illustrated below in Eq. 2 as
follows:

Y=o+ Bi1V1 + BiVit...+ BkVi +eo (2)
Similarly, in the multiple regression, o through Bk are model parameters, and the response
variable Y depends on multiple V predictor variables. The researcher observed statistical
assumption tests for the multiple regression models for this study. Through visual inspection
of statistical graphics generated using SAS 9.4 the validity of independence for the
dependence for response variable Y. Below is the multivariate regression model that was
synthesized to support the hypotheses posited for this research. The researcher determined
the parameters for the model with SAS 9.4.
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Y =Bo+ P1 (VI) + B2 (V2) + B3 (V3) +a (V4) + Ps (V5) + Ps (VO) + P7 (VT)+ Ps (V8) + Po
(V9) + B1o(V10) + B11 (V11) + B12(V12) +B13(V13) + Bl4 (V14) + P15 (VI5) + Pis (V16) +
B17 (V17) + Big (V1I8) + P19 (V19) + P20 (V20) + P21 (V21) +P22(V22) + P23 (V23) + B2a (V24)
+ B2s (V25) + P26 (V26) + P27 (V27) +eo 3)

Y = Bo + P1 (Strategic targeting) + 2 (Offshoring) + B3 (Global ecommerce) + B4
(Competition) + Bs (Borderless expertise) + ¢ (Risk_Mgt) + B7 (Complexity Barriers) + s
(NAICS__ Ed)+ Bo (Procurement Deregulation ) + B1o (Anti-trade Barrier) + 11 (Int'l
partnering) + P12 (Job Creation) + P13 (Global Virtual Teams) + Bi14 (GVT Mgt capacity) + Bis
(Productivity ) + Bi1s (NAICS competition ) + B17 (NAICS New Market) + Pisg
(NAICS_PSD.Services) + Bi9 (NAICS_Strategic P&E) + 20 (Shared view)+ 21 (NAICS EA
) + B22 (Speed to Market) + 23 (Knowledge Management) + 324 (Convergence) + 25
(Innovation ) + Bas (Intra/Entrepreneurism) + 27 (Unified P&E platform) +&o 4)

4.12.1. Backward Elimination

The researcher conducted backwards elimination analysis on three response variables:
NAICS EA, NAICS P&E, and NAICS PSD. Services. The response variable was
regressed by the 26 predictor variables. The analysis was done on the 27 variables, utilizing
SAS 9.4 software package to generate the regression parameters. The backwards elimination
was performed with o = 0.10 to avoid prematurely eliminating and ensure relevant predictor
variable were still incorporated in the regression model. This approach reduced the
complexity of the regression model and reduced the multicollinearity from the original
variate illustrated in Equation 4. Backward elimination revealed the predictor variables with
the most influence on the response variable under examination. In the following section, the
researcher will provide the results of this analysis. The researcher will also illustrate the
actual regression coefficients (estimated parameters) and confidence interval.

NAICS_PSD.Services = o + 2 (Offshoring) + Bs (Borderless expertise) + 1o (Anti-trade
Barrier) + B13 (Global Virtual Teams) + 14 (GVT Mgt capacity) + Bis (Productivity) + Bio
(NAICS_Strategic P&E) +22 (Speed to market) + P23 (Knowledge Management) +32¢

(Intra/Entrepreneurism) +eo

NAICS_Strategic P&E = o+ s (NAICS _Ed) + Bio (Anti-trade Barrier) +f11 (Int'l
partnering) + P13 (Global Virtual Teams) + 14 (GVT Mgt capacity) + Pis
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(NAICS_PSD.Services) + 23 (Knowledge Management) + 324 (Convergence) +26

(Intra/Entrepreneurism) + go

NAICS_EA = Bo + B1 (Strategic targeting) + B> (Offshoring) + B4 (Competition) + ps
(Borderless expertise) + 7 (Complexity Barriers) + 13 (Global Virtual Teams) + B4 (GVT
Mgt capacity) + B17 (NAICS New Market) + 25 (Innovation) + P26 (Intra/Entrepreneurism) +
B27 (Unified P&E platform) +eo
4.12.2. Multicollinearity

The researcher checked the predictor variables for multicollinearity in the three regression
models identified in this study. Multicollinearity is a serious problem for multiple linear
regressions models; it degrades the usefulness of the regression model. The harmful effects of
this phenomenon are due to a near-linear dependence among predictor variables, are
supposed to be independent and uncorrelated (Hair et al., 2010; Montgomery & Peck, 1992).
The existence of multicollinearity in the regression model results in unstable regression
coefficients (parameter estimates) that change as other predictor variables is added or
removed from the model. The researcher compiled the predictor variables’ tolerance level
and variance inflation factor (VIF) values using SAS 9.4 to test for multicollinearity.
Remedies for elimination include performing stepwise approach known as backward
elimination when determining the predictor variable with the most influence in the regression
model. Additionally, treatment of the first multiple linear regressions with PCRs also was a
strategy for eliminating harmful effect of multicollinearity. Inspection of the regression
variable tolerance and VIF were done so based on conventions where VIF is the inverse of
Tolerance. Hence, tolerance values less than 0.2 or 0.1 result in VIF that exceed 5 or 10
respectively. These are strong indicators that multicollinearity adversely impacts the
regression coefficients, indicating a negative influence on least squares are (Hair et al., 2010;

Montgomery & Peck, 1992). Based on the values provided none of three regression model
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suffers from usual sources of multicollinearity for research of this scope. It included but is
not limited to improper data collection, or the number of predictor variables exceeds the
number of observations.

Illustrated below in Table 4-1, the tolerance and VIF values were associated with the
predictor variables that influence NAICS- PSD. Services. The lowest tolerance value
exceeds 0.38, and the highest VIF value is 2.61; in both cases, multicollinearity is not a
problem. From the values presented in Table 4-1, the researcher affirmed that treatment of
the originally fitted model demonstrates the migration of the adverse effects of
multicollinearity.

Table 4-1: Tolerance and VIF (NAICS_Public Digital Service Portfolio Selection-V18)

Response: NAICS PSD. Services

Predictor Tolerance VIF
Offshoring 0.80 1.25
Borderless expertise 0.76 1.32
Anti-trade Barrier 0.85 1.17
Global Virtual Teams 0.49 2.02
Productivity 0.53 1.88
NAICS_Strategic P&E 0.54 1.84
Speed to Market 0.41 242
Knowledge Management 0.38 2.61
Intra/Entrepreneurism 0.56 1.79

Provided below in Table 4-2, the tolerance and VIF values were associated with the
predictor variables that influence NAICS  Strategic P&E. The lowest tolerance value
exceeds 0.47, and the highest VIF value is 2.12, which indicates that multicollinearity is not a
problem. These values affirmed that treatment of the originally fitted model demonstrates the
migration of the adverse effects of multicollinearity.

Table 4-2: Tolerance and VIF (NAICS_Strategic Planning and Execution-V19)

Response: NAICS  Strategic P&E

Predictors Tolerance VIF

NAICS Education 0.73 1.367
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Anti-Trade Barrier 0.78 1.277

International Partnering 0.73 1.37
Global Virtual Teams 0.60 1.76
GVT Mgt capacity 0.65 1.54
NAICS PSD.Services 0.74 1.36
Knowledge Management 0.59 1.70
Convergence 0.48 2.08
Intra/Entrepreneurism 0.47 2.12

Provided below in Table 4-3, are the Tolerance and VIF values associated with the
predictor variables that influence NAICS EA. The lowest tolerance value exceeds ~.36, and
the highest VIF value is ~2.78, which indicates that multicollinearity is not a problem. From
the data presented in Table 4-3, the researcher affirmed that treatment of the originally fitted
model demonstrates the migration of the adverse effects of multicollinearity.

Table 4-3: Tolerance and VIF (NAICS_Enterprise Architecture-V21)

Response: NAICS EA

Predictor Tolerance VIF
Strategic Targeting 0.73 1.38
Offshoring 0.83 1.21
Competition 0.59 1.72
Borderless Expertise 0.49 2.04
Complexity Barriers 0.75 1.34
Global Virtual Teams 0.61 1.63
GVT Mgt capacity 0.57 1.75
NAICS New Markets 0.59 1.69
Innovation 0.36 2.78
Intra/Entrepreneurism 0.46 2.16
Unified P&E Platform 0.51 1.97

4.12.3. Regression Models and Parameter Estimates
[lustrated in Table 4-4 are the predictor variables, parameter estimates, and confidence
interval for response variable NAICS PSD.Services. This demonstrates advocacy towards a
framework for public sector digital services.

(NAICS_PSD.Services) = 2.14+ .22 (Offshoring) .28 (Borderless expertise) .36 (Anti-
trade Barrier) .26 (Global Virtual Teams) + .34 (GVT Mgt capacity) +.43 (Productivity) +
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44 (NAICS_Strategic P&E) + .51 (Speed to market) .53 (Knowledge Management) .36
(Intra/Entrepreneurism) +g&o

Table 4-4: Parameters and Confidence Limits (NAICS PSD.Services)

Response Variable: NAICS PSD.Services

Predictor Parameter

Variable Estimate 90% Confidence Limits
Intercept 2.14 0.82 3.46
Offshoring -0.26 -0.39 -0.042
Borderless expertise 0.28 0.10 0.46
Anti-trade Barrier 0.36 0.18 0.54
Global Virtual Teams 0.26 0.08 0.44
Productivity -0.34 -0.55 -0.13
NAICS_Strategic P&E -0.44 -0.67 -0.20
Speed to market -0.51 -0.80 -0.22
Knowledge Management 0.53 0.27 0.80
Intra/Entrepreneurism 0.36 0.07 0.64

The betas of Table 4-5 highlight the possible existence of factors that could explain
attitudes among the experts towards the elements the proposed practical framework could
impact in the development of digital services in the public sector. The researcher used the
predictor variables and the best estimates for the multifactor items that provide a linear
relationship between the parameter estimates. Illustrated in Table 4-5, are the predictor
variables, parameter estimates, and confidence interval for response variable NAICS P&E.
(NAICS_Strategic P&KE)= & w .19 (NAICS Ed) + .29 (Anti-trade Barrier) + .23 (Int'l
partnering) + .34 (Global Virtual Teams) & @GVT Mgt capacity) &3
(NAICS_PSD.Services) + .28(Knowledge Management) & 1{Convergence) +.82

(Intra/Entrepreneurism) + &o

Table 4-5: Parameters and Confidence Limits (NAICS P&E)

Response Variable: NAICS P&E

Predictor Parameter

Variable Estimate 90% Confidence Limits
Intercept -0.19 -1.58 1.20
NAICS _ Education 0.19 0.05 0.33
Anti-Trade Barrier 0.29 0.11 0.46
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International Partnering 0.23 0.03 0.43

Global Virtual Teams 0.34 0.18 0.49
GVT Mgt capacity -0.26 -0.39 -0.13
NAICS PSD.Services -0.23 -0.42 -0.04
Knowledge Management 0.28 0.07 0.48
Convergence -0.50 -0.78 -0.23
Intra/Entrepreneurism 0.82 0.53 1.10

The parameter estimates of Table 4-6 identify the elements that could explain attitudes
among the experts towards improving how federal managers employ NAICS codes in the
planning and execution of federal IT projects. The items highlight areas the practical
framework could impact the planning and implementation of digital service in the public
sector. Below in Table 4-6 are the predictor variables, beta estimates, and confidence interval
for response variable NAICS EA. The predictor variables associated with this regression
model illustrate that the experts advocated a fusion of NAICS and enterprise architecture,
planning, and mapping as a capability development activity. This activity would be critical to
the proposed practical framework and could impact the planning and execution of
development of digital service in the public sector.

(NAICS_EA) = .16 +.16 (Strategic targeting) +.14 (Offshoring) .40 (Competition) +.23
(Borderless expertise) +.16 (Complexity Barriers) +.18 (Global Virtual Teams) .20 (GVT
Mgt capacity) .18 (NAICS New Market) &7 (Innovation) + .51 (Intra/Entrepreneurism)

+.30 (Unified P&E platform) +€o

Table 4-6: Parameters and Confidence Limits (NAICS EA)

Response Variable: NAICS EA

Predictor Parameter

Variable Estimate 90% Confidence Limits
Intercept 0.16 -0.78 1.11
Strategic Targeting 0.16 0.04 0.28
Offshoring 0.14 0.03 0.25
Competition -0.40 -0.54 -0.25
Borderless Expertise 0.23 0.09 0.38
Complexity Barriers 0.16 0.01 0.31
Global Virtual Teams 0.18 0.07 0.28
GVT Mgt capacity -0.20 -0.30 -0.10
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NAICS New Markets -0.18 0.07 0.29

Innovation -0.27 -0.47 -0.06
Intra/Entrepreneurism 0.51 0.31 0.72
Unified P&E Platform 0.30 0.11 0.49

4.12.4. Principal Component Analysis and Principal Component Regression

4.12.4.1. Principal Component Analysis

The aim of treating the data and principle components (PC) was to produce a simplified
and more predictive regression model. The researcher achieved this by reducing the
regression model to least number of PCs necessary while maintaining the ability to explain
most of the variability within the model. Additionally, this method eliminates the effects of
multicollinearity that may exist in a variate, which makes the regression model more prone
producing predictive inaccuracies. Ordinary Least Square is the basis for estimating
regression coefficients| o andT ;, the regression model intercept and slope, respectively. The
regression model prioritizes the inclusion of the PCs from the above predictor variables
according to the weight of the eigenvalues. The largest eigenvalues correlate to the highest
degree of explaining of the predictor variable's variance. Subsequent the next largest
eigenvalue is the basis for selection of PCs. This process is continued in series until to reach
an optimum number of PCs for inclusion into the regression model. The study reached the
optimum number of PCs at a ratio threshold of ~75% obtained from the cumulative sum of
the eigenvalue for selected PC's divided by the sum of all eigenvalues for the calculated PCs.
The threshold can be higher, but 75% is the recommended convention. Table 4-7 illustrates
the eigenvalues calculated for the PCs with SAS 9.4. The source data from the covariance
analysis used to generate the PCR is located in Appendix L Table L-1.

Table 4-7: Principal Component Eigenvalues

PC Eigenvalue Proportion Cumulative
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1 6.08 0.24 0.24
2 3.05 0.12 0.36
3 2.50 0.10 0.45
4 1.90 0.08 0.53
5 1.64 0.06 0.59
6 1.49 0.06 0.65
7 1.18 0.05 0.70
8 1.13 0.04 0.74
9 0.86 0.03 0.77

To produce the PC, let R represents an n x1 vector of respondent experts () consisting of
n predictor variables, C represents covariance matrix of R and E is the eigenvector matrix of
C. ET illustrates the orthogonal transformation of E is to produce PCs. The diagonal
elements, D are calculated from the Eigenvalues of C with the formula D = E'CE, because of
the transformation of n PCs by the process. For this study, the PC is defined as PC = ET R...
Response Variable = fot+ 1 (PC1) + B2 (PC2) + B3 (PC3) +B4 (PC4) + Bs (PCS) + Bs (PCO) +
B7 (PC7) + Bs (PC8) + Po (PCI)

&)
4.12.4.2. Principal Component Regression

The principal component regression (PCR) techniques applied regression analysis on the
PCs produced in this study. Similarly, the benefits of this approach are reducing
dimensionality, refining the PCs, and producing a more predictive PCR model. The
researcher regressed the PCs on the response variable and then examined the PCs for the
statistical significance. As was previously highlighted, the researcher set the a level at p =
0.10. The PCs that fail to meet the threshold for statistical significance; therefore, the
researcher discarded those items. Subsequently, the researcher ran the second PCR without
the PCs that fails to demonstrate significance. The researcher selectively removed the PC if it
improved the predictive accuracy of the variate. Conversely, if removal of the insignificant

PC adversely affected the regression model, it was saved. The second PCR was a reduction in

dimensions from the previous PCR. The resulting regression continues to maximize
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predictive accuracy based on prioritizing retention of the components with the highest degree
of explainable variance followed by the component with the next lowest explainable
variance. Similar to PC analysis, the elimination of PCs continues under the optimal model is
determined by the model’s goodness of fit and the remaining PCs’ statistical significances.
The resulting model provided below represents the maximum reduction of dimensionality
and final PCR models that explain the relationship public sector digital service innovation.
The resultant models yield predictive estimation for response variables NAICS PSD.
Services, NAICS P&E and NAICS EA. Equations 6 and 7 illustrate each of the PC linear
combinations of the 27 predictor variables derived from original questions. The objective of
this study was the creation of a practical framework for planning and developing public
sector digital service innovation. Moreover, the structure incorporated a deliberate use of
NAICS codes to join public and private sector actors' needs and capabilities. Note, the
parameter estimates the third significant figure rounded up.

Equations 6 is the predictive model for a favorable judgment by federal managers to use
NAICS codes in conjunction with enterprise architecture planning. This model may improve
predictive accuracy in decision making, better strategic alignment, awareness of capabilities
in the market, and cost reduction associated with capability development in support of digital
service implementation in the public sector. Appendix K illustrates the source data for PCR
for V18 - V21, respectively.

NAICS_EA =0 + Bi (PC1) + B2 (PC2) + B3 (PC3) + Pa (PC4) + Bs (PC5) + Bs (PCH) + B
(PC7) + Bs (PC8) + Bo (PCI) (6)

NAICS_EA = .27 + 20(PC1) - .17(PC2) + .05(PC3) + .16(PC4) - .02 (PCS) -.08 (PC6) +
23(PC7) + .13(PC8) + .03(PCY)

Equation 7 is the predictive model for a favorable judgment by federal managers on
decisions regarding which NAICS codes to pursue as part of the strategic planning

formulation and maintain through execution process. This model is also convergent by
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emphasizing joining of external partners and internal participants to bring digital services
innovations to the public sector. This model may improve predictive accuracy in decision
making and achieve strategic outcome regarding deployment of resource to build capacity in
support of digital service innovation and implementation.

NAICS_ P&E = Bo + B1(PC1)+ Bo(PC2)+ B3(PC3) Ba(PC4) + Bs (PCS) + Ps(PC6) + B7(PC7)
+ Bs(PC8) + Bo (PCY) 7)

NAICS P&E = .08 + .26(PC1) +.00(PC2) -.06(PC3) + .22(PC4) -.12 (PC5) - .09(PC6) -
22(PC7) - .01(PC8) + .28(PC9)

Equation 8 is the predictive model for a favorable judgment by federal managers on
decisions regarding the inclusion of NAICS codes assessment. This model may improve
predictive accuracy in decision-making regarding the identification of capabilities in the

market pursue to innovate new digital service.

NAICS_ PSD. Services = Bo + Bi(PC1)+ Bo(PC2)+ Bs(PC3) + B4(PC4) + Bs (PC5) + Ps(PC6)
+ B7(PC7) + Bs(PC8) + Bo (PCY) (8)

NAICS_ PSD. Services = 1.22 + .02(PC1) + .01(PC2) + .08(PC3) + .46(PC4) + .25(PC5) -
25(PC6) + .22(PC7) + .18(PC8) - .03(PCY)

4.13. Testing of Hypotheses

The Wilcoxon Rank Sum Test method was used to conduct the study hypothesis test. The
Kolmogorov-Smirnov test was used to confirm the normality or lack thereof for each set of
data for the 27 questions collected, where the population of respondents was 47 (N=47).
Normality could not be assumed for the data type used to conduct the hypothesis test, which
was ordinal and decomposed into even smaller sample sizes. The study used smaller samples
sizes, n1=24, and n2 =23, where n1 represented the Private Sector and n2 described the
Public Sector responses. The two small independent sample sizes warranted the application
of a nonparametric method, the Wilcoxon Rank Sum Test. The sample sizes while

independent were not adequate to assume the population was a normal distribution. Lastly,
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this nonparametric method is an alternative to the two-sample t-test, which makes it an
approach instrument for necessary hypothesis testing of this study.

The researcher performed a one-tailed t-test to compare the ranking of nl + n2
observations. The study applied this approach to each of the 27 questions addressed by the
respondent. To confirm the fidelity of the results of the hypothesis test, two types of critical
values used to test the null hypothesis. The first evaluation of null hypothesis for the
Wilcoxon rank-sum, W1 checks if the T-Statistic is less than the lower critical value or
greater than the upper critical value, under these occurrences we reject Ho. The Wilcoxon
Rank Sum was assessed based upon the ranking of respondent questionnaire scores. The
Critical Value defined critical constants, where C1= 474 for the lower limit and C2= 630 for
the upper limit. In this study used the critical constant was C2. To reject the Ho the calculated
Rank Sum value is < C 1 the lower limit or > C2 the upper limit. These critical constants
were based on Verdooren (1963) Extended tables of critical values for Wilcoxon's test
statistic the Rank Sum distribution table with 1- tail, o= .05. The Wilcoxon T statistic was
associated with nl to perform the comparison of the difference of rank locations (mean,
median, and modes) for the sample sizes, n1= 24 respondents, and n2= 23 respondents. The
objective was to determine if a statistical significance exists between the differences of the
rank sum.

The second Wilcoxon Rank-Sum null hypothesis test conducted. It evaluated the absolute
value of a calculated Z score from the ranking of the expert responses against the absolute-
value of a Z-Critical value, 1.645 correspond to the given a and one-tail test. Similar to the
first, the second set of hypothesis test compared the responses of 23 experts from the Public
Sector group against the responses of 24 experts from the Private Sector group. The
hypothesis test check for a difference in average ranking of sentiment scores between the two

groups for the following research statements:
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1) The convergence of public, private, and multinational participants increases digital service
public sector innovation
2) Existing government terms and conditions for the involvement of small enterprises do not

represent a barrier to digital service public sector innovation.

The hypothesis test

Hy: There is no difference between Private Sector experts’ sentiments and Public Sector experts'
sentiment for variable of interest- Ho: n1 =n2

H;: There is a difference between Private Sector experts’ sentiments and Public Sector experts'
sentiment for variable of interest- Hi: n1# n2

T- Statistic Measures Z-Score comparison for o = 0.05 and 1-tail
Ho =474 <W, <630, indicates accept Ho Ho = |Z| < |Z Critical|, indicates accept Ho

Hi= Wi <474 or if W, > 630, indicates reject ~ H,; = |Z| > |Z Criticall, indicates reject Ho
Ho

Table 4-8: Summary Results Hypothesis Test

Variables Tested Wi:>630 |Z| > 1.645 P-value  Significance
1 583.5 0.160 0.437
2 606.5 0.649 0.258
3 659.5 1.777 0.038 Yes
4 611.5 0.755 0.225
5 602.5 0.564 0.286
6 592 0.341 0.367
7 672.5 2.054 0.020 Yes
8 593 0.362 0.359
9 659.5 1.777 0.038 Yes
10 593 0.362 0.359
11 593 0.362 0.359
12 619 0.915 0.180
13 710 2.852 0.002 Yes
14 791.5 4.586 0.000 Yes
15 662.5 1.841 0.033 Yes
16 667 1.937 0.026 Yes
17 612 0.766 0.222
18 557 0.404 0.657
19 620.5 0.947 0.172
20 651 2.107 0.018 Yes
21 604 0.596 0.276
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22 651 1.734 0.041 Yes

23 638 1.830 0.034 Yes
24 610 0.724 0.235
25 613 0.787 0.216
26 650.5 2.096 0.018 Yes
27 623.5 1.011 0.156

Results of Hypothesis Testing:

Overall, the results of the hypothesis were limited by population size, which did not
represent a normal distribution. As a result, the hypothesis test results only apply to the
sample distribution. The results support the notion of establishing a convergent framework
for public sector digital service innovation and delivery by over barriers in the federal
acquisition process.

A statistical difference did exist between the public sector and private sector populations
sentiments for 11 of 27 questions about digital service innovation. The Strategic Marketing
influence category indicated statistical significance for the opinion on the use of the Internet.
This complemented two of three questions associated with the influence category-Barriers
and Digital Services indicating statistical significance. Next, the test displayed statistical
significance for three of three questions for the category of influence-Globalized Public
Sector Services. Under NAICS category of influence, only one question indicate significance
but directly impact the private sector group. For the International Trade influence category,
there was no significant difference in sentiment between the two groups. The Strategic
Planning influence category indicates significant difference one of three questions. Lastly,

the Strategic Outcome category indicated three of six questions.
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Table 4-9: Wilcoxon Test and Critical Value-Strategic Marketing

Strategic Marketing W= |Z| > P-value Sig
630 1.645
1 The access of resources by U.S. Small ~ 583.5 0.160 0.437

businesses for delivery of public sector
services via the international trade
market is beneficial to the U.S.
Economy.

2 Negative perceptions about offshoring  606.5 0.649 0.258
commoditized services deter public
sector innovations that otherwise are
beneficial to U.S. citizens and the

economy.
3 The employment of the Internet to 659.5 1.777 0.038 Ye
access international markets for the S

purpose of enabling the delivery of
public services is an acceptable option.

4 For U.S. small businesses that compete  611.5 0.755 0.225
for government contracts can improve
their capability offering to public sector
clients, if permitted to subcontract from
the domestic and international markets.

5 U.S. small businesses should be 602.5 0.564 0.286
allowed to source and access needed
expertise and other resources from the
international market via the Internet.

6 U.S. small businesses have or can 592 0.341 0.367
acquire the means to mitigate (cyber
and physical) risks and comply with
federal digital service contracts
opportunities security requirements.

The hypothesis test was applied to the category of influence Strategic Marketing indicated
Question 3 was statistical significance. The test displayed there was a difference in sentiment
between the public sector and private sector populations on the Global E-Commerce variable,
V3. The private sector population displays a more positive sentiment about the use of

innovative targeting through the use of the Internet beyond U.S. borders to target resources.

Table 4-10: Wilcoxon Test and Critical Value-Barriers and Digital Services

Barriers and Digital Services T2 |Z| > P- Sig
630 1.645 value

73



Q.7 Barriers need to be removed to increase 672.5

Small Business participation in public
sector digital service delivery.

2.054

0.020

Yes

Q.8 Small businesses are unable to select 593

correct NAICS codes because procurement
guidance is at times confusing and
inaccurate in the descriptions of digital
service requirements.

0.362

0.359

Q.9 Removal of procurement barriers to 659.5

increasing small business competition for
federal contracts that pertain to public
sector digital service delivery.

1.777

0.038

Yes

The hypothesis test was applied to the Barriers and Digital Services category of influence

indicated Questions 7 and 9 were statistical significance. The test displayed there was a

difference in sentiment between the public sector and private sector populations on the

Complexity Barriers variable, V7 and the Procurement Deregulation variable, V9. The data

indicate the private sector group was more likely to be impacted by government barriers

because of the impact on their profits and loss.

Table 4-11: Wilcoxon Test and Critical Value-International Trade

International Trade T1>630

1Z| >
1.645

P-
value

Sig

10  Leadership views international trade 593
agreements such as the North American
Foreign Trade Agreement (NAFTA) and
Trans Pacific Partnership (TPP) as
opportunities for new markets and
partnerships for U.S. Small businesses.

0.362

0.359

11  Current Federal policies for the use of 593
North American Industry Classification
System (NAICS) for Small Businesses to
partnering with micro-multinational
companies is understood.

0.362

0.359

12 It is important for U.S. businesses in 619
partnerships with micro-Multinational
companies to create new jobs for U.S.
based worked force for improving U.S.
industrial competitiveness.

0.915

0.180
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For the category of influence International Trade, there was no statistical significance. The
test displayed there was not a difference in sentiment between the public sector and private

sector populations.

Table 4-12: Wilcoxon Test and Critical Value- Globalized Public Sector Services

Globalized Public Sector Services T1> |Z| > P- Sig
630 1.645 value
13 Your organization is willing to collaborate 710 2.852 0.002  Yes

with micro-multinational partners via
online business networks and platforms on
the Internet to innovate services for the
public sector.
14  Your organization possesses the "know 791.5 4.586 0.000  Yes
how" and capacity to effectively manage
globally networked teams that include
technologists and entrepreneurs as well as
managers, finance, legal, sales, and
distribution personnel to deliver digital
service solution to the public sector.
15 The ability to stand up a global network 662.5 1.841 0.033  Yes
team via micro-multinational partners
would improve knowledge management to
reduce learning curves and solve problems
faster for a public sector client(s) while
reducing cost and creating access to expert
talent.

The category of influence Globalized Public Sector Services indicated there was statistical
significance for Questions 13, 14, and 15. The test displayed there was a difference in
sentiment between the public sector and private sector populations for the Global Virtual
Teams (GVT) variable, V13, the GVT Manage Capacity variable, V14, and the Productivity
variable, V15. The data indicated the private sector population display a more positive
sentiment about their organizations’ know-how to effectively manage a globally networked
team that include technologists and entrepreneurs. It also indicated positive sentiment

towards handling the logistics of digital service (i.e., managing the finance, legal, sales, and
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distribution of service) solution for the public sector. Lastly, the data indicated the pool of
experts from the private sector reveals a belief that global virtual teams (GVT) can be used to

improve public services.

Table 4-13: Wilcoxon Test and Critical Value-NAICS

North American Industry Classification T1> |Z| > P-value Sig
System (NAICS) 630 1.645
16  Use of North American Industry 667 1.937 0.026 Yes

Classification System (NAICS) code
selection process has prohibited your
organization from competing for some
federal contract opportunities.

17  The NAICS code process in federal 612 0.766 0.222
government contracting discouraged small
businesses from expanding to other
industries.

18 The NAICS codes enable effective targeted 557 0.404 0.657
marketing to match private sector
capabilities to public sector needs for
digitizable services and products

The hypothesis test was applied to the category of influence NAICS indicated Question 16

was statistical significance. The test displayed there was a difference in sentiment between

the public sector and private sector populations for the NAICS variable, V16.

Table 4-8: Wilcoxon Test and Critical Value-Strategic Planning

Strategic Planning T1> |Z| >1.645 P- Sig
630 value
19  Strategic Planning and Implementation for ~ 620.5 0.947 0.172

digital service requires alignment amongst
Federal Enterprise Architecture (FEA)
artifacts, NAICS Codes, and organizational
strategic plans.
20  Your organization contributes industry 651 2.107 0.018  Yes
insights or information in support of a
public sector driven market research effort
in the development of their strategic
acquisition plan.
21 The mapping between FEA business 604 0.596 0.276
reference codes (BRM) and NAICS may
be beneficial for future innovations
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towards the development of digital service
solutions for the public sector.

The hypothesis test was applied to the category of influence Strategic Planning indicated
Question 20 was statistically significant. The test displayed there was a difference in
sentiment between the public sector and private sector populations for the Shared View
variable, V20. The data indicated the private sector displayed higher sentiment towards
actively contributing to market research that enables the development of common and shared

awareness to support public sector strategic acquisitions for digital services.

Table 4-9: Wilcoxon Test and Critical Value-Strategic Outcome

Strategic Outcomes T1> |Z| > P- Sig
630 1.645 value
22 U.S. small businesses allowed to partner 651 1.734 0.041  Ye
with micro-Multinational companies can s
rapidly

expand their resourcing capacity and
capabilities to meet public sector clients’
needs for

implementing internal-facing digitizable
business processes and external-facing
digitizable services to the customer.

23  U.S. small businesses allowed to partner 638 1.830 0.034  Ye
with micro-Multinational companies will s
enhance

learning and growth about industry best
practices within the organization.
24 The convergence of service value chains 610 0.724 0.235
amongst public sector, small business,
and micro-Multinational participants
would enable the agencies to gain
strategic and financial benefits for the
American public.
25  The convergence of service value chains 613 0.787 0.216
amongst public sector, small business,
and micro-Multinational participants can
foster innovation and collaborations
across government, business, and to
implement digital services for the public
sector.
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26 The convergence of service value chains  650.5 2.096 0.018 Ye
amongst public sector, small business, S
and micro-Multinational participants can
promote and support entrepreneurial
vision and leadership.

27 A platform that unifies FEA BRM, 623.5 1.011 0.156
NAICS, and Federal product and service
codes, would be beneficial for small
business competition and enable
convergence between public and private
sectors.

The category of influence Globalized Public Sector Services indicated there was statistical

significance for Questions 22, 23, and 26. The test displayed there was a difference in
sentiment between the public sector and private sector populations for the Speed-to-Market
variable, V22, the Knowledge Management variable, V23, and the Intra/Entrepreneurism
variable, V26. The data indicated the private sector participants displayed a higher sentiment
towards the notion U.S. small businesses be allowed to partner with micro-multinational
companies. Additional, the data indicated the private sector group was more positive about
pooling resources to rapidly expand their resourcing capacity and capabilities to meet public
sector clients’ needs. Finally, the data positive sentiment to promoting entrepreneurialism
engagement with micro-multinational partners to implementing internal-facing digitizable
business processes and external-facing digital services to customers of public services.
4.14. Interviews

Seven (15%) of the expert respondents participated in semi-structured interviews. The
purpose of the interviews was to verify if their responses would be consistent with their
replies from the questionnaire. Similarly, the discussions help validate consistency with the
hypotheses tested. Finally, the researcher refined the experts’ feedback on the previously
provided problems encountered with the data collection instruments. The interviews afforded
the respondents an opportunity to improve the data collected for the study through re-

wording, clarifying the definition of terms, or removing unclear content. For example, input
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from respondent led to data re-coding for two items in the questionnaire to better achieve the
aim of the questions. The researcher presented five open-ended questions to the respondents
after they completed original questionnaire composed of 27 questions scored on a 5-point
Likert scale. The interviewed experts proved responses to the five questions below.

1. Can a public sector digital service model delivery be developed to enable small
businesses to leverage multinational markets to fulfill U.S. public sector service
demand?

2. What are the public sector services that can benefit the most from such a model?

3. Can this be achieved in a climate of heightened cyber security concerns?

4. What are barriers that need to be removed to increase Small Business participation in
public sector digital service delivery?

5. Identify potential impacts of removing barriers to increase Small Business

participation in public sector digital service delivery?

The feedback from the experts was favorable in regards to the clarity of the questions. The
duration of the interviews ranged from 17 to 45 minutes. In each case, the experts elaborated
in more detail according to their domain of expertise. The interviews were representative of
the larger pool of respondents. For example, three of seven experts were the presidents of
SBOs, two of seven respondents were senior government executives (SESs), and two experts
held senior level positions in multinational corporations.

In response to the first question, there was overall agreement from the experts the service
model applied to the public sector. However, all the experts indicated that practice in the
commercial sector is much easier. A key factor for success is a shared and better
understanding of politics and laws in regards to digital services and innovation. The experts

expressed concern about current uncertainty in the public sector. The experts conveyed their
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knowledge element relevant to digital service execution, coordination, and security as
follows: (a) expandable to all levels of government, to include municipalities; (b) improve
clarity on data types subject to a service model; (c) cost-cutting opportunity for the
government and small businesses; (d) operational efficiencies and quality achievable over
time; and (e) establishment of clear roles and responsibilities.

In response to the second question, the respondents expressed universal acknowledgment that
the model would be a new approach for government services. One respondent from a
multinational corporation suggested that the government lacks any true pioneers in
offshoring. Another expert highlighted the lack of government framework for transformation
maturity and readiness in the implementation of digital services. All of the interview experts
expressed potential benefits, including (a) reducing timelines in the deployment of services;
(b) improving clarity on digital service legal and logistics issues; (c¢) migrating government
from relying on lower level intuition; (d) increasing data-driven decision-making; (e)
improving decision-making in the development of service capabilities; and (f) growing the
demand-supply curve for business and operations analytics.

In response to the third question, most experts indicated that this process could not be
achieved in a climate of heightened cyber security clearance. All the participants cited
privacy and cyber security as the top risk to SBOs, although many respondents also felt that
small businesses might lack the capacity to manage digital service operations that require
large-scale cyber security apparatus. One respondent highlighted the concern that
cybersecurity could be used a tool to limit upward economic mobility. Another common
sentiment expressed by the experts reflected extreme concern about opening public service
system to International IT partners. Three experts identified managing data sensitivity as the
pathway to the responsibly engaging digital services across borders. Moreover, all the experts

highlighted that insider threats were as prevalent as external cyber threats. When probed
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further, each respondent expressed a mixed viewpoint that reflected acceptance of managing
cybersecurity risk as the cost of doing business. If presented with an opportunity in the
context of offshoring digital services, the critical factor for success from the experts’
perspectives are as follows: (a) training federal staff and contractors on import/export
offshoring risks; (b) establishing an affordable apparatus for continuous monitor and control;
(c) ensuring that cybersecurity measure are more prudential than political; (d) developing
trust; and (e) creating a well-established and agreed-upon vetting criterion.

In response to the fourth question, the interviewees overwhelmingly indicated that more
advocacy was necessary to support small businesses. Additionally, the experts suggested that
small businesses need to be clear and consistent about the space they want to compete. The
suggestion generated the notion that NAICS usage can be improved to characterize SBOs
capabilities better. One respondent indicated the lack of discussion in the public sector
regarding small businesses, services, and trade agreements. This viewpoint supports the
expert's position relating to the need for SBOs’ digital service advocacy to create a better
understanding of what exists in the open markets. One expert expressed the need for controls
in government contracting to minimize contract persuasion that proceeds NAICS capability
development. One expert emphasized that NAICS would not change because the original
intent of the NAICS was economic statistics analysis; however, better usage of NAICS
through concordance with government product and service codes could help the government
improve digital service innovations in the public sector. Other steps to remove barriers
expressed by the experts included the following: (a) to develop a digital service
transformation readiness framework; (b) to simplify digital service trade agreements; (c) to
create education and awareness on digital service import export laws; (d) to strengthen
contracting knowledge in digital service policy formulation and implementation; and (e) to

advocate for commercialized security apparatus to compartmentalize code.
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The experts’ responses to barrier removal public sector digital service delivery centered
on improvements in talent acquisition. One respondent indicated that increased advertising
and advocacy would enable the federal sector to use the right people and to expand digital
services. The suggestion was complemented by comments from another expert, a small
business owner, who indicated that accessing talent beyond borders would be a game changer
for small businesses. Other comments from the respondents included pricing models for the
public sector services that might reduce labor rates and generate cost value for government.
One expert believed that removing barriers would lead to more innovative practices by the
government with the expanded capacity to develop and deploy digital services. Collectively,
the experts felt that removing institutional barriers would improve competition. Moreover,
the respondents expressed the belief that increased interaction among government
stakeholders and small businesses would enable better matching of public needs and small
business capabilities.

4.15. Chapter Summary

In this chapter, the researcher presented the data analysis methods, and results from the
descriptive statistics and series of multivariate regression analyses performed to determine
relationships. The results from the data analysis and hypothesis testing support the posited
hypothesis associated with Question 1 and Question 2. Additionally, in Chapter 4, the
researcher presented feedback gathered from a sample of experts, seven of which (15%)

participated in interviews based on semi-structured questions.

82



Chapter 5. Findings, Recommendations, and Conclusions
5. Overview

This study assessed the sentiments and beliefs of public and private sector experts’ that a
strategic framework for digital services acquisition and subsequent implementation could be
employed to achieve global as well as local outsourcing. While technically feasible, central to
the feasibility of adopting the framework is prudent U.S. government reform of policies and
practices in the areas of trade agreements, technology, procurement, and cyber security. A
statistical difference existed between the public sector and private sector populations
sentiments for 11 of 27 questions about digital service innovation.

Regression models NAICS PSD (V18), NAICS Strategic P&E (V19), and NAICS EA
(V21) highlighted as the response variables with the most explainable variance through.
Three treatment the data were applied to included full multivariate regression, backward
elimination, and PCR. The findings affirm a tightening of the variance spread to improve the
fidelity of the model and bears a positive relationship to the feedback from the subsequent
interviews.

5.1. Findings

The Strategic Marketing influence category indicated statistical significance for the
opinion on the use of the Internet. Subsequently, two of three questions associated with the
following group, Barriers and Digital Services indicating statistical significance. Next, the
test displayed statistical significance for three of three questions for the category of
influence-Globalized Public Sector Services. Under NAICS category of influence, only one
question indicate significance but directly impact the private sector group. For the
International Trade group, there was no significant difference in sentiment between the two
groups. The Strategic Planning category indicates significant difference one of three

questions. Lastly, the Strategic Outcome category showed statistical significance for three of
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six questions. The most notable finding was the difference in sentiments between the two
groups conveyed about the notion of globalizing digital public service. The needed for
consistent and standardized management practices and tools was the foremost concern. It
indicated that controlling access to sensitive data was a central theme between the two
groups.

Conversely, for 16 of 27 questions, there was no statistical difference between the two
groups of experts. There was no difference in regards to sentiments about the federal
government and small businesses benefitting from compressed delivery schedules, reduced
cost, and better decision-making. The data and the structure interviews revealed no difference
in sentiment towards the notion of the federal government or big business implementing a
national cyber security apparatus that would not hamper small business participation.

A key finding in the data indicated a difference in sentiment between the private sector
group and public sector group in using the Internet as a tool for managing international labor
resources. This finding could be due to the difference in attitude about the assumption of risk
to achieve due forces associated with risk of business survival based on profit and loss
compared versus the moral hazard of violating the public's trust. This assertion appears to
align with the statistical significance of V3.

The data also reveal a difference in perception of barriers in the procurement process. The
data indicate the Public Sector group perceived fewer barriers and bureaucracy than the
Private sector group highlights the statistical significance for V7 and V9.

The statistical significance for V13, V14, and V15 indicated a greater tendency towards
risk aversion in the Public Sector group for innovations involving Globalized Public Sector
Services. Moreover, the data from the results for V13, V14, and V15 indicates a difference in

sentiment between the two groups may be due to the Public Sector group lacking organic
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expertise with the latest technical knowledge to manage and oversee global virtual teams
locally or internationally.

The data for V20, V22, and V26 provided leading indication for support and aligned
with the results of the regression analysis performed. The three stages of regression
analysis aimed to determine in results would reach the threshold of acceptance for an

exploratory study.

Table 5-1: Summary of Coefficient Regression

V18 V19 V21

NAICS NAICS NAICS

PSD.Services  Strategic EA

P&E

Pr > F (Goodness of Fit) 0.11 0.01 0
R-Sq (Full Regression) 0.68 0.77 0.83
Adj. R-Sq (Full Regression) 0.28 0.49 0.61
Degrees of Freedom 26 26 26
Pr > F(Goodness of Fit) 0 0 0
R-Sq (Backward Elimination) 0.56 0.67 0.80
Adj. R-Sq (Backward Elimination) 0.46 0.59 0.74
Degrees of Freedom 9 9 11
Pr > F(Goodness of Fit) 0 0 0
R-Sq (PCR) 0.75 0.60 0.72
Adj. R-Sq (PCR) 0.69 0.50 0.65
Degrees of Freedom 9 9 9

Table 5-1 illustrates comparison the summary of F-test and coefficient regressions results.
The findings revealed models NAICS PSD (V18), NAICS _Strategic P&E (V19), and
NAICS_EA (V21) as the response variables with the most explainable variance The
regression model V21 is most preferred to support a convergent framework for public sector

digital service innovation with R? values 0.83, 0.80, and 0.72, respectively, after three
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treatments. V21 consistently yielded values for R%; adjusted R* exceeded the acceptable
threshold of 0.60 for exploratory research, displaying acceptable predictive accuracy and
goodness of fit.
5.2. Recommendations

The results of this study can have a positive impact on how federal managers plan and
execute digital service innovations. The digital economy still has many uncertainties
regarding what future of digital services will emerge and public-private implementation of
such services. It certainly presents opportunities for the U.S. Government and its citizens, if
engaged responsibly. Another certainty is the need for public and private collaborative
partnerships to bring all perspectives to bear for secure and practical digital service solutions.
Policies and practice for digital service will need to be conscientious and forward-leaning to
handle the risks and opportunities of the new economy. The U.S. government, at the agency
level, should invest in research to prepare the next cadre of federal managers and foster a
more inclusive planning and execution process that can manage the global aspects of e-
commerce to be harnessed by the U.S. Government. Moreover, the U.S. government should
further research the semantics or standard language in a multi-language world for digital
services. Further research also needs to be conducted for developing trust and vetting
criterion multi-national partnerships for federal contracts. Another research opportunity
would be to develop a better understanding of the strategic and tactical elements for digital
service transformation readiness framework for the public sector. There are many
complexities associated with trade agreements. Future researchers may aim to simplify digital
service trade agreements that may be leveraged by the public sector. Future research
opportunities may entail identifying additional potential predictor variables with adequate
explanatory power for public sector digital service innovating and provisioning. Another

question which future researchers may address is how cultural dimensions affect the
86



influence of other predictors and the development of online services. Finally, future research
should be conducted to expand the application of Machine Learning to Public Sector Digital

Service Innovation decision making.

5.3. Conclusion

While not conclusive due to the size of the study population, the findings revealed the two
groups share the same sentiments about the development of but the proposed practical
framework. The data showed there were consistent echoes about the need for such a model in
the public sector that was more private sector, more specifically, small business friendly.
Although there were group differences in the seven influence categories, the differences in
sentiments may be attributed to limited exposure to the most current industry practices more
readily engaged by the Private Sector group. As a result, the Private Sector experts tend to be
more receptive to exploring new approaches to tackling the problems that inhibit the
opportunities. This viewpoint was most notable when addressing sentiments associated with
partnering with the international talent pool. The risk adverse attitudes of the public sector
experts are understandable given that group tends to have less interaction with the global

market than its private sector counterparts.

This study was an exploratory research about expert opinions from the public, private, and
multinational sector on extending the using NAICS codes in a planning and implementation
framework for digital services. The study demonstrated a combined approach composed of
qualitative and quantitative methods to assess the attitudes and opinions of experts from the

federal government, small business leaders, and private sector managers.

The overall conclusion from the experts’ responses and the group interviews is a belief
that a strategic framework for digital services can be executed technically if the U.S.

government supports the approach. This study aims to provide a framework based on current
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industry practice and market influences. Implementation of the framework requires prudent
reform of policies and practices in the areas of trade agreements, technology, procurement,
and cyber security. In closing, the proposed framework may provide federal agency
managers’ insights to improve their resources and remove barriers to implementing

innovative digital services in the public sector.
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Appendix A: Data Collection Instruments

Dear Mr. /Ms.

I am writing to tell you about a study on the development of a Practical Framework for Digital
Service Innovation in the Public Sector: Improving North American Industry Classification
System Usage to Enable Convergence of the Public, Private, And Multinational participants,
being conducted by the George Washington University. We, at Department of Engineering
Management and System Engineering, School of Engineering and Applied Science from
George Washington University (Washington, DC, USA) are soliciting expert judgment on the
development of a framework that supports digital service innovation in the public sector.
Through this research, we aim to provide federal managers and small businesses with a
framework for delivering public sector digital services. We would like your valuable inputs on
your organization’s position on pursing Offshoring with Micro-Multinational Companies to
pursue opportunities to deliver digital service to the public sector clients. Your responses will
be held in confidence and will be available only in summarized and aggregated form. No one
else other than us will have access to individual inputs.

If you have any questions regarding this study, please feel free to contact us at, Science &
Engineering Hall, Department of Engineering Management and System Engineering, School of
Engineering and Applied Science, George Washington University, 800 22nd St NW,
Washington, DC 20052, USA. You can send an email at mlstewart@gwu.edu for any additional
information you may require. If you would like to receive an executive summary of the results,
please email at mlstewart@gwu.edu.

We appreciate your participation in this research project.

Sincerely,

Marcus L. Stewart, Doctoral Candidate Date: October 29, 2016

Dr. Thomas A Mazzuchi, Professor

Figure A-1: Study Invitation Letter
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Expert Judgment Questionnaire

Expert Judgment Questionnaire

The purpose of this questionnaire is to solicit input from federal managers and U.S. small businesses in
support the development of a practical framework for delivering public sector digital services. We would
like your valuable inputs on your organization’s position on establishing offshoring partnerships with
micro-multinational companies to pursue opportunities to deliver digital service to public sector clients.
Micro-multinational companies are small, entrepreneurial businesses that can complement U.S. small
business operations by providing resources or hiring staff in one or more overseas markets.

1. Email address *

2. What is your leadership/ expert perspective ?
Check all that apply.

D Corporate
|| Technical
[ ] Acquisition/Contracting

D Human Resource

Strategic Marketing

The following set of statements pertain to barriers to small businesses in public sector digital service

market. Please indicate your agreement or disagreement with the following statements using a scale from
Strongly Disagree to Strongly Agree.

1. Access to resources by U.S. small businesses for delivery of public sector services via the
international trade market is beneficial to the U.S. Economy.

Mark only one oval.

1 2 3 4 5
Strongly Disagree ) ) Strongly Agree

2. Negative perceptions about offshoring commoditized services deter public sector
innovations that otherwise are beneficial to U.S. citizens and the economy.
Mark only one oval.

1 2 3 4 5

Strongly Disagree Q D Q Q D Strongly Agree

3. The employment of the Internet to access international marke ts for the purpose of enabling
the delivery of public services is an acceptable option.
Mark only one oval.

1 2 3 4 5

Strongly Disagree @ O Strongly Agree

https://docs.google.com/forms/d/12zszyniMD-pHu_1wI801Ue5h79PxYx8C166XRs73Edo/edit
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a Expert Judgment Questionnaire

4. For U.S. small businesses that compete for government contracts, can they improve their
capability offering to public sector clients, if permitted to subcontract from the domestic and
international markets.

Mark only one oval.

1 2 3 4 5
Strongly Disagree @ Q O D O Strongly Agree

5. U.S. small businesses should be allowed to source and access needed expertise and other
resource from the international market via the Internet.

Mark only one oval.

1 2 3 4 5

Strongly Disagree @ D Q D Q Strongly Agree

6. U.S. small businesses have or can acquire the means to mitigate (cyber and physical ) risks
and comply with federal digital service contracts opportunities security requirements.

Mark only one oval.

1 2 3 4 5

Strongly Disagree Q O C) O D Strongly Agree

Barriers and Digital Services

The following set of statements pertain to Barriers to small businesses in public sector digital service
market. Please indicate your agreement or disagreement with the following statements using a scale from
Strongly Disagree to Strongly Agree.

7. Barriers need to be removed to increase small business participation in public sector digital
service delivery.

Mark only one oval.
1 2 3 4 5

Strongly Disagree Q Q Q Q Q Strongly Agree

8. Small businesses are unable to select correct NAICS codes because procurement guidance
are at times confusing and inaccurate in the descriptions of digital service requirements.

Mark only one oval.

1 2 3 4 5

Strongly Disagree @ D @ D D Strongly Agree

https://docs.google.com/forms/d/12zszyniMD-pHu_1wl801Ue5h79PxYx8C166XRs73Edo/edit
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9. Removal of procurement barriers increase small business competition for federal contracts
that pertain to public sector digital service delivery.

Mark only one oval.

Strongly Disagree Strongly Agree

International Trade

The following set of statements pertain to Small Business understanding of international trade. Indicate
your agreement or disagreement with the following statements using a scale from Strongly Disagree to
Strongly Agree.

10. Leadership views international trade agreements such as the North American Foreign
Trade Agreement (NAFTA) and Trans Pacific Partnership (TPP) as an opportunities for new
markets and partnerships for U.S. small businesses.

Mark only one oval.

Strongly Disagree Strongly Agree

11. Current Federal policies for use of North American Industry Classification System (NAICS)
for U.S. small businesses to partnering with micro-multinational companies is understood.

Mark only one oval.

Strongly Disagree Strongly Agree

12. It is important for U.S. businesses in partnerships with micro-Multinational companies to
create new jobs for U.S. based work force for improving U.S. industrial competitiveness.

Mark only one oval.

Strongly Disagree Strongly Agree

Globalized Public Sector Services

The following set of statements pertain to globalized resourcing to support Public Service Digital Service.
Indicate your agreement or disagreement with the following statements using a scale from Strongly
Disagree to Strongly Agree.

13. Your organization is willing to collaborate with micro-multinational partners via online
business networks and platforms on the Internet to innovate services for the public sector.

Mark only one oval.

Strongly Disagree Strongly Agree

https://docs.google.com/forms/d/12zszyniMD-pHu_1wI801Ue5h79PxYx8C166XRs73Edo/edit
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Figure A-4: Study Questionnaire (Cont.)
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a Expert Judgment Questionnaire

14. Your organization possesses the “know how” and capacity to effectively manage a
globally networked teams that includes technologists and entrepreneurs as well as managers,
finance, legal, sales, and distribution personnel to deliver digital service solution to the public
sector.

Mark only one oval.

Strongly Disagree Strongly Agree

15. The ability to stand up a globally network team via micro-multinational partners would
improve knowledge management to reduce learning curves and solve problems faster for a
public sector client(s), while reducing cost, and creating access expert talent.

Mark only one oval.

Strongly Disagree Strongly Agree

North American Industry Classification System (NAICS)

The following set of statements pertain to use of NAICS to resource for Public Service Digital Service.
Indicate your agreement or disagreement with the following statements using a scale from Strongly
Disagree to Strongly Agree.

16. Use of North American Industry Classification System (NAICS) code selection process has
prohibited your organization from competing for some federal contract opportunities .

Mark only one oval.

Strongly Disagree Strongly Agree

17. The NAICS code process in federal government contracting discourage small businesses
from expanding to other industries.
Mark only one oval.

Strongly Disagree Strongly Agree

18. The NAICS codes enable effective targeted marketing to match private sector capabilities
to public sector needs for digitizable services and products.

Mark only one oval.

Strongly Disagree Strongly Agree

Strategic Planning

The following set of statements pertain to Strategic Planning and Implementation Framework for Digital
Service. Indicate your agreement or disagreement with the following statements using a scale from
Strongly Disagree to Strongly Agree.

https://docs.google.com/forms/d/12zszyniMD-pHu_1wI801Ue5h79PxYx8C166XRs73Edo/edit
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Figure A-5: Study Questionnaire (Cont.)
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a Expert Judgment Questionnaire

19. Strategic Planning and Implementation for digital service requires alignment amongst
Federal Enterprise Architecture (FEA) artifacts, NAICS Codes, and organizational strategic
plans.

Mark only one oval.

Strongly Disagree Strongly Agree

20. Your organization contributes industry insights or information in support of a public
sector driven market research effort in the development of their strategic acquisition plan.

Mark only one oval.

Strongly Disagree Strongly Agree

21. The mapping between FEA business reference codes (BRM) and NAICS may be beneficial
for future innovations towards development of digital service solutions for public sector.

Mark only one oval.

Strongly Disagree Strongly Agree

Strategic Outcomes

The following set of statements pertain to the extent to which you believe agency outcomes will be
achieved by allowing U.S. small businesses who access resources from the international markets and to
compete for federal contracts will enable agencies to meet their digital service objectives. Please indicate
your agreement or disagreement with the following statements using a scale from Strongly Disagree to
Strongly Agree.

22. U.S. small businesses allowed to partner with micro-Multinational companies can rapidly
expand their resourcing capacity and capabilities to meet public sector clients’ needs for
implementing internal-facing digitizable business processes and external-facing digitizable
services to customer.

Mark only one oval.

Strongly Disagree Strongly Agree

23. U.S. small businesses allowed to partner with micro-Multinational companies will enhance
learning and growth about industry best practices within the organization.

Mark only one oval.

Strongly Disagree Strongly Agree

https://docs.google.com/forms/d/12zszyniMD-pHu_1wl801Ue5h79PxYx8C166XRs73Edo/edit
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Figure A-6: Study Questionnaire (Cont.)
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Expert Judgment Questionnaire

24, The convergence of service value chains amongst public sector, small business, and
micro-Multinational participants would enable the agencies to gain strategic and financial
benefits for the American public.

Mark only one oval.

1 2 3 4 5
Strongly Disagree Q Q O O O Strongly Agree

25. The convergence of service value chains amongst public sector, small business, and
micro-Multinational participants can foster innovation and collaborations across government,
business, and to implement digital services for the public sector.

Mark only one oval.

1 2 3 4 5
Strongly Disagree Q D D D O Strongly Agree

26. The convergence of service value chains amongst public sector, small business, and
micro-Multinational participants can promote and support entrepreneurial vision and
leadership.

Mark only one oval.
1 2 3 4 5

Strongly Disagree @ D O O O Strongly Agree

27. A platform that unifies FEA BRM, NAICS, and Federal product and service codes, would be
beneficial for small business competition and enable convergence between public and private
sectors.

Mark only one oval.

1 2 3 4 5

Strongly Disagree @ D D D D Strongly Agree

A copy of your responses will be emailed to the address you provided

Powered by

B Google Forms

https://docs.google.com/forms/d/12zszyniMD-pHu_1wI801Ue5h79PxYx8C166XRs73Edo/edit
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Figure A-7: Study Questionnaire (Cont.)
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: Raw Data

Appendix B

: Raw Data
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Appendix C: Respondents’ Sentiment Data

47 Responses

What is your leadership/ Expert perspective?
Corporate 28  60.9%

Technical 21  45.7%

Corporate I Acquisition/Contracting 15 32.6%
Technica
Acquisition/Contracting I
Human Resource Il

Expert Perspective

Human Resource 4 8.7%

0 10 20 30

Strategic Marketing

1. Access to resources by U.S. small businesses for delivery of public sector services via
the international trade market is beneficial to the U.S. Economy. Advocatestrategic
targeting

20

o

Strongly Disagree: 1 0%

15 16
15 12 2 8.5%
10 3 12 255%
4 I 4 15 31.9%
0 0 - Strongly Agree: 5 16 34%

Strongly 2 3 4 Strongly
Disagree: 1 Agree: 5

I

&)]

2. Negative perceptions about offshoring commoditized services deter public sector
innovations that otherwise are beneficial to U.S. citizens and the economy. Advocate
offshoring

25 22 Strongly Disagree: 1 2 4.3%
20
15 11 2 5 10.6%
10 z
c > 5 . - 3 11 23.4%
0 = 4 22 46.8%
Strongly 2 3 4 Strongly
Disagree: Agree: 5 Strongly Agree: 5 7 14.9%
1
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3. The employment of the Internet to access international markets for the purpose of
enabling the delivery of public services is an acceptable option. Advocate public sector
global ecommerce

Strongly Disagree: 1 1 2.1%

25
20
15 2 1 2.1%
10 . . 3012 255%
0 4 20 42.6%
Strongly 2 4 Strongly
Disagree: Agree: 5 Strongly Agree: 5 13 27.7%
1

4. For U.S. small businesses that compete for government contracts, can they improve
their capability offering to public sector clients, if permitted to subcontract from the
domestic and international markets? Advocate open competition

20 18 - Strongly Disagree: 1 0 0%
15 11 2 3 6.4%
10
5 0 3 3 11 234%
0 4 18 383%
Strongly 2 3 4 Strongly
Disagree: Agree: 5 Strongly Agree: 5 15 31.9%
1

5. U.S. small businesses should be allowed to source and access needed expertise and
other resource from the international market via the Internet. Advocate access to
expertise beyond borders

25 Strongly Disagree: 1 2 4.3%

20
15 2 3 6.4%

10
3 13 27.7%
(5) — || . I . ’

4 20 42.6%

Strongly 2 4 Strongly
Dlsigree Agree: 5 Strongly Agree: 5 9 19.1%

104



6. U.S. small businesses have or can acquire the means to mitigate (cyber and physical)
risks and comply with federal digital service contracts opportunities security
requirements. Advocate maaging risk of cyber security

Strongly Disagree: 1 1 2.1%

20
1o I 27 149%
g 1 - . - 3 14 298%
Strongly 2 Strongly 4 18 38.3%
Disigree_ Agree: 5 Strongly Agree: 5 7 149%

Barriers and Digital Services

7. Barriers need to be removed to increase small business participation in public sector
digital service delivery. Advocate removal of operational Barriers

25 Strongly Disagree: 1 0 0%
2 2 1 22%
v 1 |_| H |_‘ 36 13%
’ Strongly 2 4 Strongly 4 20 43.5%

Disigree: Agree: 5 Strongly Agree: 5 19 41.3%

8. Small businesses are unable to select correct NAICS codes because procurement
guidance are at times confusing and inaccurate in the descriptions of digital service
requirements. Advocate NAICS awareness and education

20 Strongly Disagree: 1 4 8.7%
15 2 5 10.9%
10 I I I 315 32.6%
5
4 11 23.9%

0 - I

Strongly 2 Strongly Strongly Agree: 5 11 23.9%

Disagree: Agree: 5

1
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9. Removal of procurement barriers increase small business competition for federal
contracts that pertain to public sector digital service delivery. Advocate procurement
deregulation to increase competition

Strongly Disagree: 1 1 2.1%
2 1 2.1%

15
10 3 7  149%
0
|—| 4 18 383%

Strongly 2 4 Strongly Strongly Agree: 5 20  42.6%
Disagree: 1 Agree: 5

20

International Trade

10. Leadership views international trade agreements such as the North American Foreign
Trade Agreement (NAFTA) and Trans Pacific Partnership (TPP) as an opportunities for
new markets and partnerships for U.S. small businesses. Advocate remaoal of anti-trade
barriers

20 Strongly Disagree: 1 2 4.3%
15 2 7 152%
o I . 3019 413%
[ ] . [ 4 15 32.6%
Strongly 2 Strongly Strongly Agree: 5 3 6.5%
Disagree: 1 Agree: 5

11. Current Federal policies for use of North American Industry Classification System
(NAICS) for U.S. small businesses to partner with micro-multinational companies is
understood. Advocate international partnering

25 Strongly Disagree: 1 7 152%
20

2 22 47.8%
15

10 313 28.3%
- - 0 4 4 87%

Strongly 2 Strongly Strongly Agree: 5 0 0%
Disagree: 1 Agree: 5
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12. Tt is important for U.S. businesses in partnerships with micro-Multinational
companies to create new jobs for U.S. based work force for improving U.S. industrial
competitiveness. Advocate U.S. Job creation

20 Strongly Disagree: 1 0 0%
20 2 1 2.1%
10 . 3 14 29.8%
0 - 4 25 53.2%
Strongly 2 4 Strongly
Disagree: Agree: 5 Strongly Agree: 5 7 14.9%
1

Globalized Public Sector Services

13. Your organization is willing to collaborate with micro-multinational partners via
online business networks and platforms on the Internet to innovate services for the public
sector. Advocates innovation via global virtual networks

Strongly Disagree: 1 5 10.6%

20

15 2 10 21.3%

10 3 15 31.9%
5

© . N I
Strongly 2 Strongly Strongly Agree: 5 8 17%
Disagree: 1 Agree: 5

14. Your organization possesses the know-how and capacity to effectively manage a
globally networked teams that includes technologists and entrepreneurs as well as
managers, finance, legal, sales, and distribution personnel to deliver digital service
solution to the public sector. Advocate global virtual network management capacity

20 Strongly Disagree: 1 7 152%

10 210 21.7%

. |_|5 ’—‘ 3008 174%

0 4 13 283%
Strongly 2 Strongly )

Disagree: 1 Agree: 5 Strongly Agree: 5 8 17.4%

15
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15. The ability to stand up a globally network team via micro-multinational partners
would improve knowledge management to reduce learning curves and solve problems
faster for a public sector client(s), while reducing cost, and creating access expert talent.
Adwvocate generation of productivity improvements

20 Strongly Disagree: 1 1 2.1%
15 2 6 12.8%

10 317 362%
4 14 298%

Stror‘g'y 2 4 Strongly Strongly Agree: 5 9 19.1%
Disagree: 1 Agree: 5

North American Industry Classification System (NAICS)

16. Use of North American Industry Classification System (NAICS) code selection
process has prohibited your organization from competing for some federal contract
opportunities. Advocate NAICS competition

20 Strongly Disagree: 1 15 33.3%

15 2 7  15.6%

10

; l l o

: N — b
Strongly 2 Strongly

Disagree: 1 Agree: 5 Strongly Agree: 5 3 6.7%

17. The NAICS code process in federal government contracting discourage small
businesses from expanding to other industries. Advocates NAICS entering new markets

15 1 Strongly Disagree: 1 11  23.9%
10 2 10 21.7%
5 I I l 3 14 304%
0 - 4 8 174%
Strongly 2 Strongly

6.5%

w

Disagree: 1 Agree: 5 Strongly Agree: 5

108



18. The NAICS codes enable effective targeted marketing to match private sector
capabilities to public sector needs for digitizable services and products. Advocates
NAICS supports digitaPublic service sector

30 Strongly Disagree: 1 4 8.7%
20 2 6 13%
10 3 26 56.5%
- : :
0 - - 4 9 19.6%
Strongly 2 4 Strongly Strongly Agree: 5 1 22%
Disagree: 1 Agree: 5

Strategic Planning

19. Strategic planning and implementation for digital service requires alignment amongst
Federal Enterprise Architecture (FEA) artifacts, NAICS Codes, and organizational
strategic plans. Advocate aliging NAICS with strategic planning and execution

25 Strongly Disagree: 1 1 2.2%
20
15 2 2 4.3%
10 . 310 21.7%
g
0 — — 4 22 47.8%
Strongly 2 4 Strongly .
Disagree: 1 Agree: 5 Strongly Agree: 5 11 23.9%

20. Your organization contributes industry insights or information in support of a public
sector driven market research effort in the development of their strategic acquisition plan.
Advocate internal and industry situational awareness

N

20 Strongly Disagree: 1 8.5%

15 2 5 10.6%

10 5 314 29.8%
5

- - ] 4 19  40.4%
0

Strongly 2 Strongly Strongly Agree: 5 5 10.6%
Disagree: 1 Agree: 5
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21. The mapping between FEA business reference codes (BRM) and NAICS may be
beneficial for future innovations towards development of digital service solutions for
public sector. Advocate NAICS and EA mapping

25 Strongly Disagree: 1 1 2.2%
20
15 2 1 2.2%
10 l 3 14 31.1%
5 1
strongly 2 Strongly Strongly Agree: 5 6  13.3%

Disagree: 1 Agree: 5

Strategic Outcomes

22. U.S. small businesses allowed to partner with micro-Multinational companies can
rapidly expand their resourcing capacity and capabilities to meet public sector clients’
needs for implementing internal-facing digitizable business processes and external-facing
digitizable services to customer. Advocate Improving service speed to market

20 Strongly Disagree: 1 0 0%
15 2 3 6.4%
10 3016 34%
5
A - . 4 19 40.4%
Strongly 2 4 Strongly Strongly Agree: 5 9 19.1%
Disagree: 1 Agree: 5

23. U.S. small businesses allowed to partner with micro-Multinational companies will
enhance learning and growth about industry best practices within the organization.
Advocate improving organizational knowledge managemen

25 - Strongly Disagree: 1 0 0%
20 2 6 12.8%
15 10 11
10 6 3 10 21.3%
g 0 4 20 42.6%
Strongly 2 3 4 Strongly Strongly Agree: 5 11  23.4%

Disagree: 1 Agree: 5
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24. The convergence of service value chains amongst public sector, small business, and
micro-Multinational participants would enable the agencies to gain strategic and financial
benefits for the American public. Advocate convergence through valubain

25
20
15
10

&)

22
18
5
= e

Strongly 2 3 4
Disagree: 1

Strongly
Agree: 5

Strongly Disagree: 1
2
3
4

Strongly Agree: 5

0
2
18
22
5

0%
4.3%
38.3%
46.8%
10.6%

25. The convergence of service value chains amongst public sector, small business, and

micro-Multinational participants can foster innovation and collaborations across

government, business, and to implement digital services for the public sector. Advocate
innovation through convergence

25
20
15
10
5
0

23
13 l
. 7
O mmm . I

Strongly 2 3 4 Strongly
Disagree: Agree: 5
1

Strongly Disagree: 1
2
3
4

Strongly Agree: 5

0
4
13
23
7

0%
8.5%
27.7%
48.9%
14.9%

26. The convergence of service value chains amongst public sector, small business, and
micro-Multinational participants can promote and support entrepreneurial vision and
leadership. Advocate intraéntrepreneurisnthrough convergence

30

20

10

24
13
8
0 1
Strongly 2 3 4 Strongly
Disagree: 1 Agree: 5
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2
3
4

Strongly Agree: 5

13
24

0%
2.2%
28.3%
52.2%
17.4%



27. A platform that unifies FEA BRM, NAICS, and Federal product and service codes,
would be beneficial for small business competition and enable convergence between
public and private sectors. Advocate convergence throtgunifying planning and
execution platform

25 21 Strongly Disagree: 1 0 0%
20 18
2 3 6.4%
15
10 . I 5 3 18 38.3%
5
0 0 a— [ 4 21 44.7%
Strongly 2 3 4 Strongly Strongly Agree: 5 5 10.6%
Disagree: 1 Agree: 5
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Appendix D: Data Reliability

Table D-1: ANOVA (Cronbach Alpha evaluation)

Analysis of Variance (NOVA): Two-Factor Without Replication: 27 Variables

Source of Variation SS df MS F
Rows 209.22 46.00 4.55 5.61
Columns 275.56 26.00 10.60 13.06
Error 970.44 1196.00 0.81

Total 1455.22 1268.00

Cronbach Alpha 0.82
SUMMARY of Data Count Sum Average Variance
Row 1 27 103 3.81 1.23
Row 2 27 100 3.70 0.37
Row 3 27 122 4.52 1.26
Row 4 27 79 2.93 1.92
Row 5 27 109 4.04 0.88
Row 6 27 93 3.44 0.79
Row 7 27 85 3.15 0.67
Row 8 27 106 3.93 1.07
Row 9 27 103 3.81 0.85
Row 10 27 93 3.44 0.72
Row 11 27 102 3.78 1.10
Row 12 27 90 3.33 1.08
Row 13 27 98 3.63 0.63
Row 14 27 87 3.22 2.41
Row 15 27 100 3.70 0.45
Row 16 27 86 3.19 1.16
Row 17 27 92 341 1.10
Row 18 27 86 3.19 1.16
Row 19 27 90 3.33 0.46
Row 20 27 96 3.56 1.33
Row 21 27 116 4.30 1.52
Row 22 27 93 3.44 1.18
Row 23 27 92 3.41 1.48
Row 24 27 100 3.70 1.22
Row 25 27 100 3.70 1.60
Row 26 27 111 4.11 0.95
Row 27 27 107 3.96 0.19
Row 28 27 77 2.85 0.98
Row 29 27 85 3.15 1.21
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Row 30 27 81 3.00 0.77
Row 31 27 104 3.85 0.98
Row 32 27 94 3.48 1.34
Row 33 27 94 3.48 1.03
Row 34 27 71 2.63 0.86
Row 35 27 96 3.56 0.72
Row 36 27 79 2.93 0.84
Row 37 27 94 348 1.26
Row 38 27 91 3.37 1.40
Row 39 27 74 2.74 0.97
Row 40 27 106 3.93 0.84
Row 41 27 108 4.00 1.23
Row 42 27 96 3.56 1.41
Row 43 27 95 3.52 0.72
Row 44 27 100 3.70 0.68
Row 45 27 73 2.70 0.99
Row 46 27 92 341 0.64
Row 47 27 99 3.67 0.31
Column 1 47 184 3.91 0.95
Column 2 47 168 3.57 1.03
Column 3 47 184 391 0.82
Column 4 47 186 3.96 0.82
Column 5 47 172 3.66 1.01
Column 6 47 164 3.49 0.99
Column 7 47 198 421 0.61
Column 8 47 161 3.43 1.47
Column 9 47 196 4.17 0.84
Column 10 47 151 3.21 0.87
Column 11 47 109 2.32 0.70
Column 12 47 179 3.81 0.51
Column 13 47 146 3.11 1.53
Column 14 47 146 3.11 1.79
Column 15 47 165 3.51 1.04
Column 16 47 121 2.57 1.77
Column 17 47 123 2.62 1.46
Column 18 47 138 2.94 0.76
Column 19 47 181 3.85 0.83
Column 20 47 157 3.34 1.19
Column 21 47 173 3.68 0.66
Column 22 47 175 3.72 0.73
Column 23 47 177 3.77 0.92
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Column 24
Column 25
Column 26
Column 27

47
47
47
47

171
174
180
169

3.64
3.70
3.83
3.60

0.54
0.69
0.54
0.59
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Appendix E: Distribution Analysis

Variable 1
Table E-1: Distribution Analysis-V1

Basic Statistical Measures

Location Variability
Mean 3.91 Std Deviation 0.97
Median 4.00 Variance 0.95
Mode 5.00 Range 3
Interquartile Range 2

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits

Mean 391 3.63 4.20
Std Deviation 0.97 0.81 1.22
Variance 0.95 0.66 1.50

Percent

21 27 33 2 4.5 il
V1

Figure E-1: Distribution-V1

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 021 Pr>D 0.01
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Variable 2
Table E-2: Distribution Analysis-V2

Basic Statistical Measures

Location Variability

Mean 3.57 Std Deviation 1.02
Median 4.00 Variance 1.03
Mode 4.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.57 3.28 3.87
Std Deviation 1.02 0.84 1.28
Variance 1.03 0.71 1.63

50

40

30

Percent

20

V2

Figure E-2: Distribution-V2

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.28 Pr>D 0.01
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Variable 3
Table E-3: Distribution Analysis-V3

Basic Statistical Measures

Location Variability

Mean 3.91 Std Deviation 0.90
Median 4.00 Variance 0.82
Mode 4.00 Range 4
Interquartile Range 2

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 391 3.65 4.18
Std Deviation 0.90 0.75 1.14
Variance 0.82 0.57 1.29

50

40

30

Percent

20

V3

Figure E-3: Distribution-V3

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.24 Pr>D 0.01
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Variable 4
Table E-4: Distribution Analysis-V4

Basic Statistical Measures

Location Variability

Mean 3.96 Std Deviation 0.91
Median 4.00  Variance 0.82
Mode 4.00 Range 3
Interquartile Range 2

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.96 3.69 4.22
Std Deviation 0.91 0.75 1.14
Variance 0.82 0.57 1.30

40

35

30

25

Percent
ra
=]

21 27 33 38 45 51
va

Figure E-4: Distribution Analysis-V4

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 022 Pr>D 0.01
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Variable 5

Table E-5: Distribution Analysis-V5

Basic Statistical Measures

Location Variability

Mean 3.66  Std Deviation 1.01
Median 4.00 Variance 1.01
Mode 4.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.66 3.36 3.95
Std Deviation 1.01 0.84 1.26
Variance 1.01 0.70 1.60
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Figure E-5: Distribution -V5

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 025 Pr>D 0.01
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Variable 6
Table E-6: Distribution Analysis-V6

Basic Statistical Measures

Location Variability

Mean 3.49  Std Deviation 1.00
Median 4.00 Variance 0.99
Mode 4.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.49 3.20 3.78
Std Deviation 1.00 0.83 1.25
Variance 0.99 0.69 1.57
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Figure E-6: Distribution -V6

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 023 Pr>D 0.01
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Variable 7

Table E-7: Distribution Analysis-V7

Basic Statistical Measures

Location Variability

Mean 4.21  Std Deviation 0.78
Median 4.00  Variance 0.61
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 4.21 3.98 4.44
Std Deviation 0.78 0.65 0.98
Variance 0.61 0.42 0.96
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Figure E-7: Distribution -V7

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.24832783 Pr>D 0.010
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Variable 8

Table E-8: Distribution Analysis-V8

Basic Statistical Measures

Location Variability

Mean 3.43  Std Deviation 3.43
Median 3.00  Variance 3.00
Mode 3.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 343 3.07 3.78
Std Deviation 1.21 1.01 1.52
Variance 1.47 1.01 2.31
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Figure E-8: Distribution -V8

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.17118766 Pr>D 0.010
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Variable 9

Table E-9: Distribution Analysis-V9

Basic Statistical Measures

Location Variability

Mean 4.17  Std Deviation 4.17
Median 4.00 Variance 4.00
Mode 5.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 4.17 3.90 4.44
Std Deviation 0.92 0.76 1.15
Variance 0.84 0.58 1.33
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Figure E-9: Distribution -V9

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.24 Pr>D 0.0l
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Variable 10

Table E-10: Distribution Analysis-V10

Basic Statistical Measures

Variability

0.93
0.87
4
1

95% Confidence Limits

Location
Mean 3.21  Std Deviation
Median 3.00 Variance
Mode 3.00 Range

Interquartile Range
Basic Confidence Limits Assuming Normality

Parameter Estimate
Mean 3.21 3.21
Std Deviation 3.00 3.00
Variance 3.00 3.00

Percent

Figure E-

28 36 44
vio

10: Distribution -10

Goodness-of-Fit Tests for Normal Distribution

Test

Kolmogorov-Smirnov D

Statistic
0.22 Pr>D

3.21
3.00
3.00

52

p Value
0.01

125



Variable 11

Table E-11: Distribution Analysis-V11

Basic Statistical Measures

Location Variability

Mean 2.32  Std Deviation 0.84
Median 2.00  Variance 0.70
Mode 2.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 2.32 2.07 2.56
Std Deviation 0.84 0.70 1.05
Variance 0.70 0.48 1.10
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Figure E-11: Distribution -V11

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 027 Pr>D 0.01
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Variable 12

Table E-12: Distribution Analysis-V12

Basic Statistical Measures

Location Variability

Mean 3.81  Std Deviation 3.81
Median 4.00  Variance 4.00
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.81 3.60 4.02
Std Deviation 0.71 0.59 0.89
Variance 0.51 0.35 0.80
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Figure E-12: Distribution -V12

Goodness-of-Fit Tests for Normal Distribution
Statistic
0.27 Pr>D

Test

Kolmogorov-Smirnov D

p Value
0.01
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Variable 13
Table E-13: Distribution Analysis-V13

Basic Statistical Measures

Location Variability

Mean 3.11  Std Deviation 3.11
Median 3.00  Variance 3.00
Mode 3.00 Range 4
Interquartile Range 2

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.11 2.74 3.47
Std Deviation 1.24 1.03 1.55
Variance 1.53 1.06 2.42
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Figure E-13: Distribution -V13

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.17 Pr>D 0.01
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Variable 14
Table E-14: Distribution Analysis-V14

Basic Statistical Measures

Location Variability

Mean 3.11  Std Deviation 3.11
Median 3.00  Variance 3.00
Mode 4.00 Range 4
Interquartile Range 2

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.11 2.71 3.50
Std Deviation 1.34 1.11 1.68
Variance 1.79 1.24 2.83
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Figure E-14: Distribution -V14

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.19 Pr>D 0.01
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Variable 15
Table E-15: Distribution Analysis-V15

Basic Statistical Measures

Location Variability

Mean 3.51 Std Deviation 1.02
Median 3.00  Variance 1.04
Mode 3.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.51 321 3.81
Std Deviation 1.02 0.85 1.28
Variance 1.04 0.72 1.64
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Figure E-15: Distribution -V15

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 020 Pr>D 0.01
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Variable 16

Table E-16: Distribution Analysis-V16

Basic Statistical Measures

Location Variability

Mean 2.57  Std Deviation 1.33
Median 3.00  Variance 1.77
Mode 1.00 Range 4
Interquartile Range 3

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 2.57 2.18 2.97
Std Deviation 1.33 1.11 1.67
Variance 1.77 1.22 2.79
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Figure E-16: Distribution -V16

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 020 Pr>D 0.01
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Variable 17

Table E-17: Distribution Analysis-V17

Basic Statistical Measures

Location Variability

Mean 2.62  Std Deviation 1.21
Median 3.00  Variance 1.46
Mode 3.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 2.62 2.26 2.97
Std Deviation 1.21 1.00 1.52
Variance 1.46 1.01 2.30

35

30

25

20

Percent

T

Figure E-17: Distribution -V17

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.18 Pr>D 0.01
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Variable 18

Table E-18: Distribution Analysis-V18

Basic Statistical Measures

Location Variability

Mean 2.94  Std Deviation 0.87
Median 3.00  Variance 0.76
Mode 3.00 Range 4
Interquartile Range 0

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 2.94 2.68 3.19
Std Deviation 0.87 0.72 1.09
Variance 0.76 0.52 1.19
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Figure E-18: Distribution -V18

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.31 Pr>D 0.01
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Variable 19
Table E-19: Distribution Analysis-V19

Basic Statistical Measures

Location Variability

Mean 3.85 Std Deviation 0.91
Median 4.00 Variance 0.33
Mode 4.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.85 3.58 4.12
Std Deviation 0.91 0.75 1.14
Variance 0.83 0.57 1.30
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Figure E-19: Distribution -V19

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.27 Pr>D 0.01
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Variable 20
Table E-20: Distribution Analysis-V20

Basic Statistical Measures

Location Variability

Mean 3.34 Std Deviation 1.09
Median 4.00 Variance 1.19
Mode 4.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.34 3.02 3.66
Std Deviation 1.09 0.90 1.37
Variance 1.19 0.82 1.87
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Figure E-20: Distribution -V20

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.24 Pr>D 0.01
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Variable 21
Table E-21: Distribution Analysis-V21

Basic Statistical Measures

Location Variability

Mean 3.68 Std Deviation 0.81
Median 4.00 Variance 0.66
Mode 4.00 Range 4
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.68 3.44 3.92
Std Deviation 0.81 0.67 1.02
Variance 0.66 0.45 1.04
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Figure E-21: Distribution -V21

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.27 Pr>D 0.01
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Variable 22
Table E-22: Distribution Analysis-V22

Basic Statistical Measures

Location Variability

Mean 3.72  Std Deviation 0.85
Median 4.00 Variance 0.72
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.72 347 3.97
Std Deviation 0.85 0.71 1.07
Variance 0.73 0.50 1.15
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Figure E-22: Distribution -V22

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.22 Pr>D 0.01
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Variable 23
Table E-23: Distribution Analysis-V23

Basic Statistical Measures

Location Variability

Mean 3.77  Std Deviation 0.96
Median 4.00  Variance 0.92
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.77 3.48 4.05
Std Deviation 0.96 0.80 1.21
Variance 0.92 0.64 1.45
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Figure E-23: Distribution -V23

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.26 Pr>D 0.0l
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Variable 24

Table E-24: Distribution Analysis-V24
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Percent

20

Basic Statistical Measures

Location Variability

Mean 3.64  Std Deviation 0.74
Median 4.00 Variance 0.54
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.64 3.42 3.85
Std Deviation 0.74 0.61 0.92
Variance 0.54 0.37 0.85

21 27 33 38 45 51
V24

Figure E-24: Distribution -V24

Goodness-of-Fit Tests for Normal Distribution

Test Statistic p Value
Kolmogorov-Smirnov D 0.26 Pr>D 0.010
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Variable 25
Table E-25: Distribution Analysis-V25

Basic Statistical Measures

Location Variability

Mean 3.70  Std Deviation 0.83
Median 4.00 Variance 0.69
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.70 3.46 3.95
Std Deviation 0.83 0.69 1.04
Variance 0.69 0.48 1.09
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Figure E-25: Distribution -V25

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.27 Pr>D 0.01
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Variable 26
Table E-26: Distribution Analysis-V26

Basic Statistical Measures

Location Variability

Mean 3.83 Std Deviation 0.73
Median 4.00 Variance 0.54
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.83 3.61 4.04
Std Deviation 0.73 0.61 0.92
Variance 0.54 0.37 0.84
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Figure E-26: Distribution -V26

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.27 Pr>D 0.01
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Variable 27

Table E-27: Distribution Analysis-V27

Basic Statistical Measures

Location Variability

Mean 3.60  Std Deviation 0.77
Median 4.00 Variance 0.59
Mode 4.00 Range 3
Interquartile Range 1

Basic Confidence Limits Assuming Normality

Parameter Estimate 95% Confidence Limits
Mean 3.60 3.37 3.83
Std Deviation 0.77 0.65 0.97
Variance 0.59 0.42 0.94
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Figure E-27: Distribution -V27

Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smirnov D 0.25 Pr>D 0.01
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Appendix F: Summary Statistics

Table F-1: Summary of Statistics and Opinion Tendencies

Question Catogories Question| Private |[Private-MN| Public | Overall | Std Dev [Minimum [Maximum|Skewness |Kurtosis N
14 3.784r 4334 3.914F 3.91 0.974 2 5 -0.41 -0.89 47

214 3.674r 3.674F 3.481F 357 1016 1 5 -0.73 0.27 47

Strategic Marketing i 4174 3834 3744 3.91 0.905 1 5 -0.75 0.94 47
414 41114 3.83{F 3.874F 3.94 0.908 2 5 -0.46 -0.62 47

54 3.7k 3.674F 3.614f 3.6 1.006 1 5 -0.73 0.53 47

64 3.784 2.83{r 3.43{F 349 0.997 1 5 -0.31 -0.42 47

Barriers and Digital Services 714 46114 3.83{F 4.004r 4.21] 0.778 2 5 -0.69 -0.07 47
84k 3.394r 3.674F 3394 343 1211 1 5 -0.35 -0.58 47

ol 4564 4174 3.874F 4.17 0.916 1 5 -1.24 1.91 47

10/=> 3.174r 333 327=» 3.2 0.931 1 5 -0.28 0.07 47

International Trade 114F 2.2 2839 2264 237 0.837 1 4 0.30 -0.32 47
1214 3.784r 4334 3.704r 3.8 o0.711 2 5 -0.08 -0.22 47

134 4.064) 233y 257> 311 1.238 1 5 0.01 -0.86 47

Globalized Public Sector Services 1414 4,084 3.83{} 217> 3.11 1.339 1 5 -0.15 -1.17 47
154 4.0 3.000> 3.224¢ 351 1.019 1 5 -0.16 -0.51 47

16/ 2.89—> 3174y 2474F 257 1.331 1 5 0.15 -1.29 47

North American Industry Classification Syste 174F 2.504F 3.504F 2484 2.6 1.208 1 5 0.18 -0.84 47
(NAICS) 18/4F 2.83 3.0 3.004+ 2.94 0.870 1 5 -0.49 0.71 47

1914 4.004r 3.834F 3.744r 3.89 0.908 1 5 -0.78 0.96 47

Strategic Planning 204 3.8 3.0 3.044F 3.34 1.089 1 5 -0.63 -0.07 47
214 3.674F 3.83{F 3.69{F 369 0.810 1 5 -0.62 1.47 47

2214 4,084 3.674F 3.481F 374 0852 2 5 -0.08 -0.63 47

234 3.944 4.004F 3574 3.7 0.960 2 5 -0.43 -0.66 47

. 2414 3.74r 3.674r 3.574F 3.64 0735 2 5 0.01 -0.24 47

Strategic Outcomes 254 3894 3504 3614 370 0832 2 5 20.33 027 | 47
26|14 4,004 4.004F 3.694F 383 0.732 2 5 -0.07 -0.37 47

27Hr 3.614F 4.004F 3.48{F 360 0771 2 5 -0.04 -0.28 47

Judgment/
Sentiment
Legend:

'Pos Neutral l Neg
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Appendix G: Variables and Data types

Table G-1: List of Variables

ID Variables Type Role
Strategic Marketing V1 Strategic Targeting Ordinal Influencing factor
V2 Offshoring Ordinal Influencing factor
V3 Global E-Commerce Ordinal Influencing factor
V4 Competition Ordinal Influencing factor
V5 Borderless Expertise Ordinal Influencing factor
V6 Risk Management Ordinal Influencing factor
Barriers V7 Complexity Barriers Ordinal Influencing factor
V8 NAICS Education Ordinal Influencing factor
A% Procurement Ordinal Influencing factor
Deregulation
International Trade V10  Anti-Trade Barrier Ordinal Influencing factor
V11 International Partnering Ordinal Influencing factor
V12  U.S. Job Creation Ordinal Influencing factor
Globalize Public V13  Global Virtual Teams Ordinal Influencing factor
Sector Services (GVT)
V14  GVT Manage Capacity Ordinal Influencing factor
V15  Productivity Ordinal Influencing factor
North American V16  NAICS Competition Ordinal Influencing factor
Industry V17  NAICS New Market Ordinal Influencing factor
Classification System V18  NAICS PSD.Services  Ordinal Dependent |
Strategic Planning V19  NAICS Strategic P&E  Ordinal Dependent »
V20  Shared View Ordinal Influencing factor
V21  NAICS EA Mapping Ordinal Dependent 3
Strategic Outcomes ~ V22 Speed to Market Ordinal Influencing factor
V23  Knowledge Ordinal Influencing factor
Management
V24  Convergence Ordinal Influencing factor
V25  Innovation Ordinal Influencing factor
V26  Intra/Entrepreneurism  Ordinal Influencing factor
V27  Unified P&E Platform  Ordinal Influencing factor
Incorporates 27 PC1  Principal Component Continuous  Construct factor
Predictor matrix
Variables PC2  Principal Component Continuous  Construct factor
matrix
PC3  Principal Component Continuous  Construct factor
matrix
PC4  Principal Component Continuous  Construct factor
matrix
PC5  Principal Component Continuous  Construct factor
matrix
PC6  Principal Component Continuous  Construct factor
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PC7  Principal Component Continuous  Construct factor

matrix

PC8  Principal Component Continuous  Construct factor
matrix

PC9  Principal Component Continuous  Construct factor
matrix
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Appendix H: Results of Hypothesis Testing

Table H-1: Rules for T-test for Nonparametric Test

Rules for T-Statistic evaluation

Ho: There is no difference Private Sector experts' sentiments and Public Sector
experts' sentiment for variable of interest

Hi: There is a difference Private Sector experts' sentiments and Public Sector
experts' sentiment for variable of interest ( the median change was non-zero)

Critical Value: 474/630 1-tail, o= .05 or 2-tail, a= .10 (from the table in
Verdooren, L.R., (1963) Extended tables of critical values for Wilcoxon's test
statistic. Biometrika, 50(1-2), 177-186

If the T-Statistic is less than the lower critical value or greater than the upper
critical value, we reject Ho

Hence, we reject Ho if T1 > 630. A rejection indicates there was sufficient
evidence to suggest that there is a difference between the variable in terms of
sentiment

Rule for Z Critical evaluation

Reject Hy if |Z| > |Z Critical| for a = 0.05 and 1-tail
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Table H-2: Results of Nonparametric test

27 Variables
Tested T1>630 |Z| > 1.645 Stat=  P-value Significance
1 583.5 0.160 0.16 0.437
2 606.5 0.649 0.649 0.258
3 659.5 1.777 1.777 0.038 Yes
4 611.5 0.755 0.755 0.225
5 602.5 0.564 0.564 0.286
6 592 0.341 0.341 0.367
7 672.5 2.054 2.054 0.020 Yes
8 593 0.362 0.362 0.359
9 659.5 1.777 1.777 0.038 Yes
10 593 0.362 0.362 0.359
11 593 0.362 0.362 0.359
12 619 0.915 0.915 0.180
13 710 2.852 2.852 0.002 Yes
14 791.5 4.586 4.586 0.000 Yes
15 662.5 1.841 1.841 0.033 Yes
16 667 1.937 1.937 0.026 Yes
17 612 0.766 0.766 0.222
18 557 0.404 -0.404 0.657
19 620.5 0.947 0.947 0.172
20 651 2.107 2.107 0.018 Yes
21 604 0.596 0.596 0.276
22 651 1.734 1.734 0.041 Yes
23 638 1.830 1.830 0.034 Yes
24 610 0.724 0.724 0.235
25 613 0.787 0.787 0.216
26 650.5 2.096 2.096 0.018 Yes
27 623.5 1.011 1.011 0.156
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Table H-3: Wilcoxon Rank Sum Test: Example V1

Nonparametric Test: Example V1

n= Population 47 > Rank
nl = Private 24 583.5
n2 = Public 23 544.5
Median nl = 24
Median n2 = 24 | T- Statistic / Sum 583.50
Expectation 552.00
Std. Error 46.99
Stat= 0.351
P-value 0.251
Z 0.670 >>>>>> | |Z) 0.670
Z Critical 1.645 >>>>>> | |Z Critical| 1.645
Variable Variable
Group Scores Rank Group Scores Rank
1 Private 2 2.5 25 Public 2 25
2 Private 2 25 26 Public 3 10.5
3 Private 2 2.5 27 Public 3 10.5
4 Private 3 10.5 28 Public 3 10.5
5 Private 3 10.5 29 Public 3 10.5
6 Private 3 10.5 30 Public 3 10.5
7 Private 3 10.5 31 Public 3 10.5
8 Private 3 10.5 32 Public 3 10.5
9 Private 4 24 33 Public 4 24
10 Private 4 24 34 Public 4 24
11 Private 4 24 35 Public 4 24
12 Private 4 24 36 Public 4 24
13 Private 4 24 37 Public 4 24
14  Private 4 24 38 Public 4 24
15 Private 4 24 39 Public 4 24
16 Private 5 39.5 40 Public 4 24
17 Private 5 39.5 41 Public 5 39.5
18 Private 5 39.5 42 Public 5 39.5
19 Private 5 39.5 43 Public S 39.5
20 Private 5 39.5 44 Public S 39.5
21 Private 5 39.5 45 Public S 39.5
22 Private 5 39.5 46 Public S 39.5
23 Private 5 39.5 47 _Public S 39.5
24  Private 5 39.5
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Table H-4: List of Variable Rank Sums

Groups V3 Rank V7 Rank V9 Rank
Private 1 1 2 1 3 6
Private 2 2 3 5 4 18.5
Private 3 8.5 3 5 4 18.5
Private 3 8.5 4 18.5 4 18.5
Private 3 8.5 4 18.5 4 18.5
Private 3 8.5 4 18.5 4 18.5
Private 4 24.5 4 18.5 4 18.5
Private 4 24.5 4 18.5 4 18.5
Private 4 24.5 4 18.5 4 18.5
Private 4 24.5 4 18.5 4 18.5
Private 4 24.5 5 38 4 18.5
Private 4 24.5 5 38 4 18.5
Private 4 24.5 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Private 5 41 5 38 5 37.5
Public 3 8.5 3 5 1 1
Public 3 8.5 3 5 2 2
Public 3 8.5 3 5 3 6
Public 3 8.5 3 5 3 6
Public 3 8.5 3 5 3 6
Public 3 8.5 4 18.5 3 6
Public 3 8.5 4 18.5 3 6
Public 3 8.5 4 18.5 3 6
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 4 18.5
Public 4 24.5 4 18.5 5 37.5
Public 4 24.5 4 18.5 5 37.5
Public 4 24.5 4 18.5 5 37.5
Public 4 24.5 5 38 5 37.5
Public 4 24.5 5 38 5 37.5
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37.5

37.5

37.5

Rank

4.5

4.5

4.5

4.5

16

16

16

16

16

315

315

31.5

31.5

315

315

315

43

43

43

43

43

43

43

43

4.5

4.5

16

16

16

16

16

16

16

16

16

16

16

16

31.5

31.5

Public 4 24.5 5 38
Public 5 41 5 38
Public 5 41 5 38
Groups V13 Rank V14 Rank
Private 1 3 2 12.5
Private 2 10.5 2 12.5
Private 2 10.5 3 22
Private 2 10.5 3 22
Private 3 23 3 22
Private 3 23 4 33
Private 3 23 4 33
Private 3 23 4 33
Private 3 23 4 33
Private 3 23 4 33
Private 3 23 4 33
Private 4 35 4 33
Private 4 35 4 33
Private 4 35 4 33
Private 4 35 4 33
Private 4 35 4 33
Private 4 35 4 33
Private 5 435 5 435
Private 5 435 5 435
Private 5 43.5 5 435
Private 5 43.5 5 435
Private 5 43.5 5 435
Private 5 43.5 5 435
Private 5 435 5 435
Public 1 3 1 4
Public 1 3 1 4
Public 1 3 1 4
Public 1 3 1 4
Public 2 10.5 1 4
Public 2 10.5 1 4
Public 2 10.5 1 4
Public 2 10.5 2 12.5
Public 2 10.5 2 12.5
Public 2 10.5 2 12.5
Public 2 10.5 2 12.5
Public 3 23 2 12.5
Public 3 23 2 12.5
Public 3 23 2 12.5
Public 3 23 2 12.5
Public 3 23 3 22
Public 3 23 3 22
Public 3 23 3 22
Public 3 23 3 22

31.5
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315

31.5

31.5

43

Rank

11.5

11.5

11.5

11.5

11.5

11.5

11.5

29

29

29

29

29

29

29

29

29

29

29

43

43

43

43

43

43

11.5

11.5

11.5

11.5

11.5

11.5

11.5

11.5

11.5

29

29

29

29

29
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Public 4 3 22
Public 4 3 22
Public 4 4 33
Public 5 5 435
Groups V16 V20 Rank
Private 1 2 7
Private 1 2 7
Private 1 2 7
Private 1 3 16.5
Private 1 3 16.5
Private 1 3 16.5
Private 2 3 16.5
Private 2 3 16.5
Private 2 3 16.5
Private 3 4 33
Private 3 4 33
Private 3 4 33
Private 3 4 33
Private 4 4 33
Private 4 4 33
Private 4 4 33
Private 4 4 33
Private 4 4 33
Private 4 4 33
Private 4 4 33
Private 4 4 33
Private 5 5 45
Private 5 5 45
Private 5 5 45
Public 1 1 2.5
Public 1 1 2.5
Public 1 1 2.5
Public 1 1 2.5
Public 1 2 7
Public 1 2 7
Public 1 3 16.5
Public 1 3 16.5
Public 1 3 16.5
Public 2 3 16.5
Public 2 3 16.5
Public 2 3 16.5
Public 2 3 16.5
Public 3 3 16.5
Public 3 4 33
Public 3 4 33
Public 3 4 33
Public 3 4 33
5

p—




Public 3 28 4 33 4 29
Public 3 28 4 33 4 29
Public 4 39 4 33 5 43
Public 4 39 5 45 5 43
Public 4 39 5 45 5 43
Groups | V23 Rank V26 Rank

Private 2 3.5 2 1

Private 2 3.5 3 8.5

Private 3 11.5 3 8.5

Private 3 11.5 3 8.5

Private 3 11.5 3 8.5

Private 4 26.5 3 8.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 4 27.5

Private 4 26.5 5 435

Private 5 42 5 435

Private 5 42 5 435

Private 5 42 5 435

Private 5 42 5 435

Private 5 42 5 435

Private 5 42 5 435

Public 2 3.5 3 8.5

Public 2 3.5 3 8.5

Public 2 3.5 3 8.5

Public 2 3.5 3 8.5

Public 3 11.5 3 8.5

Public 3 11.5 3 8.5

Public 3 11.5 3 8.5

Public 3 11.5 3 8.5

Public 3 11.5 3 8.5

Public 3 11.5 4 27.5

Public 3 11.5 4 27.5

Public 4 26.5 4 27.5

Public 4 26.5 4 27.5

Public 4 26.5 4 27.5

Public 4 26.5 4 27.5

Public 4 26.5 4 27.5
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Public 4 26.5
Public 4 26.5
Public 5 42
Public 5 42
Public 5 42
Public 5 42
Public 5 42

Table H-5: Tabulated Null Hypothesis Test Results

27.5

27.5

27.5

27.5

27.5

27.5

[ E N g N N N

43.5

Strategic Marketing

T1=630

1Z| > 1.645

P-value

Statistical
Result

Q.1

Hy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V1.

The access of resources by
U.S. Small businesses for
delivery of public sector
services via the international
trade market is beneficial to
the U.S. Economy.

583.5

0.160

0.437

Fail to
reject

Q.2

Hy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V2.

Negative perceptions about
offshoring commoditized
services deter public sector
innovations that otherwise are
beneficial to U.S. citizens and
the economy.

606.5

0.649

0.258

Fail to
reject

Q3

Hoy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V3.

The employment of the
Internet to access
international markets for
enabling the delivery of

659.5

1.777

0.038

Reject
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public services is an
acceptable option.

Q.4

Hpy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V4.

For U.S. small businesses that
compete for government
contracts can improve their
capability offering to public
sector clients, if permitted to
subcontract from the domestic
and international markets.

611.5

0.755

0.225

Fail to
reject

Hoy: There is no difference
Private Sector experts'
sentiments and Public Sector
experts' sentiment for V5.

U.S. small businesses should
be allow to source and access
needed expertise and other
resource from the
international market via the
Internet.

602.5

0.564

0.286

Fail to
reject

Hy: There is no difference
Private Sector experts'
sentiments and Public Sector
experts' sentiment for V6.

U.S. small businesses have or
can acquire the means to
mitigate (cyber and physical)
risks and comply with federal
digital service contracts
opportunities security
requirements.

592

0.341

0.367

Reject

Barriers and Digital Services

T1=>630

|Z| > 1.645

P-value

Statistical
Result

Q.7

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V7.

672.5

2.054

0.020

Reject
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Barriers need to be removed
to increase Small Business
participation in public sector
digital service delivery.

Q.8

Hy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V8.

Small businesses are unable
to select correct NAICS codes
because procurement
guidance are at times
confusing and inaccurate in
the descriptions of digital
service requirements.

593

0.362

0.359

Fail to
reject

Q.9

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V9.

Removal of procurement
barriers to increase small
business competition for
federal contracts that pertain
to public sector digital service
delivery.

659.5

L.777

0.038

Reject

International Trade

T1=630

1Z| > 1.645

P-value

Statistical
Result

Hy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V10.

Leadership views
international trade agreements
such as the North American
Foreign Trade Agreement
(NAFTA) and Trans Pacific
Partnership (TPP) as an
opportunity for new markets
and partnerships for U.S.
Small businesses.

593

0.362

0.359

Fail to
reject
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Hy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V11.

Current Federal policies for
use of North American
Industry Classification
System (NAICS) for Small
Businesses to partnering with
micro-multinational
companies is understood.

593

0.362

0.359

Fail to
reject

Hpy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V12.

It is important for U.S.
businesses in partnerships
with micro-Multinational
companies to create new jobs
for U.S. based worked force
for improving U.S. industrial
competitiveness.

619

0.915

0.180

Fail to
reject

Globalized Public Sector Services

T1=630

1Z| > 1.645

P-value

Statistical
Result

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V13.

Your organization is willing
to collaborate with micro-
multinational partners via
online business networks and
platforms on the Internet to
innovate services for the
public sector.

710

2.852

0.002

Reject

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V14.

791.5

4.586

0.000

Reject
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Your organization possesses
the “know how” and capacity
to effectively manage a
globally networked team that
includes technologists and
entrepreneurs as well as
managers, finance, legal,
sales, and distribution
personnel to deliver digital
service solution to the public
sector.

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V15.

The ability to stand up a
globally network team via
micro-multinational partners
would improve knowledge
management to reduce
learning curves and solve
problems faster for a public
sector client(s), while
reducing cost, and creating
access to expert talent.

662.5

1.841

0.033

Reject

North American Industry
Classification System (NAICS)

T1=630

1Z| > 1.645

P-value

Statistical
Result

Q.1
6

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V16.

Use of North American
Industry Classification
System (NAICS) code
selection process has
prohibited your organization
from competing for some

federal contract opportunities.

667

1.937

0.026

Reject

Hy: There is no difference
Private Sector experts'
sentiments and Public Sector
experts' sentiment for V17.

612

0.766

0.222

Fail to
reject
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The NAICS code process in
federal government
contracting discouraged small
businesses from expanding to
other industries.

Hoy: There is no difference
Private Sector experts'
sentiments and Public Sector
experts' sentiment for V18.

The NAICS codes enable
effective targeted marketing
to match private sector
capabilities to public sector
needs for digitizable services
and products

557

0.404

0.657

Fail to
reject

Strategic Planning

T1=630

|Z| > 1.645

P-value

Statistical
Result

Q.19

Hy: There is no difference
Private Sector experts'
sentiments and Public Sector
experts' sentiment for V12.

Strategic Planning and
Implementation for digital
service requires alignment
amongst

Federal Enterprise
Architecture (FEA) artifacts,
NAICS Codes, and
organizational strategic
plans.

620.5

0.947

0.172

Fail to
reject

Q.20

Hoy: There is a difference
between Private Sector
experts' sentiments and
Public Sector experts'
sentiment for V16.

Your organization
contributes industry insights
or information in support of
a public sector driven market
research effort in the
development of their
strategic acquisition plan.

651

2.107

0.018

Reject
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Q21

Hy: There is no difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V21.

The mapping between FEA
business reference codes
(BRM) and NAICS may be
beneficial

for future innovations
towards development of
digital service solutions for
public sector.

604

0.596

0.276

Fail to
reject

Strate

ic Outcomes

T1=630

|Z| > 1.645

P-value

Statistical
Result

Q.22

Hy: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V22.

U.S. small businesses
allowed to partner with
micro-Multinational
companies can rapidly
expand their resourcing
capacity and capabilities to
meet public sector clients’
needs for

implementing internal-facing
digitizable business
processes and external-
facing digitizable

services to customer.

651

1.734

0.041

Reject

Q.23

Ho: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector sentiment for
V23.

U.S. small businesses
allowed to partner with
micro-Multinational
companies will enhance
learning and growth about

638

1.830

0.034

Reject
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industry best practices within
the organization.

Q.24

Hy: There is no difference
the between Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V24.

The convergence of service
value chains amongst public
sector, small business, and
micro-Multinational
participants would enable the
agencies to gain strategic and
financial benefits for the
American public.

610

0.724

0.235

Fail to
reject

Q.25

Hoy: There is not difference
between the Private Sector
experts' sentiments and the
Public Sector experts'
sentiment for V9.

The convergence of service
value chains amongst public
sector, small business, and
micro-Multinational
participants can foster
innovation and
collaborations across
government, business, and to
implement digital services
for the public sector.

613

0.787

0.216

Fail to
reject

Q.26

Ho: There is a difference
between the Private Sector
experts' sentiments and the
Public Sector sentiment for
V26.

The convergence of service
value chains amongst public
sector, small business, and
micro-Multinational
participants can promote and
support entrepreneurial
vision and leadership.

650.5

2.096

0.018

Reject

Q.27

Ho: There is a difference
between the Private Sector
experts' sentiments and the

623.5

1.011

0.156

Fail to
reject
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Public Sector experts'
sentiment for V27.

A platform that unifies FEA
BRM, NAICS, and Federal
product and service codes,
would be beneficial for small
business competition and
enable convergence between
public and private sectors.
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Appendix I: Full Model Regression Analysis

Table I-1: Full Model Regression- V18

Dependent Variable: V18

Number of Observations

Read 47
Number of Observations
Used 47

Analysis of Variance

Sum of Mean
Source DF Squares Square FValue Pr>F
Model 26 23.64 0.91 1.71 0.11
Error 20 11.17 0.5
Corrected 34.81
Total 46
Root MSE 0.73 R-Square 0.68
Dependent 2.94 Adj R-Sq 0.28
Mean
Coeff Var 24.84
Parameter Estimates
Parameter Standard
Variable DF Estimate Error  t Value Pr > [t]
Intercept 1 3.02 1.59 1.90 0.07
Vi 1 0.16 0.20 0.79 0.44
V2 1 -0.15 0.15 -1.02 0.32
V3 1 -0.12 0.20 -0.60 0.56
V4 1 -0.33 0.27 -1.21 0.24
V5 1 0.34 0.22 1.55 0.14
V6 1 0.15 0.17 0.87 0.39
V7 1 -0.06 0.20 -0.30 0.77
V8 1 -0.16 0.14 -1.12 0.28
V9 1 0.00 0.20 0.02 0.98
V10 1 0.22 0.17 1.31 0.20
Vil 1 0.12 0.22 0.55 0.59
V12 1 0.10 0.21 0.47 0.65
V13 1 0.35 0.23 1.49 0.15
V14 1 -0.16 0.16 -1.00 0.33
V15 1 -0.20 0.18 -1.10 0.28
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V16 1 -0.04 0.18 -0.24 0.81
V17 1 0.04 0.19 0.22 0.83
V19 1 -0.48 0.23 -2.15 0.04
V20 1 -0.14 0.16 -0.87 0.39
V21 1 0.06 0.32 0.17 0.86
V22 1 -0.34 0.29 -1.16 0.26
V23 1 0.50 0.26 1.95 0.07
V24 1 -0.19 0.29 -0.66 0.52
V25 1 -0.03 0.30 -0.10 0.92
V26 1 0.58 0.39 1.49 0.15
V27 1 -0.14 0.29 -0.47 0.64
Distribution of Residuals for V18
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Figure I-1:

Full Model Regression Residual Distribution-V18

RStudent

RStudent by Predicted for V18

Predicted Value

Figure I-2 Full Model Regression Residual Plot-V18
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Table I-2: Full Model Regression- V19

Dependent Variable: V19

Number of Observations 49
Read
Number of Observations 48
Used
Number of Observations 1
with Missing Values

Analysis of Variance

Source DF Sum of Squares Mean F Pr>F
Square Value
Model 26 29.36 1.13 2.76 0.01
Error 21 8.59 0.41
Corrected 47 37.96
Total
Root MSE 0.64 R-Square 0.77
Dependent 3.85 Adj R-Sq 0.49
Mean
Coeff Var 16.61
Parameter Estimates
Parameter Standard
Variable DF Estimate Error  t Value Pr>|t|
Intercept 1 1.15 1.49 0.77 0.45
Vi 1 -0.11 0.18 -0.63 0.54
V2 1 -0.13 0.13 -0.97 0.34
V3 1 0.14 0.18 0.80 0.44
V4 1 -0.26 0.24 -1.11 0.28
V5 1 -0.05 0.21 -0.23 0.82
Vo6 1 0.17 0.15 1.14 0.27
\'% 1 -0.08 0.18 -0.44 0.66
V8 1 0.14 0.13 1.10 0.28
Vo9 1 -0.03 0.17 -0.18 0.86
V10 1 0.23 0.14 1.58 0.13
V11 1 0.36 0.18 2.05 0.05
V12 1 0.09 0.19 0.48 0.64
Vi3 1 0.57 0.18 3.27 0.00
V14 1 -0.33 0.13 -2.57 0.02
V15 1 -0.08 0.17 -0.49 0.63
V16 1 -0.14 0.15 -0.92 0.37
V17 1 0.10 0.17 0.59 0.56
V18 1 -0.37 0.17 -2.15 0.04
V20 1 -0.12 0.14 -0.88 0.39
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V21 1 -0.01 0.28 -0.04 0.97
V22 1 -0.31 0.26 -1.20 0.24
V23 1 0.54 0.21 2.51 0.02
V24 1 -0.43 0.24 -1.76 0.09
V25 1 -0.10 0.26 -0.39 0.70
V26 1 0.97 0.29 341 0.00
V27 1 0.07 0.26 0.28 0.78
Distribution of Residuals for V19
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Figure I-3: Full Model Regression Residual Distribution-V19

RStudent

RStudent by Predicted for V19

Predicted Value

Figure I-4: Full Model Regression Residual Plot-V19

165



Table I-3: Full Model Regression- V21

Dependent Variable:
V21
Number of Observations 47
Read
Number of Observations 47
Used

Analysis of Variance

Source DF Sum of Squares Mean Square  F Value Pr>F
Model 26 25.11 0.97 3.98 0.00
Error 20 5.10 0.24
Corrected 46 30.21 0.97
Total
Root MSE 0.83 R-Square 0.83
Dependent 0.62 Adj R-Sq 0.62
Mean
Coeff Var 0.83
Parameter Estimate
Parameter Standard
Variable DF Estimate Error t Value Pr > [t]
Intercept 1 0.40 1.16 0.35 0.73
Vi 1 0.15 0.14 1.14 0.27
V2 1 0.14 0.10 1.42 0.17
V3 1 0.11 0.14 0.82 0.42
V4 1 -0.32 0.17 -1.84 0.08
V5 1 0.17 0.15 1.12 0.28
Vo6 1 -0.03 0.12 -0.22 0.83
\'% 1 0.10 0.14 0.73 0.47
V8 1 -0.02 0.10 -0.17 0.87
A% 1 0.05 0.13 0.40 0.69
V10 1 -0.05 0.12 -0.39 0.70
V11 1 -0.07 0.15 -0.48 0.64
V12 1 -0.04 0.15 -0.31 0.76
V13 1 0.24 0.16 1.52 0.14
V14 1 -0.23 0.10 -2.25 0.03
V15 1 -0.01 0.13 -0.10 0.92
V16 1 -0.10 0.12 -0.88 0.39
V17 1 0.23 0.12 1.93 0.07
V18 1 0.03 0.15 0.17 0.86
V19 1 -0.01 0.17 -0.04 0.97
V20 1 0.07 0.11 0.59 0.56
V22 1 -0.16 0.20 -0.82 0.42
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V23 1 0.04 0.19 0.23 0.82
V24 1 0.00 0.20 0.02 0.99
V25 1 -0.34 0.19 -1.81 0.08
V26 1 0.54 0.25 2.16 0.04
V27 1 0.39 0.18 2.20 0.04
Distribution of Residuals for ¥21
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Figure I-5: Full Model Regression Residual Distribution-V21

RStudent

RStudent by Predicted for V21
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Figure I-6: Full Model Regression Residual Plot-V21
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Appendix J: Step-Wise Backward Elimination Regression Analysis

Table J-1: Step-Wise Backward Elimination Regression Analysis-V18

Dependent Variable: V18

Number of Observations
Read
Number of Observations
Used
Number of Observations
with Missing Values

Analysis of Variance

49

48

Source DF Sum of Squares Mean F Value Pr>F
Square
Model 9 19.58 2.18 5.43 0.00
Error 38 15.23 0.40
Corrected 47 34.81
Total
Root 0.63 R-Square 0.56
MSE
Depende 2.94 Adj R-Sq 0.46
nt Mean
Coeff 21.56
Var
Parameter Estimates
Variabl Parameter Standard
e DF Estimate Error t Value Pr > [t]
Intercep 1 2.14 0.78 2.74 0.01
t
V2 1 -0.22 0.10 -2.10 0.04
V5 1 0.28 0.11 2.62 0.01
V10 1 0.36 0.11 3.31 0.00
V13 1 0.26 0.11 2.40 0.02
V15 1 -0.34 0.13 -2.70 0.01
V19 1 -0.44 0.14 -3.13 0.00
V22 1 -0.51 0.17 -3.00 0.00
V23 1 0.53 0.16 3.38 0.00
V26 1 0.36 0.17 2.08 0.04
Summary of Backward Elimination
Model
Variable Number Partial R-
Step Removed Vars In R-Square  Square C(p) F Value Pr>F
1 V9 25 0.00 0.68 25.00 0.00 0.98
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2 V25 24 0.00 0.68 23.01 0.01 0.92
3 V17 23 0.00 0.68 21.05 0.05 0.83
4 V16 22 0.00 0.68 19.09 0.04 0.84
5 V7 21 0.00 0.68 17.20 0.13 0.73
6 V21 20 0.00 0.67 15.28 0.11 0.75
7 V12 19 0.00 0.67 13.52 0.31 0.59
8 V27 18 0.00 0.67 11.82 0.38 0.54
9 V11 17 0.00 0.66 10.09 0.36 0.55
10 Vo 16 0.00 0.66 8.32 0.31 0.58
11 V3 15 0.01 0.65 6.71 0.54 0.47
12 V20 14 0.01 0.64 5.58 1.23 0.28
13 V24 13 0.01 0.63 4.03 0.63 0.43
14 VI 12 0.02 0.62 3.10 1.51 0.23
15 V14 11 0.02 0.60 2.35 1.74 0.20
16 V4 10 0.01 0.58 1.22 1.19 0.28
17 V8 9 0.02 0.56 0.64 1.92 0.17
Distribution of Residuals for V18
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Figure J-1 Backward Elimination Regression Residual Distribution-V18
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Figure J-2:

Backward Elimination Regression Residual Plot-V18
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Table J-2: Step-Wise Backward Elimination Regression Analysis-V19

Dependent Variable: V19

Number of Observations 49
Read
Number of Observations 48
Used
Number of Observations 1
with Missing Values

Analysis of Variance

Source DF Sum of Squares Mean F Pr>F
Square  Value
Model 9 25.31 2.81 8.45 0.00
Error 38 12.64 0.33
Corrected Total 47 37.96
Root MSE 0.58 R-Square  0.67
Dependent 3.85 AdjR-Sq  0.59
Mean
Coeff Var 14.98
Parameter Estimates
Parameter Standard
Variable DF Estimate Error t Value Pr > [t]
Intercept 1 -0.19 0.83 -0.23 0.82
V8 1 0.19 0.08 2.31 0.03
V10 1 0.29 0.10 2.77 0.01
\%28! 1 0.23 0.12 1.93 0.06
V13 1 0.34 0.09 3.71 0.00
Vi4 1 -0.26 0.08 -3.29 0.00
V18 1 -0.23 0.11 -2.03 0.05
V23 1 0.28 0.12 2.43 0.02
V24 1 -0.50 0.17 -3.00 0.00
V26 1 0.82 0.17 4.83 0.00
Summary of Backward Elimination
Variabl  Numb
e er
Ste Remov Vars Partial Model F
p ed In R-Square R-Square C(p) Value Pr>F
1 V21 25 0.00 0.77 25.00 0.00 0.97
2 V9 24 0.00 0.77 23.03 0.04 0.85
3 V5 23 0.00 0.77 21.10 0.07 0.79
4 V27 22 0.00 0.77 19.16 0.06 0.80
5 V7 21 0.00 0.77 17.38 0.27 0.61
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6 VI5 20 0.00 0.77 15.59 0.24 0.63
7 V1 19 0.00 0.77 13.77 0.23 0.63
8 VI2 18 0.00 0.76 12.16 0.50 0.48
9 V3 17 0.01 0.76 10.69 0.69 0.41
10 V25 16 0.00 0.75 9.15 0.61 0.44
11 V17 15 0.01 0.74 7.71 0.75 0.39
12 Vlé6 14 0.01 0.74 6.19 0.65 0.43
13 V22 13 0.01 0.73 5.25 1.45 0.24
14 V2 12 0.01 0.72 4.10 1.14 0.29
15 V20 11 0.02 0.70 3.69 2.13 0.15
16 V6 10 0.01 0.69 2.89 1.56 0.22
17 VA4 9 0.02 0.67 2.90 2.58 0.12
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Figure J-3: Backward Elimination Regression Residual Distribution-V19
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Figure J-4: Backward Elimination Regression Residual Plot-V19
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Table J-3: Step-Wise Backward Elimination Regression Analysis-V21

Dependent Variable:
V21

Number of Observations 49
Read
Number of Observations 48
Used
Number of Observations 1
with Missing Values

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr>F
Model 11 24.18 2.20 13.12 0.00
Error 36 6.03 0.17
Corrected 47 30.21
Total
Root MSE 0.41 R-Square 0.80
Dependent 3.68 Adj R-Sq 0.74
Mean
Coeff Var 11.12
Parameter Estimates
Parameter Standard
Variable DF  Estimate Error t Value Pr> [t
Intercept 1 0.16 0.56 0.29 0.77
\"2! 1 0.16 0.07 2.18 0.04
V2 1 0.14 0.07 2.16 0.04
V4 1 -0.40 0.09 -4.58 0.00
V5 1 0.23 0.09 2.72 0.01
V7 1 0.16 0.09 1.80 0.08
V13 1 0.18 0.06 2.85 0.01
V14 1 -0.20 0.06 -3.42 0.00
V17 1 0.18 0.06 2.72 0.01
V25 1 -0.27 0.12 -2.20 0.03
V26 1 0.51 0.12 4.24 0.00
V27 1 0.30 0.11 2.73 0.01
Summary of Backward Elimination
Variable Numbe
Remove r Partial Model
Step d VarsIn R-Square R-Square C(p) F Value Pr>F
1 V24 25 0.00 0.83 25.00 0.00 0.99
2 V19 24 0.00 0.83 23.00 0.00 0.96
3 V15 23 0.00 0.83 21.01 0.01 0.92
4 V8 22 0.00 0.83 19.05 0.04 0.84
5 V23 21 0.00 0.83 17.10 0.06 0.80
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Residual

6 Vo6 20 0.00 0.83 15.17 0.09 0.77
7 V12 19 0.00 0.83 13.26 0.11 0.74
8 Vo9 18 0.00 0.83 11.39 0.17 0.68
9 V10 17 0.00 0.83 9.53 0.19 0.67
10 V18 16 0.00 0.83 7.60 0.10 0.76
11 V20 15 0.00 0.82 5.94 0.49 0.49
12 V11 14 0.00 0.82 4.47 0.78 0.38
13 V22 13 0.01 0.81 3.29 1.20 0.28
14 V3 12 0.01 0.81 2.10 1.19 0.28
15 V16 11 0.01 0.80 0.83 1.05 0.31
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Figure J-5: Backward Elimination Regression Residual Distribution-V21
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Appendix K: Principle Component Regression (PCR) Analysis

Table K-1: Principle Component Regression Analysis-V18

Dependent Variable:
V18
Number of 47
Observations Read
Number of 47

Observations Used

Analysis of Variance

Source DF Sum of Squares Mean Square  F Value Pr>F
Model 9 25.98 2.89 12.10 0.00
Error 37 8.83 0.24
Corrected 46 34.81
Total
Root MSE 0.49 R-Square 0.75
Dependent 2.94 Adj R-Sq 0.68
Mean
Coeff Var 16.64
Parameter Estimates
Parameter Standard
Variable DF Estimate Error t Value Pr> |t
Intercept 1 1.22 0.64 1.91 0.06
PC1 1 0.02 0.03 0.74 0.46
PC2 1 0.01 0.04 0.30 0.77
PC3 1 0.08 0.05 1.65 0.11
PC4 1 0.45 0.06 7.85 0.00
PC5 1 0.25 0.06 4.38 0.00
PCé6 1 -0.25 0.06 -4.06 0.00
PC7 1 0.22 0.08 2.89 0.01
PC8 1 0.18 0.07 2.54 0.02
PC9 1 -0.03 0.08 -0.40 0.69
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Figure K-1: Principle Component Regression Residual Distribution-V18
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Table K-2: Principle Component Regression Analysis-V19

Dependent Variable: V19

Number of Observations

Read 47
Number of Observations
Used 47
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Pr>F
22.78 2.53 0.000

Model 9 6.17 0
Error 37 15.17 0.41
Correcte 37.96
d Total 46

Root MSE 0.64 R-Square 0.60

Dependen 3.85 Adj R-Sq 0.50

t Mean

Coeff Var 16.63

Parameter Estimates
Parameter Standard

Variable DF Estimate Error t Value Pr> |t
Intercept 1 0.08 0.84 0.10 0.92
PC1 1 0.26 0.04 6.35 0.00
PC2 1 0.00 0.06 0.03 0.97
PC3 1 -0.06 0.07 -0.89 0.38
PC4 1 0.22 0.08 2.94 0.01
PC5S 1 -0.12 0.08 -1.57 0.13
PCo 1 -0.09 0.08 -1.14 0.26
PC7 1 -0.22 0.10 -2.17 0.04
PC8 1 -0.01 0.09 -0.07 0.94
PC9 1 0.28 0.11 2.60 0.01
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Figure K-3: Principle Component Regression Residual Distribution-V19
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Table K-3: Principle Component Regression Analysis-V21

Dependent Variable: V21

Number of Observations 47
Read
Number of Observations 47
Used
Analysis of Variance
Source DF Sum of Squares Mean F Pr>F
Square Value
Model 9 21.64 2.4 10.38 0.0000
Error 37 8.57 0.23
Corrected 46 30.21
Total
Root 0.48 R-Square 0.72
MSE
Depende 3.68 AdjR-Sq  0.65
nt Mean
Coeff 13.07
Var
Parameter Estimates
Parameter Standard
Variable DF Estimate Error t Value Pr > [t]
Intercept 1 0.26 0.63 0.42 0.68
PC1 1 0.20 0.03 6.36 0.00
PC2 1 -0.17 0.04 -3.86 0.00
PC3 1 0.05 0.05 1.06 0.29
PC4 1 0.16 0.06 2.80 0.01
PC5 1 -0.02 0.06 -0.33 0.74
PCo 1 -0.08 0.06 -1.30 0.20
PC7 1 0.23 0.07 3.13 0.00
PC8 1 0.13 0.07 1.87 0.07
PC9 1 0.03 0.08 0.42 0.68
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Figure K-5: Principle Component Regression Residual Distribution-V21
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Appendix L: Principle Component Analysis

Table L-1: Covariance Analysis
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le L-1: Covariance Analysis (Con’t)
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Table L-2: PCR Eigenvalues

Eigenvalues of the Covariance Matrix

Eigenvalue Difference Proportion Cumulative
1 6.08 3.03 0.24 0.24
b 3.05 0.55 0.12 0.36
3 2.50 0.61 0.10 0.45
4 1.90 0.26 0.07 0.53
5 1.64 0.14 0.06 0.59
6 1.49 0.31 0.06 0.65
7 1.18 0.05 0.05 0.70
g 1.13 0.27 0.04 0.74
9 0.86 0.09 0.03 0.77
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Figure L-1: Scree Chart
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Table L-3: PCR Eigenvectors

Eigenvectors

PRIN1 PRIN2 PRIN3 PRIN4 PRINS PRING6 PRIN7 PRINS PRIN9
V1 0.06 -0.03 0.04 0.38 -0.04 0.41 -0.18 0.38 0.06
V2 0.11 0.01 -0.13 -0.42 0.19 0.07 0.23 0.43 0.16
V3 0.13 0.15 -0.09 -0.04 -0.03 0.40 0.21 0.03 -0.16
V4 0.06 0.32 -0.33 -0.04 0.01 0.19 -0.16 0.03 -0.02
V5 0.15 0.23 -0.20 0.19 0.05 -0.08 0.57 -0.12 0.08
V6 0.17 0.09 0.01 0.08 -0.38 -0.12 -0.13 0.45 -0.29
V7 0.10 0.04 0.01 -0.21 -0.17 0.16 -0.11 0.11 -0.26
V8 0.18 -0.39 -0.17 0.07 -0.46 0.28 0.08 -0.13 0.29
V9 0.24 -0.06 -0.08 -0.12 -0.01 -0.02 -0.06 -0.03 -0.42
V10 0.01 0.05 0.18 0.41 0.26 -0.01 -0.27 0.01 -0.12
Vil -0.16 0.07 0.00 0.03 0.20 0.25 0.02 0.09 0.24
V12 0.05 0.02 -0.09 0.04 0.20 0.11 -0.02 0.14 0.38
V13 0.31 0.34 0.24 -0.18 -0.05 -0.18 -0.22 -0.12 0.27
V14 0.19 0.13 0.63 -0.12 0.18 0.41 0.20 -0.03 -0.12
V15 0.26 0.25 -0.09 -0.07 0.02 -0.06 -0.05 -0.28 -0.10
V16 0.36 -0.34 0.04 -0.29 0.27 -0.22 -0.17 0.20 0.13
V17 0.25 -0.45 0.08 0.08 0.20 0.19 -0.08 -0.35 -0.09
V18 0.02 0.06 0.06 0.37 0.25 -0.25 0.16 0.17 -0.08
V19 0.21 -0.01 -0.04 0.21 -0.10 -0.09 -0.17 -0.01 0.23
V20 0.10 0.08 0.43 0.06 -0.41 -0.16 0.17 0.04 0.24
V21 0.21 -0.15 0.05 0.11 -0.01 -0.13 0.21 0.12 0.03
V22 0.19 0.25 -0.04 0.03 -0.06 0.14 -0.23 -0.14 0.15
V23 0.28 0.13 -0.19 0.11 0.12 0.03 -0.17 0.05 0.08
V24 0.19 0.06 -0.14 0.03 0.11 -0.02 0.04 -0.12 0.05
V25 0.25 -0.01 -0.15 0.11 -0.02 -0.01 0.17 -0.07 -0.18
V26 0.21 -0.01 0.01 0.15 0.01 -0.05 0.19 0.02 -0.05
V27 0.20 -0.12 -0.03 0.07 0.08 -0.06 0.07 0.22 -0.05
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