
 

 

A Case Study of the Effects of Entrepreneurship Programs 

on Enterprise Performance 

 

 

 

by Andrés Lorán  

 

 

 

B.S. in Mechanical Engineering, May 2008, Universidad del Turabo 

M.E. in Manufacturing Engineering, May 2014 Polytechnic University of Puerto Rico 

 

 

 

The Faculty of  

The School of Engineering and Applied Science  

of The George Washington University  

in partial fulfillment of the requirements 

 for the degree of Doctor of Engineering 

 

 

 

May 19, 2019 

 

 

 

Praxis directed by 

 

Muhammad Islam 

Professorial Lecturer of Engineering Management and Systems Engineering 

 

John Fossaceca 

Professorial Lecturer of Engineering Management and Systems Engineering 

  



ii 

 

The School of Engineering and Applied Science of The George Washington University 

certifies that Andrés Lorán has passed the Final Examination for the degree of Doctor 

of Engineering as of March 01, 2019. This is the final and approved form of the praxis. 

 
 
 

A Case Study of the Effects of Entrepreneurship Programs 

on Enterprise Performance 

 

Andrés Lorán 
 
 
 

Praxis Research Committee: 
 

Muhammad Islam, Professorial Lecturer of Engineering Management and Systems 

Engineering, Praxis Co-Director 

 

John Fossaceca, Professorial Lecturer of Engineering Management and Systems 

Engineering, Praxis Co-Director 

 

Amir Etemadi, Assistant Professor of Engineering and Applied Science, Committee 

Member 

 

Ebrahim Malalla, Visiting Associate Professor of Engineering and Applied 

Science, Committee Member 

  



iii 

 

 

 

 

 

 

 

 

 

 

© Copyright 2019 by Andrés Lorán 

All rights reserved 

  



iv 

 

Acknowledgements 

 

 

Thanks to my advisors, Dr. Muhammad Islam and Dr. John Fossaceca, for their 

guidance and encouragement throughout the development and completion of this 

research. I would also like to thank the members of my committee, Dr. Amirhossein 

Etemadi and Dr. Ebrahim Malalla. I could not have completed this Praxis without them. 

I especially want to thank my family for their understanding, encouragement and 

support through this journey. Thanks for everything, I could not have asked for a better 

supporting team. 

 

 

 

  



v 

 

Abstract of Praxis 

A Case Study of the Effects of Entrepreneurship Programs  

on Enterprise Performance 

The common objective of Incubation or Entrepreneurship Programs (IEPs) is to 

facilitate the entrepreneurial process by meeting the needs of client enterprises and 

supporting their development. Organizations sponsoring and managing IEPs include a 

variety of entities that may be public or private, including universities, angels, and 

venture capital organizations.  

Policymakers and private-sector leaders need to decide which strategies are most 

effective and which practices should be changed or modified to invest resources. Many 

studies have been conducted in different contexts to assess the effectiveness of IEPs by 

relating the incubation process to businesses’ performance indicators, particularly in 

terms of job creation and economic development. These approaches present a variety of 

shortfalls: (1) Attention is not given to the value of the incubation processes. (2) 

Admission priority may be given to more-developed companies. (3) Most of the studies 

are based on unilateral judgments of the performance of the program as expressed by 

management. (4) There is lack of a standard model to facilitate planning and decision-

making. 

To overcome these limitations by providing appropriate information for decision-

makers at all levels, we adapted the model proposed by Hackett and Dilts (2007) to fit the 

context of Puerto Rico, particularly in technological aspects. Statistical techniques 

provide the necessary engineering rigor to determine the subjacent factors of the business 

incubation processes and to model them to gauge their effect on enterprise performance. 

Taking the large set of variables that characterize the processes of the IEPs and using 
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Principal Component Analysis methodology, it is possible to substantially reduce the 

number of variables needed to capture the principal characteristics of such processes. 

These new variables are used to develop Multinomial Linear Regression models that 

allow one to explain the effects of these processes on enterprise performance. 
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Chapter 1 – Introduction 

The potential of entrepreneurship as a vehicle for leveraging people’s talents, 

capacities, and energies to create a vibrant economy is widely recognized in most 

developed regions of the world. Over the past thirty years, organizations and programs 

created to support the development of new enterprises have experienced unprecedented 

growth around the globe. These entities enable entrepreneurial processes in which ideas 

are converted into successful businesses. 

The International Business Innovation Association (InBIA), formerly known as the 

National Business Incubation Association (InBIA, 2018), defines business incubators as 

catalysts for regional or national economic development. In the context of this study, the 

phrase “Incubation or Entrepreneurship Program” (IEP) refers to a spectrum of services 

and resources—known as “incubation processes”—aimed at facilitating entrepreneurial 

activities, meeting the needs of a client enterprise, and supporting its performance. Each 

IEP has its own set of rules and conditions, including the screening process and 

admission requirements for the client enterprise, hereinafter also referred to variously as 

the participant, incubatee, tenant, client, or customer. In the IEPs that are the subjects of 

our study, once an enterprise is admitted to the IEP, it goes through a process of 

orientation, training, and technical assistance, all aimed at achieving successful 

development using the facilities and network of the program host organization. 

IEPs are hosted by a wide range of organizations aimed at fostering the creation and 

development of enterprises. These entities and their programs may differ in scope, 

internal organization, the economic sector they specialize in, and the types of clients they 
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serve. They are sponsored and/or administered by a variety of organizations that may be 

public or private, including universities, angels, and venture capital organizations.  

In Puerto Rico, these programs are characterized by being independent and not quite 

coordinated. Nevertheless, they share essential goals, and the variety of services they 

offer range from assistance in the ideation of new business models, preparation of 

business plans, development of work teams, and orientation on capital access to a variety 

of other more specialized services. Also, as part of their menu, flexible space, shared 

equipment, and administrative services are included. 

Since the IEPs’ common objective is to provide targeted resources to support the 

development of client companies, policymakers and sector leaders need to decide which 

strategies are most effective, what practices should be optimized, and thus how best to 

invest resources. In order to avoid the waste of efforts and resources, they will seek to 

invest in the most promising programs and projects (in terms of dollars and jobs). The 

effectiveness of the business incubation industry has been put into question since the 

beginning (Al-Mubaraki, 2011). 

So far, there is no theoretical or practical model to measure the performance of 

business incubation processes in a standardized manner. (Al-Mubaraki, 2011). A standard 

model would help programs’ management, policymakers, and other stakeholders in better 

planning and successful implementation of business incubation initiatives. The “need to 

improve business incubator performance and reach tenant satisfaction complicates the 

business incubator management task operationally” (Sarwono and Trisetyarso, 2017). 

In summary, studies give attention mostly to client business economics and 

employment figures. This approach presents several shortfalls: (1) Not enough attention 
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is given to the value of the incubation process (Culp, 1996; Mian, 1997; Tamásy, 2007; 

Phan et al., 2005; Sarwono and Trisetyarso, 2017). (2) Admission priority may be given 

to more-developed companies (Clarysse et al., 2004; Hackett and Dilts, 2004; Culp, 

1996). (3) Most of the studies are based on unilateral judgments on the performance of 

the program as expressed by the operators (Li, 2010). (4) There is no standard model that 

would help in facilitating planning and higher-level decision-making (Hackett and Dilts, 

2007).  

This is the first time that former participants from all IEPs in Puerto Rico will have 

had the opportunity to share opinions on their experiences and the program they 

participated in, and, therefore, to contribute to the understanding of sector performance. 

Incubatees from all IEPs will be surveyed using an adapted questionnaire based on the 

one proposed by Hackett and Dilts (2007).  

To better understand and evaluate the incubation processes, Hackett and Dilts (2007) 

proposed the first systematically developed and rigorous model. It is based on three 

multidimensional constructs. In this study we incorporate a new construct, Information 

Technology (IT), which we validate and implement in the context of Puerto Rico along 

with the originally proposed Selection Performance (SP), Monitoring and Assistance 

(MA; which is Monitoring and Business Assistance Intensity renamed), and Resource 

Allocation (RA; which is Resource Munificence also renamed).  

As defined by Moullin (Moullin, 2007), measuring enterprise performance (EP) is 

“evaluating how well organizations are managed and the value they deliver for customers 

and other stakeholders”. The connection between value with growth and profit is the 

basis for our measurement scale. In view of the Puerto Rican business environment we 
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adopt a simplified method to evaluate EP as a variable that can take on one of four 

possible values: The Enterprise has been dissolved, The enterprise is surviving but cannot 

pay salaries, The Enterprise has paid wages or other benefits, including those received by 

you, and The enterprise reached its break-even point and is generating profits. 

1.1 Problem Statement 

The economic and social environment in which IEPs operate in Puerto Rico is 

different from the realities found in other US jurisdictions, as well as in most developing 

countries. This particular situation makes it difficult for many good practices that are in 

use in other regional or national contexts to be directly applicable to Puerto Rico. 

Therefore, here, as a way of supporting the planning and operation of the IEPs, we study 

their performance by measuring the relationship between client enterprise performance 

(EP) and the above-mentioned constructs of the IEPs’ operations: SP, MA, RA, and IT, 

as illustrated in Fig. 1.1.  

 

Figure 1.1 Causality Assessment 
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As a result of historical and political factors (Joffe and Martínez, 2016; U.S. House of 

Representatives, 2016), since 2006 Puerto Rico has been experiencing an economic 

decline. In fiscal year 2018, partly as a consequence of natural disasters, real GDP fell by 

11.2%, or around $8 billion. The situation was aggravated by the estimated population 

loss of 6% after Hurricane Maria (El Nuevo Día, 2018). 

A recent study of entrepreneurship in the Puerto Rico tech sector, commissioned by 

Endeavor (Abdelazim and Morris, 2018), stated that “Entrepreneurship plays a critical 

role in markets like Puerto Rico where unemployment is high and the economy faces 

significant structural challenges. This has motivated many of the entrepreneurs to either 

create their own opportunities or build their companies locally in order to support the 

local economy.”  

Infrastructure and human resource capacities—derived mainly from the prolonged 

presence of high-tech companies, in particular pharmaceuticals, biotechnology, and 

manufacturers of medical and electronic devices and supported by an ample and highly 

rated sector of higher education—coexist with high levels of poverty and a rate of greater 

unemployment than in any state of the US (Vera, 2013). Abdelazim and Morris’ study 

(Abdelazim and Morris, 2018) indicates that the Puerto Rico tech sector includes between 

600 and 650 operating entrepreneurial companies working in software development, e-

commerce, or fintech. In respect to local IEPs, indicates that most of them target early-

stage companies. 

It has been extensively demonstrated that in the US, as well as in most developed 

countries, business incubators promote communities’ economic development by 

supporting start-up companies, helping to establish and develop new companies, and 
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supporting the growth of existing small and medium-sized enterprises (SMEs) (OCDE, 

1999; Al-Mubaraki, 2013). In recent years, several public and private entities have been 

making efforts to promote entrepreneurship in Puerto Rico by creating IEPs, whose 

numbers increased from only four in 2012 (Estudios Técnicos, 2003) to 25 in 2018 

(COLMENA 66, 2018), hosted by some 20 organizations.  

1.2 Research Questions  

The intent of this praxis is to provide a framework that can help improve the 

performance of IEPs in Puerto Rico. To do this, we address the research questions below. 

From a review of the literature and taking into account the contribution of local 

specialists, it is possible to identify a large number of attributes or variables that 

characterize each part of the IEPs’ processes identified as a construct (see Fig. 1.1). 

However, this large number of attributes makes it difficult to interpret in a meaningful 

way either the data obtained from an appropriate sample or the numerous correlations 

between pairs of such variables. Therefore, the attributes need to be summarized with a 

minimum loss of information. Such a summary is possible if for each construct one 

identifies the subjacent factors that allow variables to be grouped with the most 

correlations possible for each group. This approach leads us to formulate the first 

research question: What are the principal subjacent factors corresponding to each of the 

four parts of the IEPs' operations in Puerto Rico? 

Since the aim of this study is to facilitate the management of IEPs and their internal 

planning by unraveling the causality relationship between their operations and enterprise 

performance (see Fig 1.1), it follows that one must focus on gauging that cause-effect 

link. Once the main underlying factors of the IEPs have been identified and those factors 
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have been utilized as random variables, it will be possible to model the relationship 

between components, their factors, and enterprise performance. These considerations lead 

us to formulate the second research question: To what extent do each of the four parts of 

IEPs’ operations influence the Enterprise Performance of former IEPs participants in 

Puerto Rico? 

1.3 Hypotheses Tests 

To address the second research question a group of statistical hypotheses relating 

each of the constructs to EP will be tested. In addition, the existence of a relationship 

between the different underlying factors of the individual constructs and the EP will be 

explored and presented in Chapter 4. The study, therefore, proposes four null hypotheses 

consisting in denying the statistical significance of each of the four constructs’ 

components in predicting enterprise performance.  

 H10: Managerial, market, product and financial characteristics comprising the SP 

construct are not statistically significant in predicting enterprise performance. 

H20: Time and quality aspects of the MA construct are not statistically significant in 

predicting enterprise performance. 

H30: Availability, quality and utilization aspects of the RA construct are not 

statistically significant in predicting enterprise performance. 

H40: Availability and usage aspects of the IT construct are not statistically significant 

in predicting enterprise performance. 

In all four cases the alternative hypotheses state the statistical significance of the 

corresponding constructs in predicting enterprise performance (see table 4.6). 



8 

 

1.4 The Purpose 

As previously stated, the main motivation for carrying out this study is the scarcity of 

previous studies and analyses that contribute to the planning and management of 

programs to support entrepreneurship in Puerto Rico. Thus, this work aims to achieve the 

following purposes: 

• Identify the principal underlying factors of IEPs’ operations. 

• Recognize predictors of EP.  

• Identify singularities influencing IEPs. 

• Provide a benchmark for IEPs. 

To achieve these results, we proposed to review the literature and examine the 

programs on the Island, then carry out a preliminary study aimed at helping us to better 

understand the programs. To effect this study, we proposed to solicit opinions from a 

group of specialists whose responses would aid us in formulating a questionnaire to be 

answered by the IEPs’ former participants. Finally, and importantly, we incorporated a 

statistical analysis to interpret the data obtained; this analysis, we believed, would yield 

answers aimed at achieving the study’s purposes. 

1.5 Key Assumptions and Limitations  

This study has two basic assumptions: context and population definition. First, it is 

limited only to Puerto Rican programs and the data were collected only from former 

incubation entrepreneurship programs in Puerto Rico. Therefore, the conclusions of this 

research may not be generalizable to programs in other regions or countries. Second, this 

study includes business incubation programs as well as similar programs that offer 



9 

 

services traditionally attributed to business incubators but that are not known as 

“incubators” but rather “entrepreneurship programs.” 

This study has two primary limitations: sample size and sample type. First, the 

limited sample size, due in part to the size of the population under study, limits the 

impact of the work done, particularly with respect to some of the EP categories in the 

second research question. The low participation of former participants of some IEPs 

and/or types of companies, due mainly to some programs’ recent creation, is a hindrance 

to deepening this investigation so as to draw conclusions specific to IEP categories or 

types of companies. Second, the survey has the typical limitation of web-based surveys, 

in that its findings are based on the responses from participants. This type of sampling 

method, known as convenience (or availability), presents drawbacks in terms of the bias 

that can be introduced into the results of the study. 

1.6 Organization of Praxis 

This praxis consists of five chapters. Chapter 1 presents the statement of the problem 

upon which the research is based and a discussion of its relevance. The problem 

statement, purpose of the praxis, and research questions are all included in this chapter. 

After a discussion of the limitations and key assumptions, an overview of the entire 

document is included. 

Chapter 2 provides a broad bibliographical review of different aspects of 

entrepreneurship and of business incubation and its effects on economic development, as 

well as a summarized examination of the data-analysis tools that are used. This chapter 

begins with a summary of historical and more recent studies on the impact of incubation 

programs at the regional and country levels. It continues with a description and 
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classification of the different approaches used for the assessment of incubation programs, 

followed by a survey of the principal aspects of the proposed constructs, including their 

definition and importance. These are essential elements for understanding the relevance 

of the research. Chapter 2 also includes a detailed description of the differing viewpoints 

on the limitations and applicability of Likert-type scales, which are used to capture 

information from IEPs’ processes. The chapter ends with a brief examination of the 

bibliography related to the statistical tools used in this study, including some references 

to previous applications to entrepreneurship, business incubation, and engineering-related 

research.  

Chapter 3 includes the overall research approach and the methodology used for each 

portion of the research. It begins by detailing the process followed to refine the final 

version of the survey instrument and a thorough description of the constructs, 

dimensions, and items, followed by a description of the data-collection procedures. 

Finally, a description of the three main stages of the data analysis process is included: (1) 

preparation, (2) Principal Component Analysis (PCA), and (3) Multinomial Logistic 

Regression (MLR). 

Chapter 4 presents the results of the research conducted and an analysis and 

interpretation of the data obtained to answer the central question.  

Chapter 5 summarizes the findings from the research along with conclusions that can 

be reached. It is followed by a short discussion of the study’s contribution to the body of 

knowledge. The implications for systems engineering professionals and business leaders 

are provided as well. Finally, this chapter offers research limitations and highlights 

potential further research. 
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Appendices are included: the survey instrument, letters of support, and the output 

screen of the SPSS statistical software package that was used for the statistical analyses. 
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Chapter 2 – Literature Review 

The 2017/18 Global Entrepreneurship Monitor Report (GEM, 2018), which was 

based on a survey covering 68% of the world’s population and 86% of world GDP, 

reports that levels of entrepreneurship are stable or on the rise at the global level and that 

opportunities-driven entrepreneurship predominates.  

This literature review begins with a consideration of enterprise performance systems. 

It is followed by a review of the effects of entrepreneurship on the economy and the role 

of IEPs in supporting enterprise development, as well as an overview of historic and 

recent developments in the area of IEPs’ performance at the regional and country levels. 

The third section of the chapter offers a description of the changing value proposition and 

the successive generations of entrepreneurship programs. The following two sections 

provide an overview of the studies of the impact of incubation programs in the frame of 

diverse regions and countries since the origin of the industry followed by a summary of 

the evolution of business incubation in Puerto Rico. 

The chapter continue with a discussion of various approaches used for the evaluation 

of individual incubation programs, including their classification and critiques as well as a 

survey of the main aspects of the proposed constructs. Consequently, we include a 

description of different aspects of the rating scales, mainly of the Likert-type, used to 

capture information on incubation and business support processes. The chapter ends with 

a review of the data-analysis methodologies used to explain the relationships among the 

studied variables including a brief description of several applications related to 

entrepreneurship and several engineering disciplines. 
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2.1 Enterprise performance 

For a long time, organizations in all productive sectors throughout the world seek to 

find effective performance measurement systems. These measurement tools can help to 

identify weaknesses, define strategies and objectives, and guide continuous improvement 

processes (Jamil, 2011).  

Measuring EP allows assessment of the way programs are managed so as to generate 

value for their clients, sponsors and other related parties (Moullin, 2002). The connection 

between value with growth and profit is frequently used as the basis for the measurement 

of performance. This is the approach followed in this study (see section 3.1.5) in order to 

avoid the challenges of applying to small enterprises yardsticks used for large 

organizations. 

2.2 Effects of Entrepreneurship and Incubation on the Economy  

The development of new companies plays a vital role in regional and national 

economic growth. There is ample literature explaining the relationship between 

entrepreneurship and economic development (Acs, 2006; Sage, 1993). Special attention 

has been paid to the positive impact on a variety of such particular cases as developing 

economies (Al-Mubaraki et al., 2014), fuel-exporting countries (Salem, 2014), and rural 

regions (Stenberg, 1993; Halaby, 2015). 

The quest for rapid entrepreneurship development in order to expedite economic 

development motivated government administrations globally, particularly in developing 

economies. This is demonstrated by the diversity of incubators and other support 

structures put in place by several countries’ governments (Obaji 2015). In those regions 

or countries in which no enabling environment or business networks exist, these 
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programs provide the type of support that entrepreneurs need when they launch their own 

business.  

2.3 Business Incubators and Entrepreneurship Programs  

Since the first business incubator was established in 1959, providing supervision and 

accompaniment services during the early stages of SMEs the number of incubators has 

grown steadily (Middleton et al., 2012), (see Figure 2.1) and they have become one of the 

most widely used instruments around the world for supporting entrepreneurship and, 

consequently, economic development. A variety of forms and names were adopted in the 

process of spreading the concept, and many business incubators diversified their offerings 

by implementing several different programs under the same structure. 

 

Figure 2.1 Number of Business Incubators Worldwide 

The number of business incubators worldwide could vary depending on the 

definition. The International Business Innovation Association (InBIA, 2017) estimated 

that in 2009 there were approximately seven thousand incubators worldwide.  

There are also a variety of entrepreneurship programs with service portfolios tailored 

to meet the needs of companies at different stages of their development, including 
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incubators, business accelerators and coworking spaces among others (Harris, 2017); the 

differences among these IEPs are not always clear. Figure 2.1 shows the number of 

entrepreneurship programs by type in the US. 

 

Figure 2.2 Numbers of US Entrepreneurship Programs by Type 

Approximately 30% of incubation programs around the world are supported by 

economic development organizations, 21% by government branches of various kinds and 

names, and 20% by educational institutions (Knopp, 2007). In the United States, most of 

these programs are independent, although the U.S. Department of Commerce's Economic 

Development Administration frequently provides funding to establish business 

incubators; once they're operational, they don't usually receive federal financial support. 

Only a few states provide funding for incubators, most of whose income comes from 

rents and customer fees (59%), service contracts (18%), and subsidies for operational 

aspects (15%) (Knopp, 2007). 

2.4 The Changing Value Proposition 

The continuous transformation of the industry is reflected in the advent of successive 

generations of IEPs bringing new creations or evolving from already existing programs. 
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The first generation, focused on the provision of physical space, had its boom until the 

mid-80s. The second generation, expanding its portfolio with intangible services, 

prevailed until the beginning of the 2000s. The third generation, focused on new 

technology-based companies, dominated until more recently (Bruneel, 2012; World 

Bank. 2009). 

Pawels (Pawels, 2016) points out a new generation of incubation models initiated in 

Europe since 2010. Accelerators aim to speed up successful venture creation by 

emphasizing educating and mentoring during an intensive program over a short period of 

time. These most recent IEPs have already diversified into industry-vertical focused 

programs (Cohen and Hochberg, 2014). 

A complete inventory of services offered by these programs was carried out by Sahidi 

(Sahidi, 1998), who grouped the services in the following five categories: financial 

counseling, management assistance, general business, professional business, and 

physical. But entrepreneurship and incubation paradigms have been changing over the 

years. 

Little is known about which incubators have adjusted their value proposition or have 

simply remained functioning as they were originally founded. Bruneel et al. (Bruneel et 

al., 2012) suggest that older incubators should update their service portfolio as well as 

their selection criteria and establish clear exit policies for their customers. Along these 

lines, we note that in 2015, the largest global organization of business incubators, 

formerly known as the National Business Incubation Association, upgraded its name to 

InBIA to better reflect its role as an advocate within entrepreneur-driven economic 

ecosystems (CALEL, 2015). 
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Paradigmatic changes as well as the growing interest in business incubators has 

stimulated the development of specialized incubators (SBTI, 2010; Marimon, 2006) in 

areas such as technology (Chan, 2005; Lalkaka, 2012; Ozdemir, 2013; Támasy, 2007), 

rural business (Stenberg, 1993, Yatara, 2016), small business (Allen, 1985) and food 

(Faber, 2017). 

Among the changes that have occurred in the last twenty years in the IEPs’ portfolio 

of services are services whose provision does not require the physical presence of the 

recipient or that offer the services in reduced physical spaces, as for businesses entering 

the software industry. Virtual incubator model initiatives have been proposed and 

implemented (Nowak and Grantham, 2000; Gabrielson et al., 2017) to help startup 

success and creation of business networks, shifting the focus to the ‘‘virtual value chain’’ 

and to linking enterprises with experts and partners.  

Moreover, other research, focusing on local and state governments in the US willing 

to promote entrepreneurship, suggest that policymakers “embrace a new approach that 

puts entrepreneurs at the center, creating communities characterized by dense 

connections among entrepreneurs and organizations that support them—that is, shifting 

from the top-down strategy of incubators and venture funds to a more entrepreneur-

centered approach” (Motoyama et al., 2015).  

2.5 Regional Studies 

Policy makers and community leaders at both regional and local levels are interested 

in supporting entrepreneurship programs and business projects with the greatest potential 

for succeeding. In order to achieve this goal, many studies of the performance of 

incubation programs in regions and countries have been carried out since the 1990’s. 
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Sherman (Sherman, 1998) summarized five research studies of regional scope completed 

between 1988 and 1995 and conducted a pilot test of a methodology to assess the impact 

of incubators on a national representative sample of fifty incubation programs. 

The European Commission (Europan Comission, 2002) carried out an extensive study 

of business incubators in EU member states; this study led to a set of recommended 

requirements for member states to authorize the establishment of new incubators co-

funded by the EU. Another outcome of the same study is a set of guidelines to select and 

supervise incubation projects as well as an analytical framework to evaluate incubators’ 

performance. 

Despite the ever-changing contexts of technology incubators in Germany and science 

parks in the UK and US, Tamásy (Tamásy, 2007) found that the results do not vary 

substantially. His research demonstrates that “in all three countries, the effects come 

primarily from the characteristics of the incubators in which various selected firms work 

under the same roof” (Tamásy, 2007). It can be concluded that regions need to be 

populated enough in order to reach scale economies, along with academic and research 

institutions to host IEPs. Another conclusion reached by Tamásy “is that technology-

oriented business incubators should be run as private organizations without public 

funding” (Tamásy, 2007). 

Schoonmaker and Carayannis (2010) focus on the Maryland State Innovation 

Network, which includes academia, industry, and government. The main aspects 

addressed are which factors best forecast the success of innovation and which regional 

factors contribute most to innovation and commercialization. Schoonmaker and 

Carayannis’ (2010) contribution to theory is the incipient “development of a quantitative 
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model from which to build enhanced models for other regions and/or sectors”. Of interest 

is the conclusion that “none of the independent variables alone could predict a positive 

outcome for any of the dependent variables” (Schoonmaker and Carayannis, 2010). 

Alon (2013) has conducted a study in Brazil’s northeastern region to evaluate the 

practice and the impact of this economic development tool, concluding that enterprise 

development can be put to greater advantage in the region if a given set of policy and 

managerial changes are introduced (Alon, 2013). Also in Brazil, Azevedo-Fonseca and 

Charbel-Jarbour (2012) have turned their attention to the assessment of the environmental 

aspects of a group of incubators by formulating and testing a set of variables relevant to a 

sustainable society (Azevedo-Fonseca and Charbel-Jarbour, 2012).  

Messeghem et al. (Messeghem et al., 2017) present an approach that integrates and 

involves all types of stakeholders, thus allowing a global measure of incubator 

performance. Nevertheless, they call for future research to apply quantitative methods to 

test the usefulness and relevance of the indicators used in the study. Özdemir and 

Sehitoğlu (Özdemir and Sehitoğlu, 2013) focus on the performance evaluation of 

business incubators as a support tool for small and medium enterprises and their 

significance for the case of Turkey. Sentana et al. (Sentana et al., 2017) provide a 

methodology to study the economic impact of forty business incubators in the 

autonomous Spanish region of Valencia and conclude that economic returns have 

exceeded investments in these particular incubators. 

The Gulf Cooperation Council developed a study (Al-Mubaraki, 2011) covering five 

countries in the region and considering four dimensions: business graduation rate, the 
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success of incubated businesses, jobs created by incubation, and salaries paid by 

incubator customers. 

All the regional studies outlined above share the common feature of being based on 

economic indicators and enterprise performance. Mutambi et al. (2010) analyze the state 

of business incubation systems in different regions of the world, concluding that it is a 

pivotal tool for industrialization and national competitiveness and identifying 

recommendations for strengthening business incubation in Uganda based on the lessons 

from other countries (Mutambi et al., 2010). 

2.6 Entrepreneurship and Incubation Programs in Puerto Rico  

The results of the 2017 Global Entrepreneurship Monitor Survey for Puerto Rico 

(GEM, 2017b) show that despite the local economy’s prolonged recession, the population 

sees good opportunities for new businesses. Moreover, the business community is 

considered capable of successfully tackling the challenges of starting a business project, 

even despite some socio-cultural values that hinder entrepreneurship. As a result of this 

attitude, more business activity has been seen than in other innovative economies. 

However, the study shows that the percentage of projects that prevail over time represents 

a severe problem, rooted as that relatively low percentage is in the conditions of the 

Puerto Rican business framework. 

Puerto Rican consulting group Estudios Técnicos (Estudios Técnicos, 2013) 

conducted the first study on business incubators in Puerto Rico, analyzing the three 

programs existing at the time of their study. Over the years, additional programs were 

developed, up to the 23 participating in this study today; they are identified in the 

Resources Section of the COLMENA66 webpage (Colmena66, 2018). Given the fact that 
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the IEPs were created by a wide variety of sponsors, today we face a landscape of very 

diversified incubation programs, many of which are known generically as 

entrepreneurship programs. 

2.7 Incubation Programs Evaluation  

Arlotto et al. (2011) divide the literature analyzing the effectiveness of incubators into 

two classes. The first one, “normative,” inquires into the best practices of incubators in 

order to formulate recommendations to improve their processes. These studies are 

controversial because they are often strongly influenced by the need to justify the use of 

public funds, and also because they frequently overlook the external factors which affect 

enterprises’ performance. The second class, called “positivist,” focuses on the general 

incubation process and the impact of incubators on the creation of value in the 

enterprises. These studies, too, are criticized, principally because the heaviest weight in 

the evaluation is put on firms’ survival, the jobs created, and the taxes paid, neglecting 

other essential aspects of social value (Arlotto et al., 2011).  

As part of the European Union Benchmarking of Business Incubators (European 

Union, 2002), an analytical framework was applied to evaluate the performance of 

business incubators. The key points of the framework were: (1) a generic business 

incubator model; (2) a number of key issues of good practice that provide the framework 

for defining benchmarking indicators; and (3) the principal performance drivers that 

affect the incubators’ achievement of best practices. To validate the model, two surveys 

were conducted: one focused on the incubators themselves and the other on the client 

companies. 
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There are many critics of the methodologies used in the many incubator assessment 

studies. Messeghem et al. (Messeghem et al., 2017) note that the literature reveals that 

although many studies have focused on incubator performance, most of them do not take 

into consideration the perspectives of all stakeholders. Other researchers (Peters et al., 

2004; Campbell et al., 1989) pointed out the inconveniences of tying the incubation 

processes’ performance to businesses’ performance indicators mainly on the criteria of 

job creation and economic development.  

Several experts (Culp, 1996; Mian, 1997; Tamásy, 2007) have expressed doubts 

about the causal relationship between the performance of the incubation program and 

business success. The exclusive attention given to economic considerations may overlook 

the quality of the program’s processes and its primary function, which is to help the new 

companies. Therefore, the IEPs in order to meet their performance brief may be inclined 

to choose more-developed enterprises (Culp, 1996). Culp (1996) concludes that the 

“problem of evaluation becomes a problem of selection” (Culp, 1996).  

Business incubators and entrepreneurship programs in general have the common 

purpose of supporting their clients by placing a portfolio of services and resources at their 

disposal. But “up to now, there exists no commonly agreed model in theory or practice to 

measure the effectiveness of business incubation in a standardized way” (Al-Mubaraki, 

2011).  

It has been mentioned as another limitation of most of the studies that they are based 

on unilateral judgments (Li, 2010) on the performance of the incubators given by the 

operators themselves. It has also been recommended that research is needed to enrich the 

concept of performance using the views of incubated companies. 
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The first systematically developed rigorous model to examine the incubation 

processes and provide useful data for incubator planning and benchmarking purposes was 

proposed by Hackett and Dilts (2007). As mentioned above, the model is based on three 

multi-dimensional constructs. A total of 56 items (questions) are broken down as follows: 

Selection Performance, with 20 items grouped in 4 dimensions; Monitoring and Business 

Assistance Intensity, with 14 items grouped in 2 dimensions; and Resource Munificence, 

with 22 items grouped in 3 dimensions. It was validated with data from 53 incubators 

from the US. Later, the model was applied in Malaysia (Khalid et al., 2012) with the 

incorporation of an additional construct, Professional Management Services, which 

includes marketing and promotion. More recently, it was applied in Nigeria (Iyortsuun, 

2017) with minor adaptations to the local culture, producing valuable information for the 

decision-making process of the National Business Incubation Program. When the 

variables values are obtained from former client enterprises, the model overcomes some 

of the drawbacks mentioned before, particularly unilateral judgments provided by the 

programs’ management.  

As part of her study on the measurement of the performance of business incubators, 

Vanderstraeten (Vanderstraeten, 2016) highlights the work of Hackett and Dilts (2007) 

and comments on the relevance of his research, stating that only this work seems to 

provide validated scales to measure the effectiveness of the business incubators. 

However, the dimensions and other elements proposed in this work can be adapted to 

specific contexts by adding, merging and/or eliminating elements. For example, 

Iyortsuun (Iyortsuun, 2017) proposed a total of only 22 items. In the following four 
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sections, the literature that establishes the relevance of the proposed constructs and other 

aspects is reviewed. 

In the following four sections, we review the literature establishing the proposed 

constructs’ relevance and various aspects of their importance. 

2.7.1 Selection Performance  

The importance of the incubatee-selection process has been widely recognized (Peters 

et al., 2004), as has IT relevance as a program management task (Aerts et al., 2007; 

Hackett and Dilts, 2004; Mian, 1997). High selection standards minimize the number of 

incubation failures by identifying essential aspects of a successful company (Hackett & 

Dilts, 2004; Aerts et al., 2007). 

This process is particularly relevant in the case of technological incubators or those 

oriented to specific sectors in which it is necessary to define specific criteria for the 

selection of incubatees. In this way, incubators will be able to create more homogeneous 

groups (Lambing and Kuehl, 2003) or have specific resources for the companies on 

which the program is focused, thus positively impacting the projects’ probability of 

success (Aerts et al., 2007). 

Aerts et al. (2007) found that most incubators in Europe do not select potential clients 

on a balanced set of factors but focus on either the characteristics of the market or of the 

management team (Aerts et al., 2007). It was found that in the European context, more 

balanced selection criteria contribute positively to the client enterprise survival rate. In 

summary, the literature demonstrates that the impact of SP does not always have the 

same effect in different regions or countries. In our experience, that same practice is 
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widespread in Puerto Rico; it would be of great interest to find the impact of IT on the 

performance of the local IEPs.  

2.7.2 Monitoring and Business Assistance 

In general, IEPs offer assistance to the incubated in a variety of formats such as 

seminars, workshops, consulting, coaching, and mentoring. Gibson and Wiggins (Gibson 

and Wiggins, 2003) states that to establish clear metrics for success is one essential task 

that business incubators must accomplish in order to succeed. IEPs’ managers and 

experts in the field recognize the importance of continuous communication between the 

program management and the incubatees to guarantee that firms make progress in parallel 

with the milestones developed with them, identify its needs, and provide feedback on the 

program administration. 

Monitoring and evaluation are essential activities that may take place in different 

ways and formats including formal or informal, one-on-one or team meetings, scheduled 

presentations, ad-hoc meetings, and panel reviews (O’Neal, 2005; Patton, 2009; Smilor, 

1987). Hackett and Dilts (Hackett and Dilts, 2004) identified two dimensions within the 

Monitoring and Assistance construct (Comprehensiveness and Quality). 

2.7.3 Resource Allocation 

The definition of Resource Munificence adopted by Hackett and Dilts ---borrowed 

from Daft (Daft, 1983)--- includes ‘‘all assets, capabilities, organizational processes, 

attributes, information, knowledge, etc., controlled by [the incubator] that enable to 

conceive of and implement strategies that improve its efficiency and effectiveness” 

(Hackett and Dilts, 2004) and are categorized by resource availability, quality and 

utilization. Khalid (Khalid, 2012) suggest for this concept the term Resource Allocation, 
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the same that is used in this study. Despite the variety of resources that could be part of 

an IEP portfolio, it is not possible today to define a uniform portfolio. The resources 

available in each IEP will depend on the type of clients and the other features and 

methods of operation of the programs. 

At the beginnings of the industry, it was emphasized in the physical facilities, such as 

flexible office space, meeting and presentation rooms, space for the coffee, basic 

telecommunications equipment, etc. Subsequently, numerous authors expanded the IEPs' 

resources portfolio that should be available to those occupying space in their physical 

facilities. Typically, they include a variety of resources such as: “administrative 

assistance, facilities support, business expertise including management, marketing, 

accounting and finance” (Smilor, 1987) as well as a network of interactive community of 

entrepreneurs, academics and business leaders (Smilor, 1987; Merrifield, 1987; Sherman 

and Chapel, 1998; Campbell, 1989; Mian 1997). 

From a different perspective, Barney (1991) concludes that the availability of 

resources that make possible for a firm to conceive or implement strategies to improve its 

efficiency and effectiveness is a source of competitive advantage or sustainable 

competitive advantage. He also adds that such strategies must exploit internal strengths, 

respond to environmental opportunities, neutralize external challenges, and overcome 

their own weaknesses (Barney, 1991). 

The resources of the business incubators have been studied from many different 

perspectives, such as networking capabilities and cooperation practices (Bollingtoft and 

Ulhoi, 2005) and firm’s knowledge acquisition methods (Studdard, 2006). Mian (Mian, 
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1994) studied the value-added contributions –-particularly to technology-based start-ups--

- of the incubator’s connection to a university.  

2.7.4 Information Technology 

Information technology support and infrastructure positively and significantly 

influence the early development of firms and contribute to increasing graduation 

performance in China's three-tier city-government and university-sponsored technology-

based incubators (Xiao, 2016). “When developing highly innovative products or services, 

incubator firms are most likely to receive support from strong and close ties such as 

professors at a university” (Soetanto and Jack, 2011). In the literature, one sees that 

proximity to the sources of scientific and technological knowledge, such as academic 

institutions, and research centers is vital for a firm’s development. Entrepreneurs greatly 

value university networks as an important element within their relationship portfolio and 

as an effective means of using technological developments to achieve a competitive 

advantage (McAdam and McAdam, 2006). 

Information technologies are having a major impact on consumers, industries, and the 

world economy. The number of strategies available for online start-up services is limited 

and needs to be implemented quickly and effectively (Strader, 2017), but entrepreneurial 

enterprises often do not have the necessary technical skills. Some IEPs in Puerto Rico 

provide their customers with the technical support needed to meet this challenge. 

The definition of Information Technology (IT) adopted for this study encompass 

support for mobile devices and server applications, data communications and network 

security needs, software, and cloud computing solutions selection processes, access to a 
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network of high-level experts, and availability of modern technical technological 

infrastructure. 

2.8 Data Gathering 

Numerous studies on different aspects of business incubation processes are based on 

the work of Hackett and Dilts (2007). A large part of these investigations are based on 

data compiled using survey questionnaires using Likert-type scales. 

2.8.1 Survey Questionnaires 

The preparation of the survey instrument was guided by Hackett and Dilts’ work 

aimed at measuring the performance of business incubation processes. Numerous studies 

of different aspects of the incubation processes based on survey questionnaires used their 

work as an important reference. Kinya (Kinya, 2018) used a questionnaire to survey 41 

incubator-related individuals to identify strategies for being more effective and efficient 

in utilizing incubators’ resources to achieve superior performance. Stephens (Stephens, 

2012) examines the impact of Irish business incubators using data collected with a 

questionnaire to survey 43 incubatees. Iyortsuum (Iyortsuum, 2017) studied firm 

performance prediction from the constructs of the business incubation process using a 

questionnaire to survey 151 firms. Meru and Struwig (Meru and Struwig , 2011) 

surveyed 124 entrepreneurs using a questionnaire to study their perceptions of business 

incubation processes in Kenya.  

Survey questionnaires were also used to produce quantitative data as a secondary 

source or to complement qualitative research. Schwartz (Schwartz, 2009), using a 

standardized questionnaire, surveyed 140 firms graduated from five German business 

incubation programs to evaluate the quality of support during their initial incubation 
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period. O’Connor (O’Connor, 2011) performed a study in Singapore and South Australia 

in support of qualitative data by administering a questionnaire to 249 individuals who 

underwent business incubation as compared to those who did not.  

2.8.2 Rating Scales 

Rating scales are widely used to capture information on a wide range of phenomena, 

Liker-type being the most frequently used. Among its different applications is the 

measurement of perceptions or evaluations of services and business performance. Likert-

type scales provide a range of possible reactions to a given question or statement. 

Typically, there are five categories of response, for example in one end 1 for very 

unlikely, and in the other end 5 for very likely. However, there are different viewpoints 

among researchers about the optimal number of options in Likert-type scales. While 

Mattel and Jacoby (Mattel and Jacoby, 1971) argue that the reliability and validity of the 

measurement are not affected by the categories, Likert (Likert, 1932) and others 

recommend that as wide a scale as possible be used, and Guilford (Guilford, 1954) 

maintains that the optimal number of scale-points is determined by the situation.  

There are several researchers favoring seven-point scales. Cohen et al. (2000) 

recommend seven- (or even more) point scales created by extending the extremes of the 

five-point scale (Cohen et al., 2000). Symonds (Symonds, 1924) recommends as 

optimum the seven-point scale. Allen and Seaman (Allen and Seaman, 2007) found that 

to get the upper limits of scale’s reliability a seven-point scale is recommended.  

 Brown (2007) has suggested that even-numbered Likert scales force the participant 

to assume a position even if they do not have an opinion, as opposed to odd-number 

scales that allow for a position of neutrality (Brown, 2007). Garland (1991) showed that 
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the “presence or absence of a mid-point on an importance scale produces distortion in the 

results obtained” (Garland, 1991).  

Another consideration is the bias in the responses, this is systematic influences on 

observed scores that do not reflect the true score. Several authors studied the wording of 

the items as one of the most frequent sources of bias. Spector (1992) and Roszkowski 

(2010) proposed that bias can be reduced in survey instruments by using items that are 

phrased in opposite directions (positive and negatively worded) (Spector, 1992; Chen et 

al., 2007). Chen et al. (2007) addressed this aspect by suggesting “that there were 

significant relations between students’ grade levels and their ratings provided by teachers 

and students’ tendency to respond to negatively-worded items” (Chen et al., 2007). 

Alreck and Settle (Alreck and Settle, 2003) established guidelines for reverse scoring 

negatively-worded questions in order to maintain consistency.  

There are other issues related to Likert scales. Gliem and Gliem (2003) concluded 

that when using Likert-type scales, it is vital to use the Cronbach’s alpha for the 

reliability and internal consistency for any scale or subscale (Gliem and Gliem, 2003). 

The data analysis should then use these added scales or subscales and not the individual 

items. Willits (Willits et al., 2016) successfully counter this argument by establishing that 

individual items are useful when the referenced element is unique, concrete, and 

comprehensible to the participant. 

An important controversy regarding Likert-like scales is whether statistical 

conclusions resulting from their utilization are “affected by the application of common 

parametric tests to data that do not meet the mathematical assumptions, including 

normality and homoscedasticity” (Willits et al., 2016). Stevens (1946) argued the 
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inconvenience of using Likert scales as a measuring tool based on the fact that common 

statistical techniques are only allowed for interval scales or ratio scales. However, these 

arguments have been frequently countered (Stevens, 1946). 

After analyzing 188 research articles in which Liker-type items were compared, 

Clason and Dormody (Clason and Dormody, 1994) concluded that parametric statistical 

procedures meaningfully answered the research questions and maintained the richness of 

the data and were not subject to scaling issues. Parker et al (2002). found that a researcher 

can “reliably use parametric hypothesis tests such as the t-test and ANOVA as well as 

measures of association such as regression and correlation” (Parker et al., 2002). Norman 

(2010) concluded in his research that “parametric statistics can be used with Likert data, 

with small sample sizes, with unequal variances, and with non-normal distributions, with 

no fear of coming to the wrong conclusion. These findings are consistent with empirical 

literature dating back nearly 80 years” (Norman, 2010). 

2.9 Data Analyses 

Principal Component Analysis (PCA) is a statistical methodology used to summarize 

the information content in a large set of variables by mean of a smaller number of new 

uncorrelated variables, known as principal components (Härdle and Simar, 2015: 319-

358, Tabachnick and Fidell, 2001: 583-652). In this study, these components, in addition 

to being interpreted in terms of the IEPs’ activities, will be used to analyze their 

relationship with EP by mean of a Multinomial Logistic Regression (MLR) model 

(Tabachnick and Fidell, 2001: 517-580). 
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2.9.1 Factor Analysis Applications  

PCA is probably the most popular multivariate statistical technique, and it is used in 

almost all scientific fields (Abdi, 2010) particularly in engineering-related disciplines. It 

is frequently placed under the broad title of Exploratory Factor Analysis (EFA) because 

of the common purpose of reducing the number of variables and some common statistical 

procedures. In PCA, all the variance in the observed variables is analyzed. In EFA, on the 

other hand, only shared variance among variables is analyzed. PCA produces components 

and EFA produces factors. Nevertheless, the term “factor” is sometimes used to refer 

indiscriminately to both components and factors (Tabachnick and Fidell 2001; 582-585; 

Ngure, 2015).  

The selection (extraction) of the principal components that should be kept for further 

analysis is a principal stage in PCA. Several methods have been suggested for performing 

this process; comparisons among them are found in the literature (Franklin, 1995; 

Akhtar-Danes, 2017). 

The final determination of the components to be extracted is made by running the 

analysis extracting components, as was theoretically explained, and seeing the number of 

components producing the most interpretable results. At the completion of the PCA, 

MLR enables the researcher to use the extracted components as predictor variables and 

test their relationships with EP. 

PCA has been used by previous researchers in a variety of fields. In the field of 

entrepreneurship, Lee and Osteryoung (2004) compared “critical success factors for 

effective operations of university business incubators in the United States and Korea” 

(Lee and Osteryoung, 2004). Fourteen items measuring the perceived importance of 
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university business incubators’ critical success factors were subjected to PCA (Lee and 

Osteryoung, 2004).  

In the field of water engineering, Wuttichaikitcharoen and Babel (2014) applied PCA 

to predict the transport of sediment in rivers that is needed for adequate management of a 

river basin. “Three major groups of explanatory variables are considered as being 

involved in relating sediment yield to watershed variables, these are the hydrologic event 

variables, the watershed conditions and land use variables, and inherent watershed 

variables such as area, geology, and physiography” (Wuttichaikitcharoen and Babel, 

2014). 

In the area of hyperspectral imagery, Li (Li, 2011) uses PCA to demonstrate that a 

new classification algorithm for remotely sensed hyperspectral image data can provide 

classification results comparable to those achieved by other state-of-the-art methods. 

Similarly to our study, Li (2011) combines this methodology with Multinomial Logistic 

Regression to achieve additional results. 

In the field of biomedical engineering, Azbari et al. (2016) have demonstrated that 

fetal electrocardiograms (FECGs) could be non-invasively extracted from the maternal 

abdominal electrocardiogram (ECG) signal, thereby reducing the need for the fetal scalp 

electrode. This can be accomplished by applying PCA to a large set of variables, a 

combination of cardiac data, artifacts, and interferences to provide a few uncorrelated 

principal modes that keep the main data’s maximum possible information. Furthermore, 

the author finds that PCA could make automatic selection of meaningful components 

possible (Azbari et al., 2016). 
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2.9.2 Logistic Regression Applications  

Multinomial Logistic Regression (MLR) is “used to predict a discrete outcome such 

as group membership, from a set of variables that may be continuous, discrete, 

dichotomous or a mix” (Tabachnick and Fidell, 2001: 517-580). This methodology 

enables one to forecast the probabilities of the different possible outcomes, rank the 

relative importance of independent variables, and evaluate interaction effects. 

Multinomial regression models have been employed by previous researchers in 

studies in a diversity of disciplines. In the field of business incubation, Rothaermel and 

Thursby (2005) studied the performance of 79 tenants of the Advanced Technology 

Development Center associated with Georgia Institute of Technology (GT - Georgia 

Tech) over a six-year period. In Rothaermel and Thursby’s research, the performance of 

the ventures was the dependent variable coded as a multinomial variable with three 

categories: failure, remaining in the incubator, and successful graduation. Several 

independent variables describe the linkages between the university, on the one hand, and 

the firm, the founder, senior management, and the inventor of the technology, on the 

other, as well as various contractual issues and other aspects (Rothaermel and Thursby, 

2005).  

In the area of entrepreneurship, Townsend et al. (2010) addressed the question “Why 

do some individuals choose to start new ventures?” The data were provided by 316 

nascent entrepreneurs over a five-year period. The dependent variable “Status of their 

potential venture” was coded as a multinomial variable with four possible outcomes: 

operating business, active start-up, non-active start-up, and abandoned idea. The 
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independent variables were outcome expectancies, ability expectancy, and time lags 

(Townsend et al., 2010). 

In an application in power engineering, Wang et al. (2018) used MLR to explain the 

influence mechanism between selected residential electricity impact factors (IFs; 

explanatory variables) and residential electricity consumption level (RECL; response or 

dependent variable). The explanatory variables were grouped in the following categories: 

dwelling characteristics, socio-demographics, appliance and cooking-heating methods, 

appliance usage, cooking-heating method, and attitudes (Wang et al., 2018). 

A study by Bham (2012) applies MLR to the field of transportation engineering. 

Based on three years of crash-related data for urban, non-junction, divided, and undivided 

US highways, the study analyzes the contributing factors for a number of collision types. 

These types include single-vehicle and multi-vehicle “collisions, which included angular, 

head-on, rear-end, sideswipe-same-direction, and sideswipe-opposite-direction 

collisions” (Bham, 2012). Different collision types were used as response variables, 

whereas geometric, traffic, and environmental variables were the independent variables 

(Bham, 2012). 

In the area of healthcare systems engineering, Alaeddini (2012) presented a solution 

to the problem of appointment no-show and cancellation. The solution is based on an 

MLR model that is based in turn on “the entire population’s general social and 

demographic information to provide initial estimates of no-show and cancellation 

probabilities” (Alaeddini, 2012). 

Ahmed and Nandi (2018) applied MLR as part of the solution to an important 

mechanical engineering problem, Fault Classification with Vibration Signals One of the 
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main causes of the failure of the machines is the rolling of the bearings. “To prevent such 

breakdowns, bearing-health monitoring is performed by collecting data from rotating 

machines, extracting features from the collected data, and applying a classifier to classify 

faults” (Ahmed and Nandi, 2018). MLR in combination with artificial neural networks 

and support vector machines are part of the proposed solution (Ahmed and Nandi, 2018). 

In the field of manufacturing engineering, Pandya (2014) focused on comparing the 

“effectiveness of artificial intelligence (AI) techniques in fault diagnosis of rolling 

element bearings” (Pandya, 2014) using a combination of statistical methodologies 

including MLR and PCA. Also, in the field of water engineering, Wuttichaikitcharoen 

and Babel (Wuttichaikitcharoen and Babel,  2014) applied MLR and PCA to predict the 

transport of sediment in rivers. 
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Chapter 3 – Research Methodology 

In our study, we update Hackett and Dilts model (2004 and 2007) to be applied in 

Puerto Rico and expand their research by applying statistical procedures to assess the 

relationship (causality) between the incubation processes and EP. Figure 3.1 summarizes 

the study’s methodology by illustrating the sequence of the principal activities and their 

outcomes. 

 

Figure 3.1 Activities and Outcomes 

This chapter begins with the definition of the constructs and a detailed description of 

the dimensions and the corresponding items that will generate the data-set on which this 

study is based. The group of elements related to each construct and the possible outcomes 

to measure enterprise performance are included. The instructions to the respondents 

contained in the questionnaire to produce a measure for each of the observable variables 

associated with items are presented. This is followed by a description of the data 

collection procedures including survey participants, invitation to participate, and 

languages utilized. 

Finally, the principal stages of the data analysis process are described. An explanation 

of the Principal Component Analysis methodology used to summarize the information 
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content of the large number of observed variables and the particular aspects of the 

proposed application is included in the first place. Afterwards, the Multinomial Logistic 

Regression methodology is presented including also specific aspects of this study.  

3.1 Constructs, Dimensions, and Items 

In the context of this research, a construct is an integral part of IEP operations that 

although it cannot be directly measured, can be assessed indirectly through a number of 

observable variables in biunivocal correspondence with the items of the questionnaire. 

These variables are grouped in dimensions that reliably reflect interrelated aspects of the 

processes. 

As previously discussed, each of the constructs is widely acknowledged as being 

important in the incubation process. A preliminary study, explained in more detail in 

section 3.2, was carried out to determine the relevance of the constructs as well as the 

dimensions, the items, and their phrasing. In the following sections the constructs, 

dimensions, and items are thoroughly described. 

3.1.1 Selection Performance 

Selection Performance (SP) is defined as the construct referring to the decision 

process concerning which ventures to accept for entry and which to reject. SP comprises 

13 observable variables (items) that correspond to the different characteristics that can be 

taken into account in this construct. These variables are grouped in four dimensions as 

they relate to each of the following aspects: managerial, market, product/service and 

financial. The variables and dimensions describing the SP construct are shown in Table 

3.1. 
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Table 3.1 Selection Performance (SP) Dimensions and Items 

D11. Managerial characteristics 

1. Prior work experience in the field 

2. Prior management experience 

3. Entrepreneurial experience 

D12. Market characteristics 

4. Strategic orientation to market growth and potential to create new 

business opportunities 

5. Size of the target market 

6. Accessibility of the target market 

D13. Product/Service characteristics 

7. Uniqueness of the product/service 

8. Having a technological edge to the product or service 

9. Having a relative advantage over competitor ‘s product or service 

10. Innovativeness and originality of the product or service 

D14. Financial characteristics 

11. Likelihood of reaching financial break-even in a short period and/or 

profit potential 

12. The potential to attract investment or plausibility of obtaining grants 

13. Having a good cash flow 

D1j: Dimension j from construct 1 (SP); j = 1, 2, 3, 4 

3.1.2 Monitoring and Assistance 

As defined by Hackett and Dilts (Hackett and Dilts, 2007), the MA construct refers to 

the processes by which the IEP observes, advises, and assists incubatees during their 

incubation, including helping them to learn from their own failures in order to avoid 

future losses. MA comprises seven observable variables (items) that correspond to the 

different components that can be part of this process. These variables are grouped in two 
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dimensions as they relate to time or to comprehensiveness and quality. The variables and 

dimensions describing the MA construct are shown in Table 3.2. 

Table 3.2 Monitoring & Assistance (MA) Dimensions and Items 

D21.Time 

14. On average, our enterprise received appropriate time in assistance from 

the incubation program staff. 

15. On average, our enterprise spent appropriate time interacting with other 

participants in the incubation program 

16. Our enterprise reduced the likelihood of making expensive business 

mistakes through the interactions with the incubation program staff and 

other incubates 

D22. Comprehensiveness & Quality 

17. Our enterprise received business planning and administrative assistance 

from the incubation program 

18. Our enterprise received production/operation-related advice from the 

incubation program 

19. The program ensured the quality of its offerings by regularly reviewing 

them and actively seeking improvements 

20. The other participants contributed to improve our business strategies 

D2j: Dimension j of the construct 2 (MA); j = 1, 2 

3.1.3 Resource Allocation 

This construct refers to the availability, quality, and utilization of resources inherent 

to the incubation process. RA comprises 14 observable variables (items) that correspond 

to the different aspects of this process. These variables are grouped in three dimensions 

as they relate to resource availability, comprehensiveness and quality, and utilization. The 

variables and dimensions describing the RA construct are shown in Table 3.3. 
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Table 3.3 Resource Allocation (RA) Dimensions and Items 

D31. Resource Availability 

21. Access to administrative support services 

22. Access to professional services 

23. Access to consultants 

24. Access to funding and grants 

25. Access to local university contacts 

26. Access to intellectual property advice 

27. Access to technology labs 

D32. Comprehensiveness & Quality 

28. Our company was offered viable solutions to meet space needs 

29. Our reputation is enhanced because of our association with the program 

30. The entrepreneurial program environment was nurturing and pleasant 

31. We received useful training and coaching from the program in a way that 

was easy to understand 

D33. Utilization 

32. Our enterprise made full use of the administrative services offered by the 

program 

33. Our enterprise utilized advice obtained from the program  

34. Our enterprise utilized the knowledge obtained from other participants 

35. We maximized our opportunities from the introduction to the incubation 

program network contacts 

D3j: Dimension j of the construct 3 (RA); j = 1, 2, 3 

3.1.4 Information Technology 

To further tailor the modeling of the enterprise performance, an additional construct 

was added in the research design, to include targeted information technology 

infrastructure and services. IT comprises nine observable variables (items) that 

correspond to the different aspects of this process. These variables are grouped in two 

dimensions as they relate to resource availability and/or utilization. The variables and 

dimensions describing the IT construct are shown in Table 3.4. 
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Table 3.4 Information Technology (IT) Dimensions and Items 

D41. Resource Availability 

36. Data and voice communications 

37. General administrative applications 

38. Specialized software 

39. Advice for needs analysis and design 

40. System management and programming specialists 

D42. Utilization 

41. Our enterprise made use of data and voice communication services 

offered by the program 

42. Our enterprise utilized general administrative applications made available 

by the program 

43. Our enterprise made use of specialized software offered by the program 

44. Our enterprise received system management and programming services 

available at the program 

D4j: Dimension j of the construct 4 (IT); j = 1, 2 

3.1.5 Enterprise Performance Evaluation 

In order to avoid the challenges of applying yardsticks used for large organizations to 

small enterprises (Jamil, 2011) and in view of the Puerto Rican business environment; 

instead, we adopt a simplified method to evaluate EP. We define EP as a variable that can 

take on one of four possible values labeled G0, G1, G2, and G3 reflecting the state of the 

company as shown in Table 3.5. 

Table 3.5 Enterprise Performance (EP) Outcomes 

 

G0.

G1.

G2.

G3.

The enterprise has been dissolved.

The enterprise has paid wages or other benefits, including 

those received by you. 

The enterprise reached its break-even point and is 

generating profits.

The enterprise is surviving but cannot pay salaries.
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3.1.6 Measuring the Variables 

Evaluation of the variables is accomplished by means of a sentence (a question or a 

statement) as shown in Appendices 5 and 6 instructing respondents to select a point in a 

seven-point Liker-type scale. The scale is used to gauge to what degree the respondent 

agrees with the sentence. Each item connects to the corresponding dimension.  

Table 3.6 Evaluating with Guiding Sentences 

Sentence Items 

To what extent do you perceive the following managerial characteristics to 

be important in the selection process into the incubation program? 
I1-I3 

To what extent do you perceive the following market characteristics to be 

important in the selection process into the incubation program? 
I4-I6 

To what extent do you perceive the following product/service characteristics 

to be important in the selection process into the incubation program? 
I7-I10 

To what extent do you perceive the following financial characteristics to be 

important in the selection process into the incubation program? 
I11-I13 

To what extent do you agree time to be an important part of monitoring and 

business assistance? 
I14-I16 

To what extent do you agree comprehensiveness & quality to be an 

important part of monitoring and business assistance? 
I17-I20 

The incubation program excels at making the following resources available 

to the participants: 
I21-27 

Please rate the quality of the following characteristics of the incubation 

program: 
I28-I31 

Please rate your enterprise‘s utilization of the following resources provided 

at the incubation program: 
I32-I35 
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Sentence Items 

Our program excels at making information technology resources available 

for the participants: 
I37-I40 

Please rate your enterprise ‘s utilization of the following information 

technology resources provided at the incubation program: 
I41-I44 

Adapted and translated from the following sources: (Hacket and Dilts, 2007; Khalid, 2012) 

3.2 The Survey Questionnaire 

The questionnaire (Appendices 6 and 7) is comprised of six parts: General Questions, 

an additional part for each of the four constructs (SP, MA, RA, IT), and Enterprise 

Performance. 44 items correspond to the four constructs: SP, MA, RA and IT. They are 

shown in Tables 3.1, 3.2, 3.3, and 3.4 grouped under the corresponding dimension and 

preceded by the corresponding sentence to guide the evaluations. 

The item pool and scales proposed by Hackett and Dilts (Hackett and Dilts, 2007) 

were formulated to understand the inner workings of what they call “the black box of 

business incubation”. In this study their instrument is updated to the particularities of the 

Puerto Rican entrepreneurial ecosystem and extended by adding the IT construct. 

A preliminary study was conducted with the participation of program managers and 

other specialists associated with the entrepreneurship ecosystem. The objective of this 

study was to assess items and sentences in terms of relevance, language, and scales. The 

consultants were asked to recommend changes in the preliminary instrument focusing on 

aspects that were not relevant to the context, missing particularities, and changes to 

facilitate the implementation. The questionnaire was presented in person to program 

managers and researchers, and valuable feedback was obtained. Subsequently, the 

questionnaire was revised to incorporate suggestions to improve the quality of the draft. 



45 

 

3.3 Data Collection Procedure  

Under federal government regulations, an Institutional Review Board (IRB) has been 

designated to review and approve research involving human subjects. Following the 

George Washington University Office of Human Research (OHR) staff orientation, an 

IRB application was completed providing details on the nature and purpose of the contact 

with former IEP participants. The OHR reviewed the application and provided an 

exemption from IRB review under DHHS regulatory category 2. The project as described 

was authorized to proceed without further oversight. The waiver can be found in 

Appendix 1.  

The population under study is composed of former participants in IEPs in Puerto 

Rico, who were the only participants in the survey to provide data for the statistical 

analysis. It was necessary to rely on the interest and availability of the population 

members to participate in the sample. Although this sampling method, known as 

convenience (or availability), presents drawbacks in terms of the bias that can be 

introduced into the results of the study, it is cost effective and may be rapidly 

implemented. All responses were confidential, to ensure the integrity of the subjects and 

the quality of the survey.  

Invitation letters were sent to those surveyed by their respective incubation program 

managers, whose cooperation was obtained through government agencies such as the 

Puerto Rico Science Technology and Research Trust and PromoExpo, as well as the 

programs’ host organizations. These letters were followed by personal contacts to explain 

the aims of the investigation. 
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Several letters of support were obtained and distributed in order to encourage the 

respondents. One letter of support was written by the Director of Colmena66 (Appendix 

2), a program of the Puerto Rico Science, Technology & Research Trust, created by state 

law to act as an agent for promoting, investing in, and financing activities that will 

strengthen science and technology research and entrepreneurship efforts in Puerto Rico. 

Another letter of support was written by a member of the Global Entrepreneurship 

Monitor team in Puerto Rico based in the University of Puerto Rico (Appendix 3). Since 

the Ana G. Méndez University’s School of Engineering maintains close relationships and 

supports several IEPs, this letter of support (Appendix 4) was also very helpful.  

The questionnaire, available in two languages (English and Spanish) for the 

convenience of the respondents, was implemented on the web and respondents’ 

anonymity was assured. The data gathered were accumulated and stored in a data file in 

the cloud available to the investigator. 

3.4 Summarizing Observed Variables 

Data analyses was undertaken in two principal stages (1) Principal Component 

Analysis (PCA), and (2) Multinomial Logistic Regression (MLR). 

Principal Component Analysis (PCA) is a multivariate statistical procedure that 

allows researchers to summarize the information content in likely correlated observed 

variables (items) by means of a smaller set of new unobserved linearly uncorrelated 

variables called principal components which can be more easily visualized and analyzed.  

Although there are other methodologies available for a similar purpose, we follow 

Hair et al. (Hair et al., 2018), who suggest that PCA is the most appropriate methodology 

when it comes to exploratory research or when the researcher wants to condense a series 



47 

 

of variables. PCA “uses the correlations among the variables to develop a small set of 

components that empirically summarizes the correlations among the variables” 

(Tabachnick and Fidell, 2001:25). 

In addition to being less complicated, PCA is based on the number of variables and 

the magnitude of the factor loadings and the measured variables are themselves of 

interest, rather than being some hypothetical latent construct (Osborne and Banjanovic, 

2016). Further, Field (Field, 2000) determined that the solutions generated from PCA 

differ little from those obtained with other methods of analysis. 

PCA allows the researcher to find linear combinations of weighted observed variables 

to maximize the variance extracted from the variables in a specific construct. Once a 

component is identified, the variance is extracted from the variables, and another 

component is searched, and so on. 

For i = 1, 2, . . . , n observations PCA transforms j = 1, 2, . . . , p observed variables to 

k = 1, 2, . . . , p new uncorrelated principal components (variables) (Y1, Y2, . . . , Yp) 

Yik = c1k Xi1 + c2k Xi2 + c3k Xi3 + . . . + cqk Xip 

Yik = value for component k for observation i. 

cjk = coefficients that weight how much each item j contributes to the linear combination 

forming component k. 

Xir = values of the observation i for observed variable (item) r. 

The weights by which each observed variable should be multiplied to get the 

component are referred as component loadings.  

After collecting and preparing the data, PCA is performed in the following four 

stages: (1) Assumptions verification, (2) Extraction, (3) Rotation, and (4) Interpretation. 
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3.4.1 Assumptions Verification 

To produce a reliable result, a sample size larger than 100, or 5 times the number of 

variables, is recommended (Lyytinen and Gaskin, 2019). In addition, due to the software 

application with which the data is collected, it is guaranteed that there are no missing data 

or outliers. The following four assumptions need to be verified to produce a valid result: 

sufficient correlations, multicollinearity, Kaiser-Meyer-Olkin (KMO) measure of 

sampling adequacy and Barlett’s test. 

To justify the application of this methodology, the observed variables must have 

relevant correlation coefficients. That is, they cannot all be low or equal, because this 

would imply that there is no underlying structure allowing the variables to be grouped 

together. If this were the case, there are other methodological approaches available. Hair 

et al. (2018) recommend a visual inspection of the correlations matrix to determine 

whether there are a “small” number of elements greater than .30 (Hair et al., 2018). 

PCA is based on Pearson correlation coefficients, and thus two or more of the 

variables need to be moderately or highly correlated. It is suggested that a few possible 

relationships between variables be selected and tested visually using scatterplots. 

KMO Measure of Sampling Adequacy reflects the suitability of the data for this type 

of analysis; it shows the share of variance in the variables due to underlying factors. 

Values close to 1.0 indicate that a PCA may be performed. Statistical value less than .50 

indicates that the outcomes of the PCA will not be very valuable (Lyytinen and Gaskin, 

2019). 

The Bartlett test of sphericity is another way to verify the suitability of the data for a 

PCA. This tool tests the hypothesis that the correlation matrix of the observed variables is 
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an identity matrix, which would indicate that they are unrelated and therefore unsuitable 

for this analysis. Small values (< .05) of the significance level indicate that a component 

analysis may be useful with the available data (Field, 2009).  

3.4.2 Principal Components  

During a PCA there are as many components as there are observed variables, but not 

all of them will be equally relevant. An extracting method is one of a group that seeks to 

“extract” or retain the principal components out of the larger group of components. 

Although there is a degree of subjectivity in its application, the best advice found in the 

literature is to select the components that match the objectives of the analysis that is to be 

performed. 

In this study, five methods or criteria are applied when extracting components: (1) 

Item loadings, (2) Kaiser criteria, (3) Total variance, (4) Scree plot test, and (5) Parallel 

analysis (PA). The first criterion requires the calculation of the correlation matrix 

followed by a visual examination of the correlation values as follows (Bruin, 2006). If 

any of the correlations are too high (> .90), as both variables seem to be measuring the 

same, we eliminate one of the independents, On the other hand, if any of them are low 

(< .10), then one or more of the independents could be in a single component. 

When the variables are standardized, each variable has a variance of 1, consequently, 

the eigenvalues of the correlation matrix represent the variances of the components, and 

the sum equals the number of variables (Hair et al., 2018). Kaiser's criterion suggests 

retaining as many principal components as are those whose variance is larger than the 

average variance, that is with eigenvalue larger than 1. 
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When the components are extracted consecutively, their variability will be smaller 

each time. The extraction of components will stop when there is very little variability left. 

Although this is a value of arbitrary nature, we follow Hair et al. (2018) in requiring that 

the selected components add up to at least 60% of the total variance. 

As part of the extraction process, the scree plot helps to determine the optimal 

number of components (Tabachnik and Fidell, 2001). It consists of the eigenvalues of the 

successive components displayed in a simple line plot. The variance of all the variables 

participating in a given component are measured by the corresponding eigenvalue. 

Therefore, the scree plot is used to visually identify the components to be retained. The 

criterion to be applied consists in retaining the components on the steep slope and 

discarding the components on the shallow slope because they contribute little. 

To make the results easier to interpret and prevent confusion, non-meaningful 

observed variables, with low loadings (< .4) in the components, and those loaded on 

multiple factors are discarded (Beaumont, 2012; Bruin, 2006).  

Parallel Analysis (PA) is a technique for comparing eigenvalues from the data set (n 

samples by p variables) with those from a matrix of random values of the same 

dimensions (n x p). PCA components with eigenvalues greater than the eigenvalues 

corresponding to random data are kept, while those with eigenvalues lower are deleted. 

We follow the recommendation by Scott et al. (Scott et al., 1995) to use PA in PCA to 

reduce confusing interpretations of spurious components. 

3.4.3 Simplifying the Structure 

Rotation is a procedure normally used after extraction to clarify the nature of the 

components. The process consists of rotating the matrix of the component loadings to 
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achieve a simple structure. This is a condition in which an independent variable has a 

high loading only in one component, and very low loadings in the remaining, and at the 

same time the components include only a limited number of variables with high loadings. 

We choose to apply Varimax, which is the rotation method most frequently applied in 

analyses of this type. It is a technique of orthogonal rotation whose objective is to 

maximize the variance of component loadings by making the high loadings close to 1 and 

the low loadings closer to 0 for each of the components (Kaiser, 1985). 

The final determination of the components to be extracted is made by running the 

analysis and extracting components, as was theoretically explained, and seeing the 

number of components producing the most interpretable results. At the completion of the 

PCA, MLR enables the researcher to use the extracted components as predictor variables 

and test their relationships with EP.  

3.5 Logistic Regression  

Multinomial Logistic Regression (MLR) model is a generalized linerar model that 

uses logistic transformation to fit the probabilistic occurrence of an event where the 

probabilities of multiple outcome events are related to the set of explanatory variables in 

the following form (Friedman et al., 2000) 

For j = 1, 2, . . . , k outcome events of the categorical dependent variable 

logit(pj) = ln(
𝑝𝑗

1−𝑝𝑗
) = β0 + β1 Y1 + β2 Y2 + β3 Y3 + . . . + βn Yn , 

pj is the probability of the outcome j of the categorical dependent variable, 

n is the number of predictor variables, 

β0 is the intercept,  
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and β1, β2,. . . , βn are the coefficients associated with the predictor variables. 

The extracted components of the PCA are used as the predictor variables in the MLR 

analyses, while the variable EP remains as the dependent variable. Despite the sample 

size limitations, this model is used to predict the outcomes of the dependent variable, to 

evaluate the importance of the individual predictors, and to assess interaction effects. 

The MLR analysis is performed five times: four individual model analyses 

corresponding to each of the constructs using as predictors the respective extracted 

components, and one complete model analysis using as predictors. all the extracted 

components. The individual models will be used to analyze the relationship between the 

individual constructs and the dependent variable. The complete model will be used to 

explain the relationship between all the components and the dependent variable. 

The research methodology explained previously in this chapter guarantees 

compliance with the following requirements for applying MLR: (1) the dependent 

variable is categorical, and the categories are mutually exclusive and exhaustive; (2) the 

predictor variables are discrete or continuous; (3) observations are independent; (4) there 

is no multicollinearity among predictor variables; and (5) there are no outlier values. 

Since the dependent variable is categorical, it is not possible to suppose that it has a 

linear relationship with the predictors. For this reason, MLR requires the logit 

transformation of the dependent variable. Logit is the natural logarithm of the probability 

of an event divided by the probability of its complementary event (see formula above in 

this section). Unlike other linear regression models, MLR provides values for the logit, 

rather than directly for the dependent.  
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There is discrepancy among researchers over which statistics should be used in 

logistic regression, and many publications using this methodology employ different 

measures to evaluate the fit of a given logistic regression model. The following 

procedures are completed five times in this study during the evaluation of the models: 

general evaluation, model fitting, Pseudo R-Squares (Cox and Snell, and Nagelkerke) 

Wald tests of predictors (components), and comparison between predicted and observed.  

In this case, in which we have only continuous predictive variables, there are two 

alternatives for the type of model: Main-effects and Stepwise. Since we want to include 

all the variables in the final analyses, a Main-effects type is selected instead of the 

Stepwise type, which discards the weakest correlated variables. The selected model type 

contains the covariate main effects but no interaction effects (IBM, 2019). 

To begin each of the MLR analyses, we test the null hypothesis that all parameters of 

the proposed model are 0. This is a contrast between final model and the intercept-only 

model. The “intercept-only” model includes no predictors and the so-called final model 

includes the constant plus all predictor variables. This test is performed by computing the 

difference between the -2(Log Likelihood) values of both models and using Chi-square. 

The null hypothesis is rejected if the significance is lower than .05, that is, that at least 

one of the coefficients in the model is not equal to zero. 

Two statistics, Pearson residual and Deviance residual, considered basic tools for 

logistic regression diagnostics, are usually inspected first for goodness-of-fit. 

Nevertheless, both statistics provide indicators when the expected number of events and 

of non-events for each replicated data (multiple observations with the same values for all 

the predictors) is at least 5. In the same line Allison (2014) stated that this application of 
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“logistic regression use data that do not allow for aggregation into profiles because the 

model includes continuous predictors” (Allison, 2014). “When there is only one case per 

profile, both the deviance and Pearson chi-square have distributions that depart markedly 

from a true chi-square distribution, yielding p-values that may be wildly inaccurate” 

(Allison, 2014) and therefore both goodness-of-fit tests are invalid and won’t be 

considered part of the methodology of this study (Penn, 2018; McCullough, 1985). 

Cox & Snell and Nagelkerke are two statistics, similar to R2 in ordinary least-squares 

linear regression, used to assess the goodness-of-fit of an MLR model against actual 

outcomes. Higher values of these Pseudo R-squared statistics imply a greater model fit. 

In the case of Cox & Snell the values are lower than 1. The Nagelkerke is often preferred 

to the Cox & Snell because it includes the complete range from 0 to 1 (Hair et al., 2018). 

To test the null hypothesis that a certain predictor’s coefficient is zero assuming that 

the others are in the model, we use the Wald Test. It is similar to the -2(Log Likelihood) 

test explained before but it is used to test the null hypothesis that each βi = 0. The 

corresponding statistic is a Chi-square that is equal to the square of the predictor’s 

estimate over the square of its standard error. If the significance value is less than .05 the 

null hypothesis is rejected, that is, the predictor adds something to the model. This test 

will be applied to the complete model to explain the relationship between all the 

components and the dependent variable outcomes. 

Since MLR predicts the logit of an outcome, the resultant predicted probabilities 

using the complete model can then be compared with the obtained results to verify that 

probabilities are related with events. To help communicate results, following Pen et al. 
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(2002) we include a classification table to compare obtained results versus forecasted 

responses for all combinations of predictors and outcomes.   
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Chapter 4 - Analysis and Results 

This chapter summarizes the results of the application of the methodology outlined in 

the foregoing chapter. It begins with a detailed description and results of the preliminary 

study. Details on the implementation of the survey questionnaire and generation of the 

data-set including demographic and general information about the survey participants are 

provided. This is followed by a detailed summary of the implementation of the PCA 

methodology using the IBM™ SPSS™ Statistics software package Version 25, 

hereinafter referred as SPSS, and the determination of the components identified 

following the previously described statistical techniques. Consequently, using the 

components resulting from PCA as predictors, the MLR model is implemented to address 

the second research question and proposed hypotheses. 

4.1 The Preliminary Study  

The initial version of the questionnaire proposed by the researcher was improved 

using the results of the preliminary study (described in Section 3.2) and an examination 

of relevant literature. Some participants in the preliminary study suggested merging 

closely-related items to avoid misinterpretations and vagueness in the responses. For 

example, under the IT construct, “Advice for needs analysis and design” resulted from 

merging four statements in the original version of the questionnaire: “Data and voice 

communications need analysis and design,” “Software capabilities and user interface 

need analysis,” “Security requirements need analysis,” and “Hardware platforms and 

operating systems need analysis.” 

Some recommendations were focused on the wording of the items to make the 

questionnaire more understandable and relevant to the context. In the financial dimension 
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of the SP construct the item “potential to attract investments” was transformed into 

“potential to attract investments and plausibility to obtain subsidies.” Similarly, the item 

“Our enterprise is offered flexible lease agreements to meet our changing space needs” 

was rewritten as “Our enterprise was offered viable solutions to satisfy space needs” in 

the quality dimension of the RA construct. 

The island’s linguistic peculiarities were the basis for some changes recommended to 

the lexicon. “Resource allocation” and “Monitoring and Assistance” were suggested as 

construct names rather than “Resource Munificence” and “Monitoring and Business 

Assistance Intensity” as the constructs were originally named following Hackett and Dilts 

(2007). Taking into account the official names of the programs and the host 

organizations, it was suggested that “Incubation Programs” in the title of the 

questionnaire (and hence in this study) be replaced by “Incubation and Entrepreneurship 

Programs.” 

It was also suggested that the variables “Highest academic qualification,” “Duration 

of the incubation program,” “Age group,” and “Time elapsed since the end of the 

participation in the program,” in the survey's General Information section be replaced in 

order to generate additional research opportunities by allowing for cross-demographic 

and program-type ratios. The participants in the preliminary study also proposed changes 

to the appearance and format of the questionnaire, including the use of larger fonts and 

changes in the page layout. 

As a result of the interactions with managers and specialists, many interesting 

recommendations, some outside the scope of the present work, were received. (Some of 

them are included in Section 5.3: Future Work.) Updates to the survey questionnaire were 
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made to reflect the recommendations by the participants in the preliminary study; it was 

then published on the web and for the data collection. This was followed by the statistical 

procedures to validate the previously defined dimensions as well as to explore 

relationships and elaborate a prediction model for the EP based on the subjacent factors 

(components) of the IEPs’ operations.  

4.2 Data Collection 

The data were generated from the questionnaire responses provided by 103 former 

IEP participants. Their highest academic degree was distributed as follows: 42% 

baccalaureate, 38% masters, 17% doctorate, and 1% high school. The duration of their 

respective incubation or entrepreneurship programs was less than one year for 60% of 

them and longer than one year for 40%. Their respective age groups were as follows: 

15.53% were 18 to 29 years old; 37.86% were 30 to 39; 27.18% were 40 to 49 years; 

12.62% were 50 to 59; and 6.80% were older than 60 years. In terms of leaving their 

respective programs: 50% left less than one year ago and 50% more than one year ago.  

The variable measuring business performance that will later be used as the dependent 

variable of the logistic regression model is of the categorical type with four mutually 

exclusive and exhaustive category groups. As a result of the survey, it was determined 

that 14.6% of the cases belong to the group labeled G0 “The enterprise has been 

dissolved”; 39.8% belong to the group labeled G1 “The enterprise is surviving but cannot 

pay salaries”; 29.1% belong to the group labeled G2 “The enterprise has paid wages or 

other benefits, including those received by you”; and 16.5% belong to the group labeled 

G3 “The enterprise reached its break-even point and is generating profits.” 



59 

 

4.3 Principal Underlying Factors 

Prior to initiating the extraction process, visual inspection of the data set was 

performed and verified. Thirteen out of 116 responses with incomplete data were 

eliminated and no outliers were identified, so the data set was ready to be handled using 

SPSS. Multicollinearity between variables was verified by visually inspecting scatterplots 

showing the relationships between some pairs of variables that were obtained by 

choosing from the SPSS main menu Graphs > Graphboard Template Chooser. Under 

the Basic tab, Natural was marked, and two variables were selected. After that, 

Scatterplot was marked and OK was pressed. 

In order to identify the subjacent factors (components) to validate the structure 

proposed in section 3.1 and arrive at the predictors needed to apply the MLR 

methodology, a complete analysis was performed for each of the constructs in separate 

SPSS runs using the corresponding data subsets. 

The extraction process was performed in separate runs for each of the four constructs. 

To begin each run, from the SPSS main menu we selected Analyze > Dimension 

Reduction > Factor. Under Factor Analysis submenu (Fig. 4.1) Descriptives was 

selected (Fig. 4.2), the following options were marked under the indicated labels: 

Statistics: univariate descriptive, initial solution; Correlation matrix: coefficients, KMO 

& Bartlett test. The correlation coefficient matrices were visually inspected, and it was 

found that all the coefficients were greater than .30, thus justifying the application of 

PCA methodology.  
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Figure 4.1 Factor Analysis Menu 

 

Figure 4.2 Descriptives Submenu 

Table 4.1 shows in four separate rows the results of KMO and Bartlett tests to verify 

the suitability of the data for structure detection for each of the constructs. The values of 

the KMO statistics are .750, .703, .785, and .710, indicating that a component analysis 

may be performed for each of the constructs. The significance level (Sig) of the Bartlett's 

test in all cases is Sig < .05, indicating that a component analysis may be useful. 
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Table 4.1 KMO and Bartlett's Tests for the Data Subsets  

Construct KMO Barlett's Test 

Selection 

Performance 
0.75 

Approx. Chi-Square 956.18 

df 78 

Sig.  3.2*10-151 

Monitoring and 

Assistance 
0.703 

Approx. Chi-Square 459.00 

df 21 

Sig. 5.3*10-84 

Resource 

Allocation 
0.785 

Approx. Chi-Square 1294.89 

df 105 

Sig. 3.8*10-204 

Information 

Technology 
0.71 

Approx. Chi-Square 955.05 

df 36 

Sig. 4.2*10-177 

df: degrees of freedom Sig: Significance level 

Once it had been verified that all the requisites for applying PCA were fulfilled, we 

proceeded with the extraction process. As explained in section 3.4.2, we applied five 

criteria to extract the components: (1) Item loadings, (2) Kaiser criteria, (3) Total 

variance, (4) Scree plot test, and (5) Parallel analysis.  

To continue with the extraction procedures with SPSS, in the Factor Analysis menu, 

the corresponding observable variables from the list shown were chosen and moved to 

the Variables box as follows: variables I01 to I13 for the SP run, variables I14 to I20 for 

the MA run, I21 to I35 for the RA run, and I36 to I44 for the IT run. 

After moving the observed variables to the Variables box, in each run we selected 

(Figs 4.1 and 4.3) Extraction > Method: Principal component and under the indicated 

labels the following options: Display: unrotated factor solution, scree plot; Analyze: 

correlation matrix; Extract: based on eigenvalue greater than 1; Maximum Interactions 

for convergence: 25, and then we pressed Continue > OK to run the procedure. 
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Figure 4.3 Extraction Submenu 

Each construct’s run produced the table “Total Variance Explained” (see Appendix 8) 

which includes the corresponding eigenvalues and the distribution of the variance. To 

decide how many components to extract, the Kaiser and total variance criteria were 

applied. We kept the components with eigenvalue greater than 1 comprising at least 60% 

of the variance, discarding the others that resulted as follows: 3 components for SP, 2 

components for MA, 3 components for RA, and 2 components for IT.  

Along the “Total Variance Explained” table, each run produced a corresponding scree 

plot. Appendix 9 shows the scree plots corresponding to the four constructs. In all cases 

the components kept were those over the steep slope while those over the shallow part of 

the graphic were discarded, confirming thus the previous findings of the Kaiser criteria. 

The next step was the Varimax rotation, which was performed in separate runs, one 

for each construct. Each time, from the Factor Analysis menu, keeping the corresponding 
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variables in the Variables box, we selected Rotation submenu (Fig. 4.4) and under the 

indicated labels the following options: Method: Varimax; Display: Rotating solution; and 

Maximum iterations for convergence: 25, and then pressed Continue. Back in the 

Factor Analysis menu (Fig 4.1) the Options submenu (Fig 4.5) was selected and under 

the option we entered as follows: Suppress small coefficients. Absolute value below: 0.4. 

Finally, we clicked Continue > OK to run the procedure. 

 

Figure 4.4 Rotation Submenu 

 

Figure 4.5 Options Submenu 
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Table 4.2 summarizes for each construct (first column) the extracted components, 

obtained in separate SPSS runs, the corresponding observed variables (items per 

component column) with their respective loadings (below each of the item), and percent 

of variance and cumulative percent of variance. Note that to make the results easier to 

interpret non-meaningful observed variables loading below .4 were removed, resulting 

also in the elimination of cross-loads.  

Table 4.2 Extracted Components, Observed Variables Loadings and Variances 

Construct Component Items per component 
% of 

Variance 

Cumulative 

% 

Selection 

Performance 

C11 
I5 I6 I7 I8 I9 I10 

  41.3% 41.3% 
0.761 0.736 0.785 0.765 0.897 0.799 

C12 
I1 I2 I3 I4 

      17.6% 58.9% 
0.909 0.915 0.562 0.706 

C13 
I11 I12 I13 

        12.7% 71.5% 
0.931 0.784 0.833 

Monitoring 

and 

Assistance 

C21 
I14 I15 I16 I17 

      55.9% 55.9% 
0.896 0.667 0.685 0.829 

C22 
I18 I19 I20 

        16.3% 72.2% 
0.932 0.852 0.793 

Resource 

Allocation 

C31 
I25 I26 I27 I28 I29 I30 I31 

42.2% 42.2% 
0.857 0.839 0.751 0.858 0.913 0.87 0.524 

C32 
I32 I33 I34 I35 

      19.6% 61.8% 
0.924 0.803 0.911 0.851 

C33 
I21 I22 I23 I24 

      11.2% 73.0% 
0.864 0.838 0.626 0.804 

Information 

Technology 

C41 
I40 I41 I42 I43 I44 

    59.2% 59.2% 
0.885 0.545 0.896 0.915 0.93 

C42 
I36 I37 I38 I39 

      16.8% 76.0% 
0.915 0.91 0.644 0.712 

Using the software application Montecarlo PCA for Parallel Analysis, eigenvalues 

were obtained from randomly produced data (see Appendix 10). Table 4.3 shows for each 
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construct (first column) and component (second column) a comparison between 

eigenvalues from randomly produced data (Random column) with those from already 

extracted components (Actual column). The nonexistence of spurious components is 

confirmed and, in consequence, all the extracted components will be retained.  

Table 4.3 Extracted Components VS Randomly Produced Data 

Construct Component 
Eigenvalues 

Actual Random 

Selection 

Performance 

C11 5.366 1.6465 

C12 2.288 1.4477 

C13 1.646 1.3264 

Monitoring 

Assistance 

C21 3.912 1.4191 

C22 1.143 1.0468 

Resource 

Allocation 

C31 6.325 1.7073 

C32 2.947 1.5407 

C33 1.673 1.4042 

Information 

Technology 

C41 5.324 1.4865 

C42 1.512 1.3046 

Cij : Component j from construct i; i = 1, 2, 3, 4 

As a result of the application of the PCA methodology, as described above, the 

underlying factors of IEPs’ operations were identified, addressing Research Question 1: 

“What are the principal underlying factors in IEPs' operations in regard to Selection 

Performance, Monitoring and Assistance, Resource Allocation, and Information 

Technology?” Table 4.4 includes proposed component labels and their descriptions. 

These results coincide partially with the classification of the observed variables 

(dimensions) proposed in section 3.1.1.  
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Table 4.4 Factors of IEPs Operations 

Component label Component explanation 

C11 Product and market 
Characteristics of the product/service and 

connection to the target market 

C12 
Proponent experience and 

strategic orientation 

Proponent relevant experience and project 

orientation to market growth  

C13 Financial aspects 
Likelihood of economic success and attractiveness 

to funding sources 

C21 
Business and planning 

assistance intensity 

Business and planning assistance received from 

interactions with staff and other participants 

C22 
Operation related 

services 

Operational related services received from 

interactions and their continuous improvement 

C31 
Networking and support 

effectiveness 

Effective access to networking and support by 

provision of space, labs, and specialists 

C32 Resources utilization 
Utilization of available resources including space, 

network and support from staff and participants  

C33 
Professional support and 

funding 

Availability of administrative support, professional 

services, consultancy and funding opportunities 

C41 
IT resources utilization 

and programing  

Information resources utilization and availability of 

programing services  

C42 IT resources availability 
Availability of IT resources including networks, 

computing applications, and design services 

Comparing the components extracted by PCA with the dimensions of the theoretical 

model presented in section 3.1, we found some differences in the grouping of the 

variables. Table 4.5 illustrates these differences for each construct. On the lines labeled D 

the shadowed ovals indicate how the items were grouped under the proposed dimensions 

and on the lines labeled C the shadowed ovals indicate how the items were grouped under 

each construct as a result of the PCA. The main change in the SP construct is that the 

dimensions “Market Characteristics” and “Product/Service Characteristics” were grouped 

in the component labeled “Product and market”. The only change in MA is that I17 

moved from the Comprehension and Quality dimension to form the component labeled 
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“Planning assistance intensity". The only change in the RA construct is that I25, I26, and 

I27 joined the Quality dimension to form the component label “Networking and support 

effectiveness”. The only change in IT is that I40 moved from the Resource Availability 

dimension to form the component label “IT resources utilization and programing”. 

Table 4.5 Items Grouping in Dimensions and Components  

 

The extracted principal components were used as predictors of the MLR model. The 

corresponding data set was obtained by using SPSS. Beginning in the main menu, Factor 

Analysis > Scores>Save as variables were selected and then, Method, Regression 

Display factor Score coefficient matrix was checked. Finally, to obtain the desired 

predictors data set: Continue and OK. 

D I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13

C I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13

D I14 I15 I16 I17 I18 I19 I20

C I14 I15 I16 I17 I18 I19 I20

D I21 I22 I23 I24 I25 I26 I27 I28 I29 I30 I31 I32 I33 I34 I35

C I21 I22 I23 I24 I25 I26 I27 I28 I29 I30 I31 I32 I33 I34 I35

D I36 I37 I38 I39 I40 I41 I42 I43 I44

C I36 I37 I38 I39 I40 I41 I42 I43 I44
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Figure 4.6 Scores Submenu 

4.4 Effect on Enterprise Performance 

MLR is used to address the second research question: “To what extent do Selection 

Performance, Monitoring and Assistance, Resource Allocation, and Information 

Technology impact the Enterprise Performance of former IEP participants in Puerto 

Rico?” To answer this question two processes were used: a group of statistical 

hypotheses relating each of the constructs to EP were tested, and second, the existence of 

a relationship between the different components under the individual constructs and the 

EP were explored. 

Enterprise performance (EP), with four mutually exclusive and exhaustive categorical 

outcomes labeled G0, G1, G2, and G3 (see Table 3.5), is the dependent variable of the 

MLR. Five MLR models were developed using SPSS to explore the relationships 

between constructs and the dependent variable outcomes, four models using as predictors 

the components corresponding to each of the constructs and the fifth, the “complete 

model,” uses all the components as predictors. 

Once all the required assumptions detailed in section 3.5 were verified, we proceeded 

with the first part of the analysis in the following steps: (1) Evaluation of the models and 
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(2) statistical tests of individual predictors. This was carried out using the SPSS 

procedures as described below. 

Table 4.6 present the hypotheses to be tested as part of the reaction to the second 

research question. 

Table 4.6 Proposed Null and Alternate Hypotheses 

Hypotheses Null Alternative  

H1 

Managerial, market, product and 

financial characteristics comprising 

the SP construct are not statistically 

significant in predicting enterprise 

performance. 

Managerial, market, product and 

financial characteristics comprising 

the SP construct are statistically 

significant in predicting enterprise 

performance. 

 

H2 

Time and quality aspects of the MA 

construct are not statistically 

significant in predicting enterprise 

performance. 

Time and quality aspects of the MA 

construct are statistically significant 

in predicting enterprise performance. 

 

H3 

Availability, quality and utilization 

aspects of the RA construct are not 

statistically significant in predicting 

enterprise performance. 

Availability, quality and utilization 

aspects of the RA construct are 

statistically significant in predicting 

enterprise performance. 

 

H4 

Availability and usage aspects of the 

IT construct are not statistically 

significant in predicting enterprise 

performance. 

Availability and usage aspects of the 

IT construct are statistically 

significant in predicting enterprise 

performance. 

 

   SP = Selection Performance  

   RA= Resource Allocation  

MA = Monitoring and Assistance 

IT= Information Technology 

To begin the process, from the SPSS main menu we selected Regression > 

Multinomial Logistic Regression. In the Dependent Variable box EP was moved. The 

indicated variables were moved to the Covariate(s) box as follows: first run: C11, C12, 

and C13; second run: C21 and C22; third run: C31, C32, and C33; fourth run: C41, C42, 

and C43; and fifth run: C11, C12, C13, C21, C22, C31, C32, C33, C41, C42, and C43. 

No variable was placed in the Factor(s) box because of the variables’ continuous nature.  
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Figure 4.7 Multinomial Logistic Regression Menu 

In the Reference Category submenu, the following options under the indicated boxes 

were chosen: Reference Category: First Category and Category order: Ascending. 

Continue. 

 

Figure 4.8 Reference Category Submenu 

In the Model submenu, under Specify model: Main-effects was chosen and Include 

Intercept in model was marked. Continue was selected. 
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Figure 4.9 Model Submenu 

In the Statistics submenu Case processing summary was marked. Inside the Model 

box the following options were marked: Pseudo R-square, Step summary, Model fitting 

information, Cell probabilities and Classification table were chosen. Inside the 

Parameters box the following options were marked: Estimates and Likelihood ratio 

tests, and next to Confidence interval (%): 95 was entered. Continue was selected. 
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Figure 4.10 Statistics Submenu 

Under the Criteria, Options, and Save submenus no changes were made, and the 

default parameters were left. OK was selected. 

In the following four subsections, we summarize the results of the SPSS procedures 

and analyze the results as described in the Research Methodology chapter. 

4.4.1 Hypothesis on Selection Performance  

The SPSS Model Fitting Information Table 4.7 is used to decide on the first 

hypothesis test presented in Table 4.6. The level of significance value under Likelihood 



73 

 

Ratio Test heading Sig. = .037 lower than .05 indicates that the Final Model is a better fit 

than its corresponding Intercept Only meaning that at least one of the coefficients of the 

model is not equal to zero. Therefore, the hypotheses H10 stating that the logistic model 

doesn´t mean a good fit is rejected. In other words, the alternative hypotheses H1a that the 

Selection Performance construct is significant in predicting the dependent variable is 

maintained. 

Table 4.7 SP Construct’s Significance 

 

4.4.2 Hypothesis on Monitoring and Assistance 

The SPSS Model Fitting Information Table 4.8 is used to decide on the H2 

hypothesis test presented in Table 4.6. The level of significance value under the 

Likelihood Ratio Test heading Sig. = .002 lower than .05 indicates that the Final Model is 

a better fit than its corresponding Intercept Only meaning that at least one of the 

coefficients of the model is not equal to zero. Therefore, the hypothesis H20 stating that 

the logistic model doesn´t mean a good fit is rejected. In other words, the alternative 

hypothesis H2a that the Monitoring and Assistance construct is significant in predicting 

the dependent variable is maintained. 

Model 

Fitting 

Criteria

-2 Log 

Likelihood

Chi-

Square
df Sig.

Intercept Only 254.500

Final 236.620 17.880 9 0.037

Sig: Significance level

df: degrees of freedom  

Model Fitting Information for the SP Construct

Model

Likelihood Ratio Tests
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Table 4.8 MA Construct’s Significance 

 

4.4.3 Hypothesis on Resource Allocation 

The SPSS Model Fitting Information Table 4.9 is used to decide on the H3 

hypothesis test presented in Table 4.6. The level of significance value under the 

Likelihood Ratio Test heading Sig. = .001 lower than .05 indicates that the Final Model is 

a better fit than its corresponding Intercept Only meaning that at least one of the 

coefficients of the model is not equal to zero. Therefore, the hypothesis H30 stating that 

the logistic model doesn´t mean a good fit is rejected. In other words, the alternative 

hypothesis H3a that the Resource Allocation construct is significant in predicting the 

dependent variable is maintained. 

Table 4.9 RA Construct’s Significance 

 

Model 

Fitting 

Criteria

-2 Log 

Likelihood

Chi-

Square
df Sig.

Intercept Only 246.758

Final 226.334 20.424 6 0.002

df: degrees of freedom  

Sig: Significance level

Model Fitting Information for the MA Construct

Model

Likelihood Ratio Tests

Model 

Fitting 

Criteria

-2 Log 

Likelihood

Chi-

Square
df Sig.

Intercept Only 267.212

Final 238.945 28.268 9 0.001

df: degrees of freedom  

Sig: Significance level

Model Fitting Information for the RA Construct

Model

Likelihood Ratio Tests
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4.4.4 Hypothesis on Information Technology 

The SPSS Model Fitting Information Table 4.10 is used to decide on the hypothesis 

test H4 presented in Table 4.6. The level of significance value under Likelihood Ratio 

Test heading Sig. = .001 lower than .05 indicates that the Final Model is a better fit than 

its corresponding Intercept Only meaning that at least one of the coefficients of the model 

is not equal to zero. Therefore, the hypothesis H40 stating that the logistic model doesn´t 

mean a good fit is rejected. In other words, the alternative hypothesis H4a that the 

Information Technology construct is significant in predicting the dependent variable is 

maintained. 

Table 4.10 IT Construct’s Significance 

 

4.4.5 Summary of Decisions 

Table 4.11 Below summarizes the results of previous statistical analyses. The 

rejection of the proposed null hypothesis show that the four models presented are a better 

fit than the models of only intersection and therefore the existence of causal relationships 

between each construction and the dependent variable. This data does not necessarily 

imply that there is no better prediction model as the complete model we analyze in the 

next section. 

Model 

Fitting 

Criteria

-2 Log 

Likelihood

Chi-

Square
df Sig.

Intercept Only 250.917

Final 228.567 22.350 6 0.001

Sig: Significance level

df: degrees of freedom  

Model Fitting Information for the IT Construct

Model

Likelihood Ratio Tests
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Table 4.11 Summary of Statistical Decisions 

 

4.5 The Complete Model as Predictor 

Following the procedure described in section 4.4 an additional SPSS run was 

executed to obtain information needed to evaluate, compare and validate the complete 

model using as predictors all the components extracted for the four constructs. Cox and 

Snell and Nagelkerke pseudo R2-square statistics will be used in this section to compare 

the complete model with the previous four models and determine which one is the better 

predictor.  

4.5.1 Complete Model Evaluation 

Table 4.11 shows that the level of significance value Sig. = 3.61*10-8 is also lower 

than .05 indicating that the Final Model is a better fit to improve upon the Intercept 

Only model that does not control for any predictor variables. The complete model will be 

used later to continue exploring the influence of individual predictors in relation to the 

second research question. 

Hypothesis Decision Rule

H10 Rejected Significance level ≤ 0.05

H20 Rejected Significance level ≤ 0.05

H30 Rejected Significance level ≤ 0.05

H40 Rejected Significance level ≤ 0.05
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Table 4.12 Complete Model Significance 

 

Cox and Snell and Nagelkerke statistics are presented in Table 4.13. Both values for 

the five models are lower than 1. By comparing these numbers, we conclude that the 

complete model, with a statistic significance higher than the others, is a much better 

predictor of the response variable. To continue with the second part of the analysis, we 

will concentrate on the complete model.  

Table 4.13 Pseudo R-Square 

 

The dependent variable EP was measured by four categorical outcomes: The 

enterprise has been dissolved (G0), The enterprise is surviving but cannot pay salaries 

(G1), The enterprise has paid wages or other benefits, including those received by you 

Model 

Fitting 

Criteria

-2 Log 

Likelihood

Chi-

Square
df Sig.

Intercept Only 268.599

Final 176.887 91.711 30 3.61*10
-8

Model Fitting Information for Complete Model

Model

Likelihood Ratio Tests

df: degrees of freedom  

Sig: Significance level 

Cox and Snell 0.159

Nagelkerke 0.172

Cox and Snell 0.180

Nagelkerke 0.194

Cox and Snell 0.240

Nagelkerke 0.259

Cox and Snell 0.195

Nagelkerke 0.211

Cox and Snell 0.590

Nagelkerke 0.636

SP

MA

RA

IT

Complete 

Model

Pseudo R-Square
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(G2), and the enterprise has reached its break-even point and generates profits (G3). The 

reference category used was G0. Logistic regression enables predictor variables to 

forecast group memberships.  

The Wald chi-square statistic is used to test the statistical significance of the 

individual regression coefficients. Table 4.14 shows the significance of the relationship 

between the components and EP categories. A detailed analysis of the table allows us to 

extract conclusions about the causality between the predictors and EP for those with Sig. 

≤ .05. In summary, and considering the caveat expressed in Section 1.4, we observed that 

predictors C11, C12, C21, C33, and C42 are significant predictors for some outcome 

categories, which may lead to such conclusions as the following: 

• The selection process focused on the product and its market (C11) has a 

significant influence on the company’s reaching its equilibrium point and 

generating profit (G3). 

• The selection process focused on the candidate’s experiences and the quality 

of his/her proposal (C12) has a significant effect on filtering candidates with 

no potential to succeed (G2 and G1). 

• The support given to companies in management and business planning (C21) 

contributes to the sustainability of the company (G2). 

• The level of use of resources, including those related to information 

technology, offered by the program (C33 and C42) is a significant indicator 

that the company will reach its equilibrium point and generate profit (G3). 
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• Since at least one predictor contributing significantly to some outcome has 

been identified for each outcome group, it can be concluded that neglecting 

any of them would have a negative effect on the performance of companies. 

Table 4.14 Complete Model Predictors Significance 

 

4.5.2 Validation of Predicted Probabilities 

The extent to which observed outcomes and forecasted probabilities agree is 

presented as a classification table. Table 4.15 shows observed versus predicted values for 

the four combinations of predictors, thus showing how much the model correctly predicts 

each result category: for G0, 33.3%; for G1, 68.3%; for G2, 56.7%; and for G3, 76.5%. 

In total the full model correctly forecasts 61.2% of the cases. 

Table 4.15 Case Processing Summary 

Classification 

Observed 
Total 

Cases  

Predicted 

G0 G1 G2 G3 Percent Correct 

G0 15 5 9 1 0 33.3% 

G1 41 3 28 6 4 68.3% 

G2 30 1 9 17 3 56.7% 

G3 17 0 2 2 13 76.5% 

Overall Percentage 103 8.7% 46.6% 25.2% 19.4% 61.2% 

 

  

C11 C12 C13 C21 C22 C31 C32 C33 C41 C42

G1 0.348 0.026 0.2 0.602 0.809 0.591 0.42 0.251 0.866 0.33

G2 0.086 0.007 0.815 0.038 0.248 0.143 0.861 0.255 0.658 0.277

G3 0.013 0.073 0.508 0.1 0.292 0.452 0.774 0.003 0.076 0.001

Cij: component j from construct i; i = 1, 2, 3, 4

Gk: outcome group 
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Chapter 5 – Conclusions and Future Research 

This Chapter summarizes the results of the research along with conclusions that can 

be reached. A short discussion of the contribution to the body of knowledge follows. The 

implications for systems engineering professionals and business leaders are provided as 

well. Finally, this chapter offers recommendations for future research and mentions some 

research limitations.  

5.1 Summary of Results 

Based on the literature presented and summarized in Chapter 2 and the researcher’s 

own experience in managing entrepreneurial programs, a set of variables classified by 

dimensions for each of four constructs was proposed to a group of specialists and IEP 

managers to be validated. Maintaining the same constructs, a revised version of the 

original proposal was produced by incorporating the recommendations on the variables, 

the dimensions, and the sentences to guide the measurement of the variables using a 

seven-point Liker-type scale (Appendix 6, Appendix 7). Considering the quality and 

number of expert opinions reflected in the instrument as well as the feedback received 

later from the same specialists and respondents, the survey instrument could be 

considered as the first result of this research. 

The data provided by the informants by evaluating the variables (Tables 3.1, 3.2, 3.3, 

3.4, and 3.5) in reaction to the proposed questions or statements (Table 3.6) was used to 

extract the principal components for each of the constructs. The components obtained 

(Table 4.4) that represent subjacent factors and summarize the IEPs’ operations in Puerto 

Rico in a concise manner can be considered another valuable result of this research.  
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A comparison of the dimensions initially proposed to characterize IEPs’ operations in 

Puerto Rico against the components obtained using PCA showed that the two categories 

were compatible, but with some differences between them (Table 4.5). As part of the 

answer to the first research question (Section 1.2), the components were labeled and 

explained (Table 4.4) (an updated version of the different aspects of said operations). 

The significance of each of the four constructs in predicting enterprise performance as 

hypothesized in Section 1.2 (Table 4.6) was demonstrated using logistic regression. In 

particular, it was found that IT, a construct not contemplated in the literature, is a relevant 

factor to forecast enterprise performance.  

The second part, addressing the second research question, was of exploratory nature 

with a more detailed approach to the IEPs’ operations and their effect on enterprise 

performance. Using as predictors of the logistic regression model all the principal 

components resulting from the PCA, those with significant effect in forecasting enterprise 

performance were identified, particularly for each of its outcome groups. 

Finally, the observed results of the dependent variable were compared with the 

probabilities predicted in a classification table. Although the sample size is not enough 

for some of the outcome categories, as was explained in Section 1.4, the results obtained 

are reasonably close, which illustrates the value of this methodology for predicting said 

probabilities. 

5.2 Impact of this Research on the Knowledge Area 

This is the first time that a rigorous investigation to explore the structure and 

characteristics of IEPs’ operations and their impact on EP has been conducted in the 
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context of Puerto Rico. The research produced an integral vision of the subjacent factors 

of IEPs’ operations and their impact as predictors of EP for Puerto Rico.  

Numerous studies on the incubation of enterprises carried out in various geographical 

contexts have given little or no attention to programs which, while offering services 

traditionally attributed to business incubators, do not identify as “incubators” generically 

called “entrepreneurship programs.” This study’s approach is of greater interest because 

it offers a broader theoretical framework applicable to a larger number of organizations. 

It is also the first time that a construct in addition to those proposed by Hackett and 

Dilts (2007)—that is, information technologies—has been included as part of an 

enterprise-performance prediction model. This innovative aspect of the research is of 

special interest in Puerto Rico due to recently increased interest in the development of 

startups and technology-based ventures, particularly those with primary business activity 

in the categories of software development, fintech, and e-commerce. 

The focus of this work is different from that of most studies aimed at evaluating the 

operations and outcomes of business incubators, which generally emphasize the 

economic aspects of the supported companies. In this study we considered the stages of 

the companies’ development, thus giving more attention to the value of the program 

processes than to economic indices such as sales, budget, number of employees, etc. 

As a consequence of the results presented in Chapter 4, a series of recommendations 

to be considered by the management of the IEPs can be produced. To illustrate the impact 

of this research in the area of knowledge, several examples of possible suggestions 

follow. 
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A key finding of this research, and one consistent with the literature, is the significant 

influence that the “Product and market” component has on enhancing the outcome 

category “The enterprise reached its break-even point and is generating profits.” One 

valuable strategy that should be considered by IEPs is providing workshops and other 

training activities on topics such as Product/market fit, Idea validation, and Minimum 

viable product development as prerequisites to the submission of the admission 

application. 

The significant influence of “Proponent experience and strategic orientation” on “The 

enterprise has paid wages or other benefits, including those received by you” could be 

leveraged by improving IEPs’ marketing and recruiting strategies aimed at experienced 

entrepreneurs. In general, regarding the PS construct, a thorough and structured 

admission evaluation, based on predefined metrics, in order to assess the proponent’s 

experience and project characteristics should be considered. 

The significant effect that the “Business and planning assistance intensity” 

component has on enhancing the outcome category “The enterprise has paid wages or 

other benefits, including those received by you,” is a key result of this exploratory 

analysis and is in line with the literature. The implementation of strategies to augment 

interactions among incubatees and between them and staff members would be a positive 

step toward outcome improvement. Diverse strategies including brownbag meetings, 

round tables, guest speakers, etc. have proven their effect. In general, with respect to the 

MA construct, the implementation of a computerized system to keep track of the 

milestones leading up to the admission application and during the incubation process, 

including periodic revisions, should be considered.  
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Since “Professional support and funding” has a significant effect on “The company 

reached its break-even point and is generating profits,” the IEP-incubatee relationship 

could be enhanced by strengthening the IEPs’ alliances network, particularly with 

members of the industry and NGOs willing to contribute to promoting entrepreneurship 

in Puerto Rico. In general, identifying funds to facilitate incubatees’ full time dedication 

to their projects would be a most welcome action on the part of the IEP. 

The significant effect that the “IT resources availability” component has on 

enhancing the outcome category “The company reached its break-even point and is 

generating profits” could be strengthened by establishing strategic partnerships with IT 

manufacturers and distributors interested in forging relationships with prospective clients. 

Some of these companies in Puerto Rico already have programs along these lines. In 

general, regarding the IT component, it is important that IEPs disseminate and amply 

discuss with their clients the rules and conditions related to the use of available 

technologies. 

5.3 Future Work 

The valuable results of this study are the consequence of the rigorous standards 

adopted in conducting the research and analysis, as well as the strong support received 

from the participants in the study, the management of the IEPs, and the organizations that 

fund and host the programs. The study’s availability, in addition to the considerable 

amount of data produced in the different stages of the project, present several additional 

research possibilities. 

Further research related to various aspects of incubators and entrepreneurship 

programs is needed to keep pace with the development of other industries and incorporate 
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new activities not considered in this research. Long-term studies will produce new 

knowledge to adapt and improve existing methodologies and thus increase the value that 

incubators and other entrepreneurship support programs deliver to the people they serve. 

The possibility of extending this research to other geographic regions in order to 

discover key similarities or differences could contribute to the implementation of good 

practices. Along these lines, coordination of future research efforts with the GEM 

research team will allow researchers to make comparisons with a reputable source of 

worldwide statistics. 

The information obtained during the preliminary study suggests future research 

opportunities. During the interchanges with specialists, we realized that the survey 

instrument could be extended by adding other dimensions to the constructs SP and RA, as 

for example team motivation and involvement and production infrastructure availability.  

During the exchange with several IEP managers, it was recommended that the 

relevance of the factors “Financial aspects” and “Network and support effectiveness” be 

analyzed and that different IEP types and specializations be focused on individually. The 

data used in this research have not allowed us to draw conclusions as to the performance 

of companies in specific sectors. Possibly a greater sample size would shed more light on 

this particular. 

A larger sample size will allow researchers to employ the same methodology but 

considering variables such as program duration, demographic information, and type of 

program. The conclusions of this work will facilitate the elaboration of a benchmark 

model and subsequently make it possible to understand IEPs’ operations and their 

stakeholders needs.  
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Every program has its own processes and techniques that best suit its culture and 

environment. Accordingly, programs may develop their own tools tailored to specific 

needs. Nevertheless, the results of this research provide IEP managers and decision-

makers a framework for better program planning and evaluation and bases for identifying 

good practices so that proper actions are planned, implemented, and monitored. Finally, it 

is recommended that future researchers take this research further by considering the 

impact of any modification implemented in the programs. 

The potential of the IEP as an instrument for the development of new ventures will be 

better understood by mean of a study comparing companies that have participated in IEPs 

with those that have not had that kind of support. A study of this nature would better 

clarify the suitability of incubation as a tool for economic development policy.  A 

longitudinal survey of different aspects of incubated versus non-incubated companies 

would clearly confirm (or disprove) the advantages of these programs as an important 

mechanism for entrepreneurial advancement. 
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Appendix 1-IRB Exemption  

The George Washington University Office of Human Resources IRB Exemption 
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Appendix 2- Support Letter from Colmena66 

Support letter from the Director of Colmena66 
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Appendix 3- Support Letter from GEM 

Support letter from Global Entrepreneurship Monitor team member 
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Appendix 4- Support Letter from UT  

Support letter from the Dean of the School of Engineering of the UAGM 
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Appendix 5 – Spanish Version of Questionnaire 

Questionnaire – Spanish version 
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Appendix 6 - English Version of Questionnaire 

Questionnaire – English version 
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Appendix 7 – PCA Total Variance Explained for Each Construct  

Tables: Total Variance Explained 

 

 

 

Total Variance Explained - Selection Performance 

Component 

Initial Eigenvalues 
Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 
% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 

1 5.366 41.281 41.281 5.366 41.281 41.281 4.083 31.409 31.409 

2 2.288 17.597 58.878 2.288 17.597 58.878 2.794 21.494 52.902 

3 1.646 12.664 71.541 1.646 12.664 71.541 2.423 18.639 71.541 

4 0.971 7.469 79.010             

5 0.817 6.288 85.298             

6 0.464 3.566 88.864             

7 0.365 2.811 91.675             

8 0.289 2.223 93.898             

9 0.257 1.976 95.874             

10 0.206 1.587 97.461             

11 0.146 1.120 98.581             

12 0.096 0.735 99.316             

13 0.089 0.684 100.000             

 Extraction Method: Principal Component Analysis 
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Total Variance Explained - Monitoring and Assistance 

Component 

Initial Eigenvalues 
Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 
% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 

1 3.912 55.883 55.883 3.912 55.883 55.883 2.602 37.171 37.171 

2 1.143 16.333 72.216 1.143 16.333 72.216 2.453 35.045 72.216 

3 0.798 11.407 83.623             

4 0.567 8.107 91.730             

5 0.339 4.844 96.574             

6 0.139 1.992 98.566             

7 0.100 1.434 100.000             

 Extraction Method: Principal Component Analysis 
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Total Variance Explained - Resource Allocation 

Component 

Initial Eigenvalues 
Extraction Sums of 

Squared Loadings 

Rotation Sums of Squared 

Loadings 

Total 
% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 

1 6.325 42.164 42.164 6.325 42.164 42.164 4.780 31.865 31.865 

2 2.947 19.649 61.813 2.947 19.649 61.813 3.296 21.971 53.836 

3 1.673 11.151 72.964 1.673 11.151 72.964 2.869 19.128 72.964 

4 0.813 5.422 78.386             

5 0.727 4.847 83.233             

6 0.604 4.028 87.261             

7 0.465 3.102 90.363             

8 0.343 2.289 92.652             

9 0.316 2.105 94.757             

10 0.218 1.455 96.211             

11 0.177 1.177 97.389             

12 0.135 0.898 98.287             

13 0.114 0.759 99.046             

14 0.101 0.671 99.717             

15 0.042 0.283 100.000             

 Extraction Method: Principal Component Analysis 
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Total Variance Explained - Information technology 

Component 

Initial Eigenvalues 
Extraction Sums of 

Squared Loadings 

Rotation Sums of Squared 

Loadings 

Total 
% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 

1 5.324 59.153 59.153 5.324 59.153 59.153 3.922 43.580 43.580 

2 1.512 16.804 75.958 1.512 16.804 75.958 2.914 32.377 75.958 

3 0.952 10.573 86.531             

4 0.497 5.518 92.049             

5 0.276 3.072 95.120             

6 0.230 2.555 97.676             

7 0.115 1.282 98.958             

8 0.055 0.612 99.569             

9 0.039 0.431 100.000             

 Extraction Method: Principal Component Analysis 
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Appendix 8 – Scree Plots for Each Construct  

Scree plots graphs 

Scree plot for SP 

 

Scree plot for MA 

 



124 

 

Scree plot for RA 

 

 

Scree plot for IT 
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Appendix 9 – Monte Carlo PCA for Each Construct  

Parallel analysis 

Monte Carlo PCA for Parallel Analysis – SP 

Monte Carlo PCA for Parallel Analysis 

Version . 

 

 

1/23/2019 9:19:24 AM 

Number of variables: 13 

Number of subjects: 103 

Number of replications: 100 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Eigenvalue # Random Eigenvalue Standard Dev 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 1 1.6465 .1015 

 2 1.4477 .0463 

 3 1.3264 .0544 

 4 1.2332 .0443 

 5 1.1446 .0414 

 6 1.0549 .0367 

 7 0.9736 .0360 

 8 0.8972 .0390 

 9 0.8179 .0381 

 10 0.7275 .0397 

 11 0.6646 .0458 

 12 0.5814 .0410 

 13 0.4847 .0420 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

1/23/2019 9:19:24 AM 

 

Monte Carlo PCA for Parallel Analysis 

©2000 by Marley W. Watkins. All rights reserved. 

****************************************************** 
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Monte Carlo PCA for Parallel Analysis – MA 

Monte Carlo PCA for Parallel Analysis 

Version. 

 

 

1/23/2019 9:22:06 AM 

Number of variables: 7 

Number of subjects: 103 

Number of replications: 100 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Eigenvalue # Random Eigenvalue Standard Dev 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 1 1.4191 .1118 

 2 1.0468 .0664 

 3 1.0159 .0377 

 4 0.9656 .0416 

 5 0.8711 .0732 

 6 0.7743 .0769 

 7 0.6571 .0411 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

1/23/2019 9:22:07 AM 

 

Monte Carlo PCA for Parallel Analysis 

©2000 by Marley W. Watkins. All rights reserved. 

****************************************************** 
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Monte Carlo PCA for Parallel Analysis – RA 

Monte Carlo PCA for Parallel Analysis 

Version . 

 

 

1/23/2019 9:25:36 AM 

Number of variables: 15 

Number of subjects: 103 

Number of replications: 100 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Eigenvalue # Random Eigenvalue Standard Dev 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 1 1.7073 .1056 

 2 1.5407 .0581 

 3 1.4042 .0591 

 4 1.3010 .0430 

 5 1.2152 .0345 

 6 1.1271 .0380 

 7 1.0377 .0381 

 8 0.9538 .0417 

 9 0.8817 .0433 

 10 0.8158 .0358 

 11 0.7434 .0324 

 12 0.6786 .0324 

 13 0.6067 .0295 

 14 0.5366 .0401 

 15 0.4502 .0449 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

1/23/2019 9:25:37 AM 

 

Monte Carlo PCA for Parallel Analysis 

©2000 by Marley W. Watkins. All rights reserved. 

****************************************************** 
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Monte Carlo PCA for Parallel Analysis – IT 

Monte Carlo PCA for Parallel Analysis 

Version . 

 

 

1/23/2019 9:26:53 AM 

Number of variables: 9 

Number of subjects: 103 

Number of replications: 100 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Eigenvalue # Random Eigenvalue Standard Dev 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 1 1.4865 .0969 

 2 1.3046 .0636 

 3 1.1630 .0556 

 4 1.0652 .0246 

 5 0.9915 .0327 

 6 0.8933 .0453 

 7 0.8040 .0387 

 8 0.7017 .0403 

 9 0.5902 .0481 

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

1/23/2019 9:26:54 AM 

 

Monte Carlo PCA for Parallel Analysis 

©2000 by Marley W. Watkins. All rights reserved. 

****************************************************** 

 


