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Abstract of Dissertation 

The Role of System Thinking Development and Experiential Learning on 

Enterprise Transformation  

 

 The recent economic downturn has had global repercussions in all businesses 

alike. Competition is fierce and a survival of the fittest model is always present; fast 

delivery times and innovative designs ultimately translate into the enterprisesô bottom 

line. In such market conditions, enterprises have to find ways to develop and train their 

workforce in a manner that enhances the innovative capabilities of the enterprise. 

Additionally, if companies are to stay competitive, they have to ensure critical skills in 

their workforce are transferred from generation to generation. This study builds on recent 

research on system-thinking development via experiential learning methodologies. First, 

a conceptual framework model was developed. This conceptual model captures a 

methodology to construct a system-thinking apprenticeship program suitable for system 

engineers. Secondly, a survey of system engineering professionals was conducted in 

order to assess and refine the proposed conceptual model. This dissertation captures the 

findings of the conceptual model and the implications of the study for enterprises and for 

system engineering organizations.   
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Glossary of Terms 

 Apprenticeship (Traditional): The methodology of teaching in which an 

experienced and proficient professional teaches an apprentice ñhow to do a task, watches 

as the apprentice practices portions of the task,ò and then adds more ñresponsibility until 

the apprentice is proficient enough to accomplish the tasks independentlyò (Collins, 

Brown, & Holum, 1991, p. 2) 

 Cognitive Apprenticeship: As opposed to traditional apprenticeships in which the 

tasks to be learned are ñeasily observable,ò in a cognitive apprenticeship, the ultimate 

goal is to ñdeliberately bring the thinking to the surface, to make it visible.ò Additionally, 

a critical characteristic of this type of apprenticeship is that the assessorôs thinking ñmust 

be made visibleò to the student, and the apprenticeôs thinking ñmust be made visible to 

the teacherò (Collins et al., 1991, p. 3) 

 Enterprise Transformation: Purchase, Parry, Valerdi, Nightingale, and Mills 

(2011) define enterprise transformation as a: ñfundamental shift within a defined 

enterprise that is a response to radical changes in the economic, market, or social 

environment; a fundamental alteration of context; and a step in performanceò  (Purchase 

et al., 2011, p. 28)  

 Experiential Learning: The conventional definition of experiential learning can be 

summarized in three words: ñlearning by doingò(Rosenstein, Sweeney, & Gupta, 2012, p. 

139). Additionally, in the context of system thinking development, experiential learning 

is defined as ña practical means to develop the cognitive processes that underlie critical 

thinking.ò (Hamilton & Klebba, 2011, p. 2)  
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 Innovation: According Amabile, innovation can be described as ñthe successful 

implementation of creative ideasò (1996, p. 1) 

 Knowledge management: Knowledge management is the action that enables 

ñproviding the right piece of knowledge to the right people at the right timeò (Fagerström 

& Olsson, 2002, p. 274). 

 Knowledge transfer: Knowledge transfer can be described as a communication 

process utilized to pass knowledge from a person, who has such knowledge, to another 

individual that needs that knowledge (Lehto, Haapasalo, Distanont, & Vaananen, 2012). 

 System Thinking:  Davidz elegantly defines system-thinking in her doctoral 

dissertation thesis: ñsystem thinking is utilizing modal elements to consider the 

componential, relational, contextual, and dynamic elements of the system of interestò 

(Davidz, 2006, p. 5). 
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Chapter 1 ï Introduction  

 Since the beginning of the twenty first century, a new pattern has emerged as the 

factor to consider in all business and enterprises. That pattern encompasses two major 

elements: affordability and performance.  Government acquisition practices are shifting 

towards cost effective solutions that perform well and can be delivered quickly. With 

fewer contracts to go around and with limited funding for new business ventures, 

competition increases dramatically and business enterprises are forced to find innovative 

solutions to complex problems. Additionally, since each enterprise is different, there is no 

comprehensive answer that can address all the underlying factors that play a role in the 

adaptation process during challenging market conditions. In these types of harsh 

environments, the literature proposes the development of holistic approaches that 

comprehensively analyze the enterpriseôs current capabilities to arrive at a set of steps 

and actions that address the capabilities of the future.  Such approaches suggest that in 

order for companies to survive in challenging market conditions, they need to adapt and 

incorporate changes in their operations and processes. The literature refers to this concept 

as enterprise transformation. Kotnour, a proponent of enterprise transformation, 

highlights that the transformation progression includes changes in enterpriseôs ñprocesses, 

tools, and peopleò (Kotnour, 2011, p. 48). This dissertation focuses on transformational 

changes via workforce development. More specifically, this research focuses on 

enhancing the system-thinking capabilities of system engineering organizations in the 

context of enterprise transformation to promote innovation and knowledge transfer. 
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1.1 ï Statement of the Problem 

 In the context of system engineering organizations, and with limited funds and 

more demanding market environments, organizations are forced to undergo 

transformational changes that attempt to increase efficiency and productivity, which are 

paramount for the survival of the enterprise, but this creates a paradox: How can 

companies enhance the capability of their system engineering professionals with limited 

funds allocated for workforce development? In such scenarios, organizations have to find 

efficient and cost-effective ways to develop and train their workforce in a manner that 

enhances the innovative capabilities of the enterprise. In addition, in an effort to keep a 

competitive edge in the marketplace, enterprises also have to ensure that such system-

thinking skills are transferred within the workforce. The major research question of this 

dissertation is:  

What type of cost-effective developmental program can successfully train system 

engineering professionals by promoting enterprise innovation and while providing an 

institutional knowledge sharing mechanism that ensures system-thinking skills are 

transferred from generation to generation?  

 The aforementioned research question generated a set of sub-questions that 

ultimately translated into the development of the proposed system-thinking 

apprenticeship program in an experiential learning environment to foment innovation and 

promote knowledge sharing in the enterprise.  These sub-questions are:     

a) What individual competences should be considered in the selection process of 

mentees/apprentices that are likely to succeed in the programs?   
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b) What individual characteristics should be considered in the selection process of 

mentors/assessors?  

c) How often does the mentoring interaction should occur for the experiential 

program to be effective?  

d) What program characteristics or outcomes promote mentee participation?  

e) What program characteristics or outcomes promote mentor participation?  

f) What corporate environment promotes workforce participation in this type of 

programs? 

 g) What are the benefits of system thinking development for enterprise 

transformation?  

h) What system thinking traits promote enterprise innovation?  

i) What system thinking traits promote knowledge transfer?  

 

A conceptual framework model was developed in order to answer the main research 

question and sub-questions of this dissertation. After the conceptual framework model 

had been developed, the proposed model was validated by surveying a group of 

experienced system engineering professionals. Based on the survey results, the proposed 

framework model was revised to adequately depict the survey findings. Finally, the 

survey results translated into the refinement of the proposed system-thinking 

apprenticeship program. The dissertation is concluded by presenting the major 

components of the proposed conceptual framework model to develop a formal 

apprenticeship program suitable for system engineering professionals. 
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1.2 ï Study of Purpose 

 This study stems from the similarities of two perspectives that propose an all-

embracing approach to problem solving. The first perspective encompasses the processes 

and methodologies to follow during enterprise transformation as a result of internal 

and/or external factors. The second perspective originates from the realm of system 

engineering concepts that promotes a ósystem-thinkingô approach for finding solutions to 

complex problems.  The main purpose of this study was to examine the role of system 

thinking development via experiential learning and analyze how these programs affect 

enterprise innovation capability and knowledge transfer for enterprise sustainability. 

Figure 1 captures the integration of both holistic perspectives to promote innovation and 

knowledge transfer via workforce experiential learning.  

 

 

Figure 1: Innovation and knowledge transfer 
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1.3 ï Limitations 

 As mentioned before, the main purpose of this dissertation is to examine the role 

of system-thinking development via experiential learning and analyze how such programs 

affect enterprise innovation capability and knowledge transfer. It was also mentioned 

how a conceptual framework was developed in order to research an organizationôs need 

to train its system engineering workforce in a manner that promotes innovation and 

addresses enterprise sustainability. Furthermore, the framework model is validated by 

asking the opinions of subject matter experts in the field of systems engineering. This can 

be seen as a limitation of this study; it could be argued that a more rigorous and scientific 

validation process, one that actually observes and measures the progression of system 

engineering candidates through the proposed framework, would have been more 

insightful and of more significance; however, the survey methodology used in this 

dissertation has strong precedent in systems engineering research. Additionally, this 

limitation is seen as an opportunity for further research in this field. 

1.4 ï Significance of the Study 

 The results of this study will be of significant interest to system engineering 

organizations and business enterprises looking for inventive ways to develop the system 

thinking capabilities of their workforces. For enterprises without established 

developmental programs of this type, the study will provide a tool to promote innovation 

and knowledge transfer in their organizations and a roadmap to implement those 

programs effectively. Additionally, the results of the study will also benefit system 

engineering organizations and business enterprises with existing developmental programs 

since they will be able to use this conceptual framework to optimize their processes, and 
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to maximize innovation and knowledge sharing, making the enterprise more competitive 

and enhancing short and long term enterprise sustainability. 

1.5 ï Organization of the document 

 Chapter 1 captures the overall description of the original research problem which 

provides the reader with the outline for the dissertation document. The dissertation begins 

by formulating the basis for undertaking the research; the context of the research is also 

defined. Next, specific research questions are discussed, and a methodology to analyze 

and answer those questions is proposed.  The chapter concludes with sections describing 

the limitations and significance of the research study to provide the reader with a general 

overview of the capacity and relevance of the study.  Next, the organization of this 

dissertation is presented. 

 Chapter 2 contains this dissertationôs literature review, which encompasses the 

major areas of interest in the research and establishes the foundation of the development 

of the conceptual framework model.  The literature review incorporates a comprehensive 

collection of literature and research studies in the disciplines of enterprise transformation, 

experiential learning, system-thinking, and on strategies for effective system-thinking 

development in the system engineering workforce of today. Since the proposed 

apprenticeship program was based on mentoring methods, an ample review and analysis 

of mentoring methodologies for various fields was conducted, and supporting evidence 

was collected in order to adapt concepts relevant to system engineering. Refer to 

APPENDIX A ï Detailed Conceptual Framework Model Development for the details of 

the literature review process. The details are presented in an appendix to maximize the 

readability and fluidity of the dissertation document.  
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 Chapter 3 presents the research methodology utilized in this dissertation. First, a 

conceptual framework model was developed as a result of the extensive literature review. 

Secondly, an adequate research methodology was selected in order to accomplish the 

identified research objectives; survey research was chosen as the validating methodology. 

The theoretical constructs are provided and a graphical representation of the research 

process is presented, and the survey questions are mapped to the dissertation research.   

This chapter also describes data collection procedures of the empirical data, as well as the 

data analysis approaches utilized to analyze the raw data.  The data analysis approaches 

are presented and strengths and limitations are identified. 

 Chapter 4 of this dissertation captures the research results. This chapter contains 

the major outcomes of the statistical analyses pertinent to the validation of the conceptual 

framework model.  In brief, this chapter discusses the key findings of the survey 

instrument with respect to the proposed conceptual framework.  

 Chapter 5 contains the discussion and conclusions of this dissertation.  In this 

chapter, the proposed conceptual framework model is revised to incorporate the results of 

the survey instrument. Additionally, a summary of each research question and sub-

question and their corresponding answer is provided.  This chapter also presents the 

limitations and implications of the current research study and recommends areas for 

further research opportunities. Finally, a brief discussion of the research objectives and 

research findings is provided, which concludes the purpose of this study. 
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Chapter 2 ï Literature R eview 

 This chapter discusses a collection of the literature relevant to the key elements of 

interest to this dissertation, specifically on the concepts to be integrated as part of the 

proposed apprenticeship program as depicted in Figure 1. Those concepts are: Enterprise 

transformation, system-thinking development, and workforce experiential learning.   

First, the concept of enterprise transformation is explored and relevant materials 

are surveyed. Second, the literature was surveyed to investigate experiential learning 

methodologies as the environment of choice for the proposed developmental program.  

Third, a collection of literature relevant to system-thinking is conducted in order to 

substantiate what system-thinking skills should be promoted during the proposed 

apprenticeship program. This section of the literature review also includes the 

investigation of existing selection approaches that can be utilized as mechanisms to select 

system engineering professionals that are likely to succeed in the proposed programs. 

Fourth, since the proposed apprenticeship program relies on mentoring methodologies, a 

literature review of formal mentoring programs in various fields is also conducted to 

assess important mentor characteristics relevant to the selection process of mentors for 

the proposed apprenticeship program.  Refer to APPENDIX A ï Detailed Conceptual 

Framework Model Development for the details of the literature review process. The 

details are presented in an appendix to maximize the readability and fluidity of the 

document. 

 This chapter shows that there is limited research on formal mentoring programs 

for system engineering professionals that focus on system thinking development.  
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Additionally, none of the current literature has investigated the possible influence of 

system-thinking development via experiential learning on enterprise transformation, 

which leads to the development of the framework to construct a formal apprenticeship 

program suitable for system engineering professionals.  

2.1 ï Enterprise Transformation 

 Enterprise transformation is defined as a ñfundamental shift within a defined 

enterpriseò in response to internal or external factors that alter the ñfundamentalò 

operation of the enterprise and factors that disrupt established processes and workforce 

performance (Purchase et al., 2011, p. 28). This concept is in line with the perspective 

presented in (Gallagher, Brown, & Brown, 2008) which emphasizes the importance of 

becoming familiar with the market place and adapting to it by promoting critical skills in 

the workforce in order to develop better products and services, all of which would 

translate into better profit margins for the enterprises. 

 Rouse (2005) also describes how changes in the market place result in the 

inevitable realignment of enterpriseôs goals and processes in order to adapt and remain 

competitive.  In subsequent research, Rouse (2011) argues that enterprise transformation 

is extremely challenging and foresees a market place that provides even more challenges 

for organizations trying to undergo change. He states that often times ñenterprises fail 

when forced to address fundamental transformationò (Rouse, 2011, p. 71). He suggests 

that the larger the enterprise requiring fundamental transformation, the more difficult it is 

to adapt and transform. He defines four central elements of the successful transformation 

for these enterprises: ñFocus on customer, operational efficiency, enterprise culture, 

executionò (Rouse, 2011, pp. 78ï79). To a greater extend, all of these elements relate to 
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the ability of the workforce to communicate with the customer, operate efficiently, adapt 

and welcome a culture of change that promotes productivity, and the workforce capacity 

to execute and deliver.  

 Other proponents of the relationship between market conditions and the need for 

enterprise transformation go a step further by defining an ñorganizational identityò that 

transforms and takes shape as part of the adjustment process during ñturbulent 

environmentsò (Hatum, Silvestri, Vassolo, & Pettigrew, 2012, p. 305). The literature 

describes the enterprise transformation perspectives and concepts as part of the 

adaptation process that all firms should consider in the dynamic environments of today. 

Most importantly, the authors suggest that in order to survive and stay competitive, firms 

must embrace change and look for ways to enhance their present and future capabilities 

while keeping costs down. The increasing need to understand the underlying principles 

that define enterprise transformation processes is also evident in new enterprise 

transformation initiatives. For instance, intellectuals from various fields came together in 

recent years to establish the Journal of Enterprise Transformation (JET). Such 

publication provides its readership with theoretical and best practice approaches to 

understand the fundamental challenges faced by organizations that undergo change as a 

result of a wide array of internal and/or external factors.  Kotnour, a researcher in the 

field of enterprise transformation, suggests that the ñneed for change leads to a large-

scale transformation, including a change in mission and subsequent required change in 

the core businessò (Kotnour, 2011, p. 48). The author also highlights that the 

transformation progression includes changes in enterpriseôs ñprocesses, tools, and 

peopleò (Kotnour, 2011, p. 48).This dissertation focuses on changes in people, namely on 
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workforce development strategies that are in line with the enterprise transformation 

theories that propose a holistic perspective that captures the steps needed to adapt to 

adverse market conditions. 

2.2 ï Experiential Learning 

 The concept of experiential learning is nothing new. In fact, there are those who 

argue that everything one learns can only be learned by experiencing it first. Koo, a 

proponent of experiential learning summarizes this methodology by quoting Confucius 

who said: ñI hear and I forget. I see and I remember. I do and I understandò (Koo, 1999). 

(Bynum & Porter, 2005) refer back to the teachings of Aristotle to substantiate the 

relevance of the experiential learning methodology of teaching by doing. They quote 

Aristotle in their work: ñFor the things we have to learn before we can do, we learn by 

doing.ò  Given the origins of the experiential learning concepts go back to the era of the 

great philosophers, it is no surprise that it was another philosopher that is credited with 

the development of a modern definition of experiential learning. The renowned French 

philosopher Jean-Jacques Rousseau is recognized as the father of formal experiential 

learning methodologies.  Dorina Salavastru, an experiential learning researcher, considers 

Rousseau the ñforerunner of experiential learning theoryò (2002, p. 19).  Rousseauôs 

work focused on early development in children, but the experiential learning concepts are 

applicable to the various stages of learning in humans.  Subsequent experiential learning 

methodologies have been further researched and refined by Dewey (1938), by Lewin 

(1947, 1951), and later refined in the work by Piaget (1951, 1952), all of whom 

researched experiential learning in the fields of education, social sciences, and 

psychology, respectively. 
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By the turn of the last century, the research was focusing on experiential learning applied 

theories (D. Kolb & Fry, 1975) that investigated relationships between learning and 

development (Vygotsky, 1978), and on the differences in learning styles focusing on 

experience as the main source for development in humans (D. Kolb, 1981, 1984). 

More modern  experiential learning research focuses on the investigation of dynamic and 

comprehensive approaches that attempt to manage learning and development (A. Kolb & 

Kolb, 2005) and on the enhancement of experiential learning for higher education (D. 

Kolb & Kolb, 2009).  Recent research studies investigate the effects of integrating 

experiential learning in the curriculums of business schools (McHann & Frost, 2010) and 

in the curriculums of organizational leadership programs (Bangs, 2011), as part of the 

teaching and learning processes. Finally, the utilization of experiential learning as a 

ñviable and practical approach to enhance critical thinking skillsò in (Hamilton & Klebba, 

2011, p. 9), and the positive impact of experiential learning methodologies for technology 

and engineering educators described in (Ernst, 2013) are of  relevance to this dissertation 

since such studies relate to the fields of system-thinking, technology, and engineering. 

 To conclude and summarize this literature review section, a succinct and yet 

powerful definition of experiential learning is provided in (Rosenstein et al., 2012, p. 

139) where the authors defined experiential learning simply as ñlearning by doing.ò  

Additionally, another definition of relevance to this dissertation and in the context of 

system-thinking is described by Hamilton and Klebba who define experiential learning as 

a methodology that focuses on the ñpractical means to develop the cognitive processes 

that underlie critical thinkingò (2011, p. 2). 
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2.3 ï System-thinking 

 The concepts and principles of enterprise transformation and experiential learning 

were investigated in the previous literature review sections. This section focuses on a 

review of the literature corresponding to system-thinking and system thinking 

development. 

2.3.1 ï System-thinking and engineering 

Two decades ago, Senge described system-thinking as a ñcatalystò for process 

improvement (1990, p. 407). He viewed system-thinking as a driver for organizational 

performance (Senge, 1990). Research in (Cavaleri & Sterman, 1997) and (Huz, 

Andersen, Richardson, & Boothroyd, 1997) validate how system-thinking contributes to 

the enhancement of efficiency and productivity in an organization. Frank (2000) confirms 

the significance of system-thinking capabilities in the workforce, but highlights that 

engineers have different system-thinking skills. Subsequent research in (Frank, 2002) 

translates into the development of a set of guidelines that attempt to promote system-

thinking skills specific for engineers. The research in (Frank, 2002) also translates into 

the identification of the most important system-thinking traits of individuals (Frank, 

2002). Frankôs pioneer research in (2000, 2002) is expanded by the development of the 

concept of Capacity for Engineering System Thinking (CEST) presented in (Frank, 2006).  

More recent research explores system-thinking development specific to system 

engineering professionals  (Davidz, 2006; Davidz & Nightingale, 2008); The latter study 

focuses on researching factors that rapidly promote the development of system engineers. 

Valerdi and Rouse (2010) also propose a set of system-thinking competencies that can be 

promoted and measured.  Finally, Davidz & Martin (2011) and  (Kasser, Hitchins, Frank, 
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& Zhao, 2013) highlight the need to improve the system-thinking capacity of system 

engineering organizations in order to increase productivity and performance. 

 

Major points of agreement: 

Proponents of system-thinking agree that system-thinking is needed to solve the 

complex problems of today (Frank, 2000; Davidz, 2006; Davidz & Nightingale, 2008; 

Lamb & Rhodes, 2010; Assidmi, Sarkani, & Mazzuchi, 2012). Proponents also suggest 

that system-thinking development translates into higher productivity in the workplace 

(Cavaleri & Sterman, 1997; Huz et al., 1997; Mengers & Sireli, 2009).  System-thinking 

proponents also agree that system engineers learn more effectively by working in real 

projects and by being exposed to complex problems (Davidz & Nightingale, 2008; 

Fagerström & Olsson, 2002; Frank, 2000, 2006). And most importantly, many authors 

agree that there is a shortage of system-thinking professionals and stress the need to 

develop a new wave of system-thinkers (Davidz, 2006; Davidz & Nightingale, 2008; 

Lamb, Nightingale, & Rhodes, 2008; Lamb & Rhodes, 2010; Mengers & Sireli, 2009). 

 

Major points of divergence: 

Earlier research suggests people have similar learning potential, and thus system-

thinking development is for everyone (Cavaleri & Sterman, 1997; Huz et al., 1997; 

Senge, 1990). Although authors in more recent publications acknowledge that everyone 

can benefit from system-thinking development, they argue that not everyone has the same 

learning potential (Davidz & Nightingale, 2008; Frank, 2000, 2002). Also, the literature 

suggests various approaches for system-thinking development (Davidz & Martin, 2011; 
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Davidz & Nightingale, 2008; Davidz, 2006; Frank, 2006), but there is no consensus on 

what methodology is more appropriate and in what environment such methodology 

should be implemented. Finally, there is consensus with respect to system-thinking 

development being achievable, but there is no agreement on a defined set of system-

thinking skills that need to be promoted during such development (Davidz & Martin, 

2011; Davidz & Nightingale, 2008; Frank, 2006, 2010). 

Chapter 3 ï Research Methodology 

 The research methodology for this dissertation is comprised of two parts: 

First, a conceptual framework model for the proposed workforce development program 

was developed; such model captures the elements necessary to construct an 

apprenticeship program suitable for system engineering professionals. The details of the 

conceptual framework development can be found in APPENDIX A of this dissertation.  

Secondly, a survey instrument is implemented in order to assess the proposed model. 

Refer to APPENDIX B for details about the survey instrument used in this dissertation 

research. 

The survey results are then tabulated and statistical significance is evaluated in order to 

assess the adequacy or inadequacy of the proposed apprenticeship program and its 

various elements. Finally, the survey results are interpreted and then incorporated into a 

revised version of the proposed model, and the final findings are presented in subsequent 

chapters. 
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3.1 ï Conceptual framework model for proposed apprenticeship program 

 This dissertation relies on extensive literature review and existing research studies 

to develop the main components of the proposed framework model. The details of the 

development of the conceptual framework model can be found in APPENDIX A. 

First, the study leverages the eight (8) system-thinking traits defined in (Davidz & 

Nightingale, 2008; Davidz, 2006) and adopts them as the skills that need to be promoted 

in the program. These skills are straight forward and synthesize the elements to be 

promoted in the proposed apprenticeship program.  

Secondly, a mechanism to select participants that are more likely to succeed in the 

program is defined.  For this, the study proposes the utilization of the competences 

described in the research by Frank (2006, 2010).  

The third main component of the conceptual framework involves the selection 

process of adequate mentors. The literature was also surveyed to develop this component.  

Kram is credited for conducting the first ñsystematicò investigation on mentoring 

relationships in modern organizations (Fowler & OôGorman, 2005, p. 51). As a result, 

career functions and psychosocial functions are identified as the two major mentoring 

functions in subsequent research as specified in (Kram, 1980, 1985). The authors in 

(Ragins & McFarlin, 1990) propose two additional mentoring functions to be added to 

the model, and subsequent research in (Raabe & Beehr, 2003) and (Scandura, 1992, 

1997) validate the pioneer research in (Kram, 1980, 1985) and (Ragins & McFarlin, 

1990). Finally, a conceptual framework model for formal mentoring is developed in 

(Wanberg, Welsh, & Hezlett, 2003). The research framework of this dissertation is an 

adaptation of that formal mentoring model to the system engineering field. 
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Finally, the fourth element of the conceptual framework model developed in this 

study relates to the program characteristics that are likely to promote participation. By 

examining the main elements of the formal mentoring model described in (Wanberg et 

al., 2003), the characteristics that make apprenticeship programs more appealing to 

potential participants are highlighted and investigated in the context of the proposed 

apprenticeship program for system engineering professionals. The resulting conceptual 

framework model is captured in Figure 2.    

 

Figure 2: Research framework methodology 

3.2 ï Model Validation: Survey Design   

 The next undertaking of this dissertation consisted on developing a way to 

validate the proposed framework model.  This section assesses the adequacy or 
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inadequacy of the proposed model.  There is strong precedent supporting the use of 

surveys in system engineering research. Survey research has been used to construct a 

system engineering curriculum for system-thinking development (Frank, 2000), to 

develop a three-dimensional model to study system-thinking concepts (Frank, 2002), to 

accelerate the development of senior system engineers (Davidz, 2006), and to study 

collaborative system-thinking in organizations (Lamb & Rhodes, 2010). 

3.2.1 ï Survey Instrument 

The main sections of the survey instrument are depicted in Figure 3. The set of 

questions for each section were captured in a Microsoft Excel file and sent to system 

engineering professionals with three (3) or more years of experience. The participants 

were selected from system engineering organizations in government agencies, private 

industry, and professional system engineering organizations. The surveys solicitations 

were distributed via electronic mail, and information and consent forms were also 

provided to all potential participants.  As soon as the completed surveys were returned, 

the files were saved as anonymous files and added to a repository. Then, the answers 

were automatically transferred to a main Excel file where descriptive statistics were 

tabulated. The data was also transferred to Minitab
®
 and Matlab

® 
where nonparametric 

and multivariate statistical analyses were conducted. With the exception of the 

demographics section, the survey questions are asked to determine the participantôs 

opinion about the aspects of the proposed system-thinking apprenticeship program. 

The survey details and the descriptions of the questions sent to the survey 

participants can be found in APPENDIX B.  
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3.2.2 ï Survey Scoring Scale 

 The survey instrument follows the scale developed by Rensis Likert, who used 

such scale to improve the levels of measurement in his research (Likert, 1932). As 

specified in (Jamieson, 2004), a 5-point Likert scale convention is adopted for the study. 

The participants had five (5) options to choose from: Strongly disagree (SD), disagree 

(D), neither agree nor disagree (N), agree (A), and strongly agree (SA). For the statistical 

analysis, each option had an associated score of 1, 2, 3, 4, and 5 respectively. The main 

sections of the survey instrument are depicted in Figure 3.    

 

Figure 3: Survey instrument for model validation process 



 

20 

 

3.2.3 ï Survey Instrument Elements 

  With the exception of the demographics section, which is not shown in Figure 3, 

the survey questions are asked to determine the participantôs opinion about the aspects of 

the proposed system-thinking apprenticeship program. The survey is broken into five (5) 

sections; the sections are presented next. 

3.2.3.1 ï Demographics (Part A) 

The first section asks for demographics information and establishes the 

participantôs level of experience in the systems engineering field. Figure 4 captures ñPart 

Aò of the survey instrument.  The participants were asked about their level of system 

engineering experience, their educational level, their title in their organization, and the 

number of employees in their organizations.  In order to assess their exposure to 

mentoring, two additional questions were asked to the participants. Refer to Figure 4 for 

details about the demographic section. 

 

Figure 4: Survey: Part A ï Demographics 

3.2.3.2 ï Candidate selection process (Part B) 

 The second survey section (Part B) asks for the participantôs opinion about the 

type of competences that should be considered in the selection process of system 

engineering mentees/apprentices.  This section of the survey is used to assess the 
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proposed mechanism to select potential candidates based on Frankôs research (2006) and 

(2010), namely focusing on those individuals that are likely to succeed in the program. 

The survey participants were asked three series of questions:   

A. The first set of questions asked the participants which of Frankôs individual 

cognitive competences (2006, p. 94) should be considered when selecting mentees 

that are likely to succeed in system engineering mentoring programs.  

B. The second set of questions asked the participants which of Frankôs individual 

engineering competences (2006, p. 97) should be considered in the selection 

process.   

C. The third set of questions investigated which of Frankôs behavioral characteristics 

(2006, p. 100) should be considered in the selection process.  

Refer to Figure 5 for a depiction of the survey questions sent to the participants. 

 

Figure 5: Survey: Part B ï Mentee/Apprentice selection process 
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3.2.3.3 ï Mentor selection process (Part C) 

 The third survey section asks for the participantôs opinion about the type of 

characteristics that should be considered in the selection process of mentors/assessors. 

The questions were developed based on the literature review on formal mentoring. Refer 

to APPENDIX A for further details.  

The questions in this section investigate what mentor characteristics should be considered 

when selecting potential mentors for the proposed mentoring program for system 

engineering professionals.  Refer to Figure 6 for details about the set of questions.  

 

Figure 6: Survey: Part C ï Mentor/Assessor selection process 

3.2.3.4 ï Program characteristics (Part D) 

 This section of the questionnaire asks for the participantôs opinion about the 

program characteristics that promote mentees and mentors participation.  The first 

element of section D investigates how frequently the participants think the mentoring 

interaction should occur. Refer to Figure 7 for details. 

 

Figure 7: Survey: Part D ï Program Characteristics: Frequency of interaction 
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  The second element of section D examines the characteristics that should be 

promoted as beneficial to the apprentices. The survey participants were asked a series of 

questions to assess what program benefits would entice potential participants (mentees) 

to participate in these programs. Refer to Figure 8 for further details. 

 

Figure 8: Survey: Part D ï Characteristics that promote mentee participation 

 

 The third element investigated in section D corresponds to the assessment about 

the type of program characteristics that should be promoted to portray the program as 

beneficial for potential mentors. The participants were asked a series of questions to 

assess what program benefits would appeal to potential participants (mentors). Refer to 

Figure 9 for further details. 

 

Figure 9: Survey: Part D ï Characteristics that promote mentor participation 

 To fourth and final program characteristics examined in Section D corresponds to 

the assessment of the corporate environment that promotes participation. Two questions 
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were asked to the participants to assess the importance of corporate involvement in the 

proposed program. Refer to Figure 10 for further details. 

 

 Figure 10: Survey: Part D ï Corporate environment that promotes participation 

3.2.3.5 ï System-thinking for innovation and (Part E) 

 In this section, the survey investigates the opinion of the survey participants with 

respect to the potential benefits of system thinking development on enterprise 

transformation, focusing on innovation and knowledge transfer.  

The first question asked the participants if they thought these programs enhanced 

enterprise innovation. The second question asked the participants if they thought these 

types of programs enhanced knowledge transfer for enterprise sustainability. Refer to 

Figure 11 for further details about these two questions. 

 

Figure 11: Survey: Part E ï Program benefits for enterprise transformation 

  



 

25 

 

 The second set of questions in Section E asked the opinion of the survey 

participants and their assessment on how the system thinking traits proposed by Davidz 

and Nightingale (2008) are of benefit to enterprise transformation. The survey 

participants were asked if each of those system-thinking traits promoted: innovation, 

knowledge transfer, or did not promote either. Refer to Figure 12 for details about these 

questions. 

 

Figure 12: Survey: Part E ï System-thinking, innovation, and knowledge transfer 

 

3.3 ï Mapping of survey questions to dissertation research 

Figure 13 captures how each of the survey questions is used in this research 

study, and how the survey results translate into the refinement of the proposed system-

thinking apprenticeship program. 
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The Role of System Thinking Development on Enterprise Transformation

Focus of training: System Thinking

Innovation Knowledge Transfer

Results translates into the development of the 
proposed system-thinking apprenticeship program

Survey Research methodology

Part A: Demographics

Part B: Candidate selection Process
Q1B  ς Q10B: Cognitive
Q11B ς Q21B: Engineering

Q22B ς Q27B: Behavioral

Part C: Mentor selection Process
Q1C - Q10C: Mentor characteristics

Part D: Program characteristics
Q1D: Freq of interaction
Q2D ς Q9D: how to promote apprentice participation
Q10D ς Q17D: how to promote mentor participation
Q18D - Q19D: Corporate environment that promotes participation

Part E: Benefits for enterprise 
Q1E  ς Q2E: Benefits for enterprise transformation

Q3E ς Q10E: System-Thinking traits to promote

Research: Methodology for system-thinking 
training for systems engineers

 Type of program

Training Methodology: Apprenticeship

Experiential Learning Environment

 Apprenticeship program design

Selection process: Prioritizes competences of 
system engineers that are likely to succeed

Selection process: Examines characteristics of 
mentors for the proposed program

Freq. of interaction: Suggests optimum mentee-
mentor dyad frequency of interaction

Strategies for participation: Prioritizes program 
characteristics that promote participation

Program benefits: Examines benefits of system-
thinking training and formal mentoring programs 

on innovation and knowledge transfer

System thinking benefits: Examines which 
system-thinking traits promote innovation and 

which promote knowledge transfer

During challenging market conditions enterprises focus on workforce 
training that promotes innovation and institutional memory

 

Figure 13: Survey research methodology mapped to dissertation research 

 

3.4 ï Data analysis methodology 

This chapter presents the methodologies utilized to assess the survey results. First, 

descriptive statistics relevant to the collected data are presented; secondly, summaries of 

the nonparametric and multivariate analyses utilized in the study are described. 

3.4.1 ï Descriptive Statistics 

As described in the research methodology chapter, this dissertation utilizes survey 

research to assess the elements of the proposed apprenticeship program for system 

engineering professionals. It was also mentioned that the surveys were sent to system 

engineering professionals with three (3) or more years of experience. The participants 



 

27 

 

were selected from system engineering organizations in government agencies, private 

industry, and professional system engineering organizations. Figure 13 summarizes the 

ultimate goal of the survey which is the refinement of the proposed system-thinking 

apprenticeship program based on the participantsô feedback; such refinement requires 

assessing the central tendency of the responses to the survey questions and the statistical 

significance of that tendency. This study follows the methodologies specified in (Stevens, 

1946), where the author uses the median and mode to assess central tendency and the 

range and inter quartile range (IQR) to assess dispersion and to find outliers in the data. 

3.4.2 ï Nonparametric analysis: 1-Sample Sign Test 

Nonparametric analysis was utilized to perform tests about the population center 

value (median). Refer to (Gibbons, 1976; Noether, 1971) for further readings on the topic. 

Nonparametric tests are good candidates for survey data since there is no assumption 

about a specific distribution (unlike in parametric analysis). The 1-Sample Sign test was 

chosen since it does not assume symmetry in the distribution; it conducts a test of the 

median and calculates the corresponding point estimate. The test uses the null hypothesis 

that the population median (ɖ) is equal to a hypothesized value (ɖo) and tests against an 

alternative hypothesis, which can be left-tailed (ɖ < ɖo), right-tailed (ɖ > ɖo), or two-tailed 

(ɖ Í ɖo).  There are five (5) options to choose from in the survey: SD, D, N, A, and SA, 

and each choice has an associated score of 1, 2, 3, 4, and 5 respectively. Therefore, a 

median < 3.00 implies a negative tendency, and a median > 3.00 suggests a positive 

tendency.  Since the study looks for a positive central tendency in the data, a 1-Sample 

Signed test (right-tailed) with the following hypotheses was selected:  Ho: ɖ = 3.00; H1: 

ɖ > 3.00 and with Ŭ = 0.05 as the significance level to test against. If the p-value is < 0.05, 
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the null hypothesis is rejected and the alternative hypothesis is accepted (positive central 

tendency); if the p-value > 0.05, the null hypothesis fails to be rejected. The 1-sample 

signed test (right tailed) was conducted using Minitab
®
15. 

3.4.3 ï Multinomial test 

The survey responses were also fitted to a multinomial distribution and the 

probabilities of each of the response categories was calculated.  The multinomial test was 

conducted to assess the null hypothesis that the parameters of the multinomial 

distribution equal a specified value. For this study, the parameters of interest correspond 

to the sum of the probabilities of óAgreeô (P_A) and óStrongly Agreeô (P_SA). The test 

captures the Multinomial probability (P_A + P_SA) in each response with Ŭ = 0.05, 

namely a 95% Confidence Interval (CI) is calculated. The multinomial test was 

conducted in Matlab
®
 R2010a. 

3.4.4 ï Multivariate Analysis: Item Analysis 

The final step in the data analysis process corresponds to the assessment of the 

internal consistency of the survey. For this, an ñItem Analysisò test is conducted. Item 

analysis is a type of Multivariate Analysis (MVA) approach which provides statistics that 

help assess the item-by-item reliability of the survey. The Cronbachôs alpha value 

measures the degree of internal consistency as specified in (Cronbach, 1951). This 

dissertation focuses on the Cronbachôs alpha value and on the omitted statistics, which 

assess if removing a particular question in the analysis increases the alpha value. The rule 

of thumb specified in  (George & Mallery, 2003) and (Kline, 1999) is followed for 

assessing the alpha value:  Ŭ > 0.9 (excellent); 0.8 < Ŭ < 0.9 (good); 0.7 < Ŭ < 0.8 
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(acceptable); 0.6 < Ŭ < 0.7 (questionable), 0.5 < Ŭ < 0.6 (poor), and Ŭ < 0.5 

(unacceptable). The item analysis assessment was conducted using Minitab
®
15. 

3.5 ï Research methodology limitations 

There are two limitations in this research methodology. The first limitation relates 

to divergence of definitions (amongst survey participants) in regards to system-thinking 

and experiential learning. This limitation is discussed in (Davidz, 2006), where the author 

examines how divergence of relevant definitions is a potential issue in surveys and 

suggests that the consensus strength of each formulation may be compromised. Another 

less significant limitation relates to the statistical analyses selected to assess the data. 

Initially, descriptive statistics are tabulated and this is followed by conducting a non-

parametric 1-Sample Sign test, which examines central tendency but does not capture the 

strength of consensus of the respondents. The multinomial test provides an assessment of 

consensus amongst responses but only within a confidence interval. 

3.5.1 ï Mitigating measures 

Two steps are taken to address these limitations: First, when possible, relevant 

definitions are provided within the survey in an attempt to reduce preconceptions about a 

particular topic. Secondly, the statistical analyses are reinforced by introducing a 

methodology that specifically examines the strength of consensus for each formulation. A 

summary of the model consensus strength is presented in the next section.  Additional 

details of the consensus model are presented in APPENDIX D ï Details of Consensus 

Measure Model. 
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3.5.2 ï Model for Consensus Strength 

This section introduces a mathematical model that captures the level of consensus 

(or dissention) for each of the questions in the survey instrument.  The model was 

developed in (Tastle & Wierman, 2007) where the authors build upon the entropy 

concept researched by Shannon (1948) and incorporate a probability distribution and 

distances between categories or choices. A final score of ó1ô represents perfect consensus, 

and a final score of ó0ô indicates no consensus at all.  Other researchers studying 

consensus theory concur with the assumption that consensus spans the unit interval 

(Kacprzyk, Zadrozny, & Ras, 2009; Szmidt & Kacprzyk, 2001, 2003). An important 

property of the consensus measure is that it is not linear. For example, a value of 0.5 is 

not the midpoint between absolute consensus and absolute dissention (Tcha, Ahammad, 

& Qiang, 2000). A set of ranges to quantify consensus is proposed by (M. Anderson & 

Blandy, 1992). The authors describe that consensus above 0.4 is ñgoodò; a value between 

0.5 and 0.7 is considered ñconvincing,ò and a value greater than 0.7 is considered 

ñoverwhelmingò. The final consensus measure used in this study is: 

CÎÓ8 ρ В  Ð ÌÏÇ ρ
ȿ  ȿ

   

Where, X is any finite discrete random variable with probability distribution p(x)   

  %8 В  Ð 8É ʈ ÉÓ ÔÈÅ ÍÅÁÎ ÏÆ 8, aÎÄ ÄØ ÉÓ ÔÈÅ ×ÉÄÔÈ ÏÆ 8ȟÄØ 8 8   

This equation is used to calculate the consensus strength of each of the collective 

responses in the survey and to provide a better assessment of each response. 
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3.5.3 ï Consensus Strength examples 

The consensus equation was utilized to create a table with various cases in order 

to illustrate how the consensus measurement works. Table 1 captures various general 

cases of consensus strength given a number of responses (40 responses are assumed). 

 

 
 

Table 1:  Consensus strength examples 

The first case represents maximum consensus (Cns = 1.00), and it is represented 

with all 40 responses converging to a single category. The second example captures 

various degrees of polarization (Cns ~ 0.00). Those cases occur when the responses are 
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equally divided (or very close to equally divided) between categories at opposite end of 

the spectrum. The other cases represent various degrees of consensus, which depend on 

how the responses are divided between one or more categories and on the relative 

distance between those categories. 

Chapter 4 ï Research Results 

 As it was mentioned before, the questionnaires were distributed to system 

engineering professionals with more than 3 years of experience in the system engineering 

field and/or in a system engineering sub-discipline, namely participants whose 

organization or group falls under the system engineering umbrella. The survey was sent 

to an initial population of 101 system engineering professionals and there was a response 

rate close to 40%, namely there were 40 responses. In the following sections, specific 

survey results for each section are presented. 

4.1 ïSurvey Results: Demographics (Part A)  

The level of experience of the survey population is captured in Figure 14.  Most 

of the survey participants (75%) have between 3 and 15 years of experience in the system 

engineering field. The remaining 25% of the population has 15 years of experience or 

more. Figure 15 captures the educational level of the population, which is 17%, 65%, 

and 18% corresponding to Bachelors, Masters/MBA, and PhD degrees, respectively. 

Figure 16 depicts the organization size of each of the participants.  Finally, Figure 17 

captures the system engineering mentoring experience of the survey participants. The 

participants were asked if they have mentored someone in systems engineering: 63% of 

the participants (N=25) said they have and 37% (N=15) said they have not. Additionally, 
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the participants were asked if they have been mentored in systems engineering during 

their careers: 58% (N=23) indicated that they have received mentoring and 42% (N=17) 

said they have not. 

 

Figure 14: Survey ï Demographics: Experience level in systems engineering 

 

Figure 15: Survey ï Demographics: Educational level 
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Figure 16: Survey ï Demographics: Organization size 

 

Figure 17: Survey ï Demographics: Mentoring experience in systems engineering 
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4.2 ïSurvey Results: Candidate selection process (Part B) 

Refer to Table 2 for a description of all the questions in part B and to Table 3 for 

the corresponding statistical results of the 1-Sample Signed test, multinomial test, and 

consensus strength.  The statistical analyzes indicate that all but one (Q8B) of the 

cognitive competences (Q1B ï Q10B) are of relevance to the proposed program.   The 1-

Sample Signed test and the multinomial tests indicate the responses to Q8B do not have a 

positive tendency.  Additionally, the statistical analyzes confirms the use of engineering 

competences (Q11B ï Q21B) and behavioral competences (Q22B ï Q22B) as relevant to 

the selection process for the proposed program. Finally, the consensus measure for all 

questions in section B ranges from 0.565 to 0.771, which indicates a convincing to 

overwhelming consensus. 

4.2.1 ï Candidate selection process statistical analysis 

A. The results of the 1-Sample signed (right-tailed test) indicate that all questions have a 

positive tendency, namely a median > 3 and a P-value < 0.05. The exception is Q8; which 

has a P-value > 0.05, which implies that the test fails to reject null hypothesis.  

 B. The results for the multinomial test suggest that the upper bound for the 95% 

confidence interval is greater than 0.6 for all instances, except for Q8. 

 C. For the agreement measure, the consensus strength for all questions in this section 

ranges from 0.565 to 0.771, which indicates convincing to overwhelming consensus. 
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Table 2:  Description of Part B Questions
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Table 3:  Survey Statistical Analysis for Part B 
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4.3 ï Survey Results: Mentor selection process (Part C) 

The descriptions of the questions in section C are captured in Table 4, and the 

relevant statistical analyzes are captured in Table 5. The statistical analyzes confirms all 

but one of the proposed essential mentor characteristics (Q1C ï Q8C) are relevant to the 

selection process. Both the 1-Sample Signed test and the multinomial tests indicate that 

the responses to Q2C do not have a positive tendency.  Finally, the consensus measure 

for all questions in this section ranges from 0.615 to 0.838, which indicates a convincing 

to overwhelming consensus strength. 

 

4.3.1 ï Mentor selection process statistical analysis 

A. The results of the 1-Sample signed (right-tailed test) indicate that all questions have a 

positive tendency, namely a median > 3 and a P-value < 0.05. The exception is Q2; which 

has a P-value > 0.05, which implies that the test fails to reject null hypothesis. 

 B. The results for the multinomial test suggest that the upper bound for the 95% 

confidence interval is greater than 0.6 for all instances, except for Q2. 

 C. For the agreement measure, the consensus strength for all questions in this section 

ranges from 0.615 to 0.838, which indicates convincing to overwhelming consensus. 
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Table 4:  Description of Part C Questions  
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Table 5:  Survey Statistical Analysis for Part 



 

41 

 

4.4 ï Survey Results: Program characteristics (Part D) 

The descriptions of the questions in this section are captured in Table 6, and the 

corresponding statistical analyzes are captured in Table 7.  Q1D for this section examines 

the participantôs opinion about the frequency of the mentoring interaction between the 

mentee-mentor dyad. The participants were asked how often they thought the mentoring 

interaction should occur on a weekly basis. Five choices were given: 0-10 hrs, 10-20 hrs, 

20-30 hrs, 30-40 hrs, and óotherô (in which case they were asked to enter a time). The 

inclination is clear upon inspection of the raw data: 35 out of the 40 participants selected 

the intervals ranging from 0-10 and 10-20 hours per week as adequate for the mentoring 

interaction, and one participant indicated that 3 hours per week would be sufficient. 

Statistical analysis was conducted to assess significance. The multinomial test for this 

question confirms that no more than 20 hours per week are needed for the mentoring 

interaction to be effective.  

Q2D ï Q9D examine the program characteristics that promote mentee participation. The 

multinomial and 1-Sample Signed tests indicate that all but one (Q8D), of the proposed 

characteristics, promotes mentee participation. The null hypothesis in the 1-Sample 

Signed test for Q8D was rejected since the p-value < 0.05, suggesting a positive tendency; 

however, that result could not be confirmed in the multinomial test. In regards to the 

program characteristics that promote mentor participation, three of the proposed program 

characteristics had null hypothesis that could not be rejected: Q11D, Q13D, and Q14D 

had a p- value > 0.05. The corresponding multinomial tests for those questions confirm 

the results of the 1-Sample Signed test.  
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The last two questions for section D examined the corporate environment that promotes 

participation. The 1-Sample Signed test and the multinomial test indicate that the 

corporate environment elements captured in Q18D and Q19D promote program 

participation. 

Finally, the consensus measure for all questions in this section ranges from 0.605 to 

0.823, which indicates a convincing to overwhelming consensus strength. The consensus 

strength measure is also depicted in Table 7. 

4.4.1 ï Program Characteristics statistical analysis 

A. The results for the Multinomial test for Q1 (Mentor-Mentee interaction frequency) 

suggests that 3 to 20 hours per week are needed for the mentee-mentor interaction to be 

effective. The multinomial sample probability P_0-10hr + P_10-20hrs = 0.875, with 95% 

CI (from 0.732 to 0.958).  

B. The results of the 1-Sample signed (right-tailed test) for Q2 ïQ19 indicate that the 

majority of the questions have a positive tendency, namely a median > 3 and a P-value < 

0.05. The exceptions are Q11, Q13, and Q14; which have a P-value > 0.05, which implies 

that the test fails to reject null hypothesis. 

 C. The results for the multinomial test for Q2-Q19 suggest that the upper bound for the 

95% confidence interval is greater than 0.6 for the majority of the questions, except for 

Q8, Q11, Q13, and Q14. 

 D. For the agreement measure, the consensus strength for all questions in this section 

ranges from 0.605 to 0.823, which indicates convincing to overwhelming consensus
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Table 6:  Description of Part D Questions  



 

44 

 

 

 

 

Table 7:  Survey Statistical Analysis for Part D 
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4.5 ï Survey Results: Innovation and Knowledge Transfer (Part E) 

The descriptions of questions for section E are also captured in Table 8, and the 

relevant statistical analyses are captured in Table 9. The 1-Sample Signed test and the 

multinomial tests for Q1E and Q2E indicate there is enough evidence to suggest that 

mentoring in system engineering enhances innovation and knowledge transfer. The 

consensus measures for Q1E and Q2E are 0.771 and 0.769, respectively, which indicates 

overwhelming consensus strength.  

For Q3E to Q10E, three multinomial tests were conducted. The first multinomial test 

(Test 1) indicates that the system-thinking skills defined in Q3E, Q4E, Q5E, Q6E, Q8E, 

and Q10E promote innovation.  The second multinomial test (Test 2) indicates that the 

system-thinking skills defined in Q5E, Q7E, and Q9E promote knowledge transfer. The 

third multinomial test (Test 3) assesses which of the proposed system-thinking traits 

promote neither innovation nor knowledge transfer. The results of this test indicate that 

all the proposed system-thinking traits promote innovation, knowledge transfer, or both, 

as is the case with the system-thinking trait captured in Q5E. 

4.5.1 ï Innovation and knowledge transfer statistical analysis 

A. The results of the 1-Sample signed test (right-tailed) for Q1 ï Q2 indicate that both 

questions have a positive tendency, namely a median > 3 and a P-value < 0.05.  

B. The results for the multinomial test for Q1 and Q2 in this section confirm that there is 

enough statistical significance since P_A + P_SA = 0.7, and 1.00 for Q1 and Q2, 

respectively. The upper bound for the 95% confidence interval is greater than 0.6 for both 

Q1 and Q2.  
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 C. For the agreement measure, the consensus strength is 0.769 and 0.771 for Q1 and Q2, 

respectively. 

D. One of the main goals of this section was to establish with enough statistical 

significance which of the system-thinking traits promotes innovation, knowledge transfer, 

or neither; therefore, three (3) multinomial tests were conducted for Q3 - Q10. The first 

multinomial test was conducted to assess with enough statistical significance which of the 

proposed system-thinking traits promote innovation. Similarly, the second and third 

multinomial tests were conducted to assess (with enough statistical significance) which of 

the system-thinking traits promotes knowledge transfer and neither innovation or 

knowledge transfer.  

D1. Results for Multinomial test (Q3-Q10): For Test 1 (P_Innovation), the upper bound 

for the 95% confidence interval is greater than 0.6 for Q3, Q4, Q5, Q6, Q8, and Q10.    

D2. Results for Multinomial test (Q3-Q10):  For Test 2 (P_KT), the upper bound for the 

95% confidence interval is greater than 0.6 for Q5, Q7and Q9 

D3. Results for Multinomial test (Q3-Q10): For Test 3 (P_Neither), the upper bound for 

the 95% confidence interval is less than 0.6 for all questions 
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Table 8:  Description of Part E Questions  
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Table 9:  Survey Statistical Analysis for Part E 
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4.6 ï Survey Results: Item Analysis 

The item analysis results are captured in Table 10.  The composite Cronbachôs 

alpha value for the survey is 0.9139, which suggests an excellent reliability as described 

in the assessment guidelines in (George & Mallery, 2003; Kline, 1999). 

 

Table 10: Survey Reliability - Item Analysis 
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4.7 ï Detailed results and methodology specifics 

 

APPENDIX C contains the specifics of the methodologies used to assess the statistical 

significance of the data: descriptive statistics, 1-sample signed test, multinomial test, and 

survey reliability (Item analysis). Links to the various sections are presented next: 

 C.1. Descriptive statistics 

 C.2. Sample Signed test 

 C.3. Multinomial Test 

 C.4. Survey Reliability (Item Analysis) 

APPENDIX D contains the specifics of the consensus strength model utilized to assess 

the ñagreement levelò among participantsô responses, which complemented the initial 

assessment of the statistical significance of the data. Links to the consensus strength 

sections is presented next: 

 D.1. Consensus as a measure of dispersion of ordinal data 

 D.2. Consensus model 

 D.2.1 ï Consensus measure of selection process of mentees/apprentices 

 D.2.2 ï Consensus measure of selection process of mentors/assessors 

 D.2.3 ï Consensus measure of program characteristics 

 D.2.4 ï Consensus measure for benefits of system-thinking 

A final summary of all the results of the research is presented in Table 11. The column 

capturing the final recommendation for each proposed element provides the final 

assessment with respect to the inclusion or omission of that element in the proposed 

apprenticeship program.  
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Table 11: Summary of Final Survey Results 
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Chapter 5 ï Discussion and Conclusions 

5.1 ï Survey results and apprenticeship program refinement 

In the research methodology presented in Chapter 3 ï Research 

Methodology, section 3.3 ï Mapping of survey questions to dissertation research 

contains a mapping of the survey questions to the research in this dissertation.  

Figure 18 is presented to reiterate how each of the survey questions is used in this 

research study, and how the survey results translate into the refinement of the proposed 

system-thinking apprenticeship program. 

The Role of System Thinking Development on Enterprise Transformation

Focus of training: System Thinking

Innovation Knowledge Transfer

Results translates into the development of the 
proposed system-thinking apprenticeship program

Survey Research methodology

Part A: Demographics

Part B: Candidate selection Process
Q1B  ς Q10B: Cognitive
Q11B ς Q21B: Engineering

Q22B ς Q27B: Behavioral

Part C: Mentor selection Process
Q1C - Q10C: Mentor characteristics

Part D: Program characteristics
Q1D: Freq of interaction
Q2D ς Q9D: how to promote apprentice participation
Q10D ς Q17D: how to promote mentor participation
Q18D - Q19D: Corporate environment that promotes participation

Part E: Benefits for enterprise 
Q1E  ς Q2E: Benefits for enterprise transformation

Q3E ς Q10E: System-Thinking traits to promote

Research: Methodology for system-thinking 
training for systems engineers

 Type of program

Training Methodology: Apprenticeship

Experiential Learning Environment

 Apprenticeship program design

Selection process: Prioritizes competences of 
system engineers that are likely to succeed

Selection process: Examines characteristics of 
mentors for the proposed program

Freq. of interaction: Suggests optimum mentee-
mentor dyad frequency of interaction

Strategies for participation: Prioritizes program 
characteristics that promote participation

Program benefits: Examines benefits of system-
thinking training and formal mentoring programs 

on innovation and knowledge transfer

System thinking benefits: Examines which 
system-thinking traits promote innovation and 

which promote knowledge transfer

During challenging market conditions enterprises focus on workforce 
training that promotes innovation and institutional memory

 
 

Figure 18: Survey results and apprenticeship program refinement 
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5.1.1 ï Section A conclusions for proposed apprenticeship program 

There are no conclusions derived from the demographic section of the survey. 

This section was utilized only to qualify participants for the survey, to assess their level 

of experience in systems engineering field, and to assess their exposure to any type of 

mentoring in systems engineering.  

5.1.2 ï Section B conclusions for proposed apprenticeship program 

In general, the statistical analysis of section B (mentee selection process) indicates 

that it is appropriate to utilize the cognitive, engineering, and behavioral competences 

defined in (Frank, 2006) as a tool to select potential system engineering professionals for 

the proposed apprenticeship program. Every element of section B was accepted except 

for Q8B, which captures the ability of an engineer to understand a new system 

immediately upon presentation. The results suggest such competence should be left as an 

optional discriminating factor in the selection process of candidates. 

5.1.3 ï Section C conclusions for proposed apprenticeship program 

The statistical analysis of section C (mentor selection process) indicates that it is 

appropriate to focus on seven of the eight essential mentoring characteristics researched 

in this study. There was not enough evidence to accept or reject Q2C, which corresponds 

to the recommendation of including a formal certification in system engineering as a 

prerequisite in the mentor selection process.  The statistical analysis suggests this element 

should only be considered as an optional discriminating factor in the selection process of 

mentors for the apprenticeship program. 
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5.1.4 ï Section D conclusions for proposed apprenticeship program 

The statistical analysis for section D suggests that 3 to 20 hours per week are 

sufficient for an effective mentee-mentor dyad interaction. This is in line with the 

concepts described in (Spitzmuller & Van Dyne, 2013), which suggest mentoring should 

allow for independent thinking, implying the interaction should be limited to allow 

mentees to learn and ósystem-thinkô on their own.  All but one of the recommended 

elements captured in questions (Q2D-Q9D) could be used to promote mentee 

participation. The exception is Q8D, which corresponds to the claim that program 

participation enhances the menteeôs compensation package or salary. Additionally, five 

of the eight proposed elements were accepted as factors that can be utilized to promote 

mentor participation. Three were left as optional (Q11D, Q13D, and Q14D) since there 

was not enough evidence to neither accept nor reject them. Q11D, Q13D, and Q14D 

correspond to the claim that program participation enhances the mentorôs perception of 

job security, promotion opportunities, and better remuneration packages, respectively. 

Finally, a potential candidateôs perception of corporate sponsorship and commitment to 

the apprenticeship program (Q18D, Q19D) were accepted as elements that promote 

participation. 

5.1.5 ï Section E conclusions for proposed apprenticeship program 

For section E, the data indicates that the proposed system engineering mentoring 

program may enhance innovation and knowledge transfer. The findings also support the 

claims that the system-thinking skills to be developed in the apprenticeship program 

could promote enterprise innovation and knowledge transfer. 
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5.2 ï Summary of dissertation research questions and answers 

 

The objective of this study was to answer the original research question: What 

type of cost-effective developmental program can successfully train system engineering 

professionals by promoting enterprise innovation and while providing an institutional 

knowledge sharing mechanism that ensures system-thinking skills are transferred from 

generation to generation? 

In order to answer the main research question and any sub-questions, this 

dissertation research turned to the literature to develop a conceptual mentoring 

framework model that is suitable for system engineering professionals and that foments 

innovation and knowledge transfer. Once the model was developed, a survey instrument 

was conducted to validate or invalidate every aspect of the proposed model. A summary 

of the research questions and answers is provided next:  

Main research question: What type of program can be used to promote innovation and 

knowledge transfer in system engineering organizations? ï It was found that a formal 

mentoring program via experiential learning that develops system-thinking skills in the 

workforce accomplishes both of those goals, namely promoting innovation and 

knowledge transfer. 

 

a. How can an organization select potential participants that are likely to succeed in 

these programs? ï It was found that it is possible to use the cognitive, engineering 

and behavioral characteristics described in (Frank, 2006) as a selection 

mechanism for the proposed apprenticeship program. The only characteristic that 
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could not be confirmed nor rejected was the cognitive competence of an engineer 

that allows the engineer to understand a new system or concept upon presentation. 

This was left as an optional characteristic to be considered. 

 

b. How can an organization select potential qualified mentors for these programs? ï 

It was found that it is possible to use concepts from other fields, synthesized in the 

work by (Wanberg et al., 2003) in order to derive mentor characteristics that are 

relevant for system engineering apprenticeships. In summary, a mentor must:  

have good communication skills, have the willingness to mentor, have proven 

experience in systems engineering, possess good leadership skills, possess good 

assessment capability, be able to adapt to the need of the mentees, be flexible. The 

survey could not clearly accept nor reject the need for the mentor to have a formal 

system engineering certification by an independent system engineering agency; 

therefore, this characteristic was left as optional. 

 

c. How often does the mentoring interaction should occur for the experiential 

program to be effective? ï The research in this dissertation suggests that 3 to 20 

hours per week provide the participants with the balance needed in order for 

maximize learning in the apprenticeship program and still develop thoughts and 

ideas on their own. 

 

d. What program characteristics or outcomes promote mentee participation? ï The 

research in this dissertation suggests that it is important to emphasize for mentees 

the concept that they will be gaining hands-on experience, improving their 
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system-thinking capacity, improving their system engineering competences and 

performance in the enterprise, improving their image and exposure in the 

organization, and improving their chance for promotion as well as further 

opportunities for advancement in the organization. In general it was found that 

portraying the apprenticeship program as a program that helps mentees define an 

advancement plan and define their individual career goals may promote 

participation. 

 

e. What program characteristics or outcomes promote mentor participation? ï The 

research in this dissertation suggests that it is important to emphasize for mentors 

the concept that they will be helping a younger colleague, gaining recognition in 

the organization, improving organizational communication, and transferring 

important institutional knowledge in the enterprise. In general it was found that 

portraying the apprenticeship program as a program that contributes to the 

professional development of younger peers, contributes to the transfer of 

knowledge within the organization, and contributes to solidifying institutional 

memory in the organization are elements that should be promoted. Additionally, 

one last key element that should also be kept in mind is that the program should 

be promoted as a program of succession and not replacement.  

 

f. What corporate environment promotes workforce participation in this type of 

programs?  ï The research in this dissertation suggests that it is important for all 

potential participants to perceive the program as a program that has full corporate 

commitment and corporate sponsorship, so that it is seen as serious enterprise 



 

58 

 

investment in their workforce; therefore, the apprenticeship program should be 

promoted as a program that has the commitment and sponsorship of the enterprise. 

 

g.  What are the benefits of system thinking development for enterprise 

transformation?  ï The research in this dissertation suggests that the proposed 

system-thinking apprenticeship program for system engineering professionals 

may promote enterprise innovation and knowledge transfer in a given 

organization. 

 

Additionally, since the system-thinking apprenticeship program for system 

engineers adopts the system-thinking elements in (Davidz & Nightingale, 2008, p. 9) 

as the traits to be promoted in the program,  the role of each of those traits was also 

explored. The research in this dissertation suggests some of those system-thinking 

skills promote innovation, some promote knowledge transfer, and some promote both; 

sub-questions h and i, present the results: 

 

h. What system-thinking traits promote enterprise innovation? ï The research in this 

dissertation suggests that the following system-thinking elements promote 

innovation: thinking broadly, curiosity, questioning, open-mindedness, tolerance 

for uncertainty, and thinking outside the box.  

 

i. What system thinking traits promote knowledge transfer? ï The research in this 

dissertation suggests that the following system-thinking elements promote 

knowledge transfer: questioning, communication, and strong interpersonal skills. 
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In summary, the major elements for the proposed program were derived from the 

research questions and from the answers to those questions. The final proposed system-

thinking apprenticeship program and its main elements are depicted in Figure 19.
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Figure 19: Experiential learning development for enterprise transformation 
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5.3 ï Research limitations 

5.3.1 ï Limited data on mentoring programs in systems engineering 

 One of the limitations of this study is the lack of research on mentorship programs 

in the field of system engineering.  The literature contains extensive work on mentorship 

programs related to nursing and medicine as well as education; however, mentorship 

research in the field of system engineering is still immature, especially in the field of 

experiential learning. This is seen as an opportunity for future research in the systems 

engineering field. Davidz, Nightingale, Martin, Frank and other researchers have 

conducted empirical studies on the development of system-thinking for novice system 

engineering professionals; however, there is still the need to conduct similar studies on 

more experienced mentors and assessors. The need for more empirical research for this 

and other system engineering topics is highlighted in the research by (Valerdi & Davidz, 

2009). The authors explain how more empirical work is needed to add to the body of 

knowledge of system engineering. Conducting empirical research in systems-thinking 

and systems engineering is also seen as an opportunity for future research. 

 As mentioned before, there is empirical system engineering research related to the 

development of system-thinking in the work by Davidz, Nightingale, Martin, and Frank; 

however, such research focuses on the candidates and mentees, not the assessors. It is 

important to recognize that conducting empirical studies on mentors and assessors could 

prove to be a daunting task since the availability of such subject matter experts is limited 

at best. These individuals usually work multiple programs and multiple tasks, and they 

are always in high demand.  Additionally, even if they were willing to participate in a 

field study, there are usually just a handful of experts in each company, which means a 
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smaller sample space to analyze. The lack of professional system-thinking experts is 

precisely why the immediate need to develop younger comer-uppers in the system 

engineering field is highlighted. Such developmental programs are seen as critical for the 

future sustainability of many enterprises, especially those enterprises highly dependent on 

the system-thinking skills of their workforces. 

5.3.2 ï Human resources role on the proposed apprenticeship program 

Another limitation in this dissertation relates to the role of Human Resources (HR) 

on the selection process of individuals for the apprenticeship program. The proposed 

apprenticeship program focuses on a pool of system engineers that are assumed to be 

already working for a given enterprise, and not in the context of new hires. However, as 

explained in (Marsden, 1994), most enterprises use recruitment methodologies that 

consider both internal and external applicants for any given positions; some of the 

advantages and disadvantages of internal and external hiring are outlined in (Bidwell, 

2011).  

Regardless of the program being for new hires or for existing employees, the 

human resources department should always be involved in any hiring process to combat 

prejudice and to ensure a fair and balanced process (Disney, 1994). In fact, as illustrated 

in (Savill, 1995), HR plays an even greater role in larger companies because it is within 

their internal hiring processes where most issues may occur. The research by Savill 

describes the need for some large companies to overhaul their recruitment processes in 

order to encourage promotion opportunities and facilitate internal transfer amongst 

existing employees (1995). 
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The role of Human Resources is critical to preventing discrimination issues in the 

selection process of candidates for the proposed program. In addition to legitimatizing the 

selection process, (Hunter, Cushenbery, & Friedrich, 2012) suggest the involvement of 

HR is also critical in the development of screening mechanisms of candidates, since it 

ensures the recruitment of the most qualified and talented individuals. 

This dissertation proposes the utilization of  the cognitive, engineering, and 

behavioral competences in (Frank, 2006)  as important characteristics to consider in the 

selection process of individuals that are likely to succeed in the proposed program. 

Additionally, this dissertation  proposes the mentor characteristics described in (Wanberg 

et al., 2003) as the basis to select appropriate mentors. However, the mechanism to assess 

if  potential candidates possess those characteristics needs to be developed in a manner 

that is consistent with the enterpriseôs HR guidelines and compliant with workplace rights 

and employment laws.  

The proactive involvement of HR in the selection process mechanism ensures 

guidelines are followed by outlining limitations on questions that are permitted to be 

asked (ODI, 2010) and provide process oversight during the final selection assessment of 

selected applicants (Hunter et al., 2012). 

Figure 20 captures a summary of the relevant Equal Opportunity Employment (EOE) 

Laws and a list of the protected categories described in (ODI, 2010). Those Laws and 

protected categories must be carefully considered during the selection process of 

candidates. 
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Figure 20: Equal Opportunity Employment and protected categories 

 

Figure 21 highlights the various processes in the selection mechanism in which HR 

should be involved. 

 

Figure 21: Human resources processes for proposed program 
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In summary, HR should be included in the development of the selection 

mechanism for candidates, the implementation of the selection process, and in the final 

assessment that results in the selection of candidates for the program.  

Figure 22 depicts the incorporation of HR guidelines in the selection process of 

participants for the proposed apprenticeship program. 

 

 

Figure 22: Human resources role on candidate selection process 
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5.4 ï Conclusion 

The importance of experiential learning in system-thinking development for 

professionals is supported by the literature.  As part of their investigation, Davidz and 

Nightingale examine current available programs for system thinking development. They 

find  that enterprises are using conventional programs that include ñeducation and 

training to develop system professionals.ò (2008, p. 10). The authors conclude that ñthe 

emphasis on experiential learning in the data suggests that purposeful experiential 

opportunities should be considered in development programs for systems professionalsò 

(Davidz & Nightingale, 2008, pp. 10ï11).  The findings of this dissertation are in line 

with the authorsô perspective, namely with the implication that experiential learning be 

used to foment system thinking learning capabilities in system engineers. In (Kaufman, 

Beghetto, Baer, & Ivcevic, 2010, p. 381) and when referring to experiential learning, 

researchers in the knowledge acquisition field capture it best by quoting one of the 

founding fathers:  ñ óTell me and I forget, teach me and I may remember, involve me and 

I learnô ï Benjamin Franklinò. 

In conclusion, the research in this dissertation indicates that encouraging system 

thinking development via experiential learning is of benefit to system engineering 

organizations since it promotes innovation and enhances knowledge transfer. These types 

of developmental programs are also of interest to enterprises looking to invest in training 

methodologies for their workforce in order to spark transformational changes that focus 

on innovation and long term sustainability.  
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APPENDIX A ï Detailed Conceptual Framework Model Development 

This appendix contains the details for the conceptual model development for the 

proposed apprenticeship program for system engineering professionals. 

A.1 ï System-thinking development 

In their research, Davidz and Nightingale highlight eight critical traits that should be 

promoted during the development of system engineers (2008), and Frank proposes a 

process to adequately select candidates who are likely to succeed in programs that 

promote system-thinking (2010). The research by Davidz and Nightingale focuses on 

enabling factors that promote system thinking. They particularly study factors that rapidly 

promote the ñdevelopment of system engineersò in the workplace (Davidz & Nightingale, 

2008, p. 1). The authors conduct an extensive field study in the aerospace industry and 

identify individual characteristics that promote system thinking development in system 

engineering professionals. Those individual characteristics can be found in (Davidz & 

Nightingale, 2008, p. 9) and are listed next:  

1) Individuals who think broadly (Thinking broadly) 

2) Individuals who are curious (Curiosity) 

3) Individuals who question (Questioning) 

4) Individuals who are open minded and receptive to new ideas (Open-mindedness)  

5) Individuals who have good communication skills (Communication) 

6) Individuals who have tolerance for the uncertain (Tolerance for uncertainty) 

7) Individuals who have strong interpersonal skills (Strong interpersonal skills) 

8) Individuals who are able to think outside the box (Thinking outside of the box)  
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These eight (8) characteristics are of relevance to this dissertation since they are used 

as the skills that need to be promoted during system-thinking development in engineers. 

A.2 ï Candidates Selection Process 

 Investing in workforce development is no different than investing in infrastructure 

or technology; in fact, there are those who argue that human capital is the most important 

element of an enterprise capability. In (Shijin, Gopalaswamy, & Acharya, 2012), the 

authors developed a model based on the previous work by Campbell (1996) to investigate 

the effects of human capital on the behavior of stock prices in Indian markets. The 

authors conclude that human capital investment is a ñsignificant factor affecting the price 

of securities.ò Moreover, they suggest that ñthere is a casual relationship between security 

prices and labor incomeò (Shijin et al., 2012, p. 157).   

 In the context of enterprise market adaptation and cost reduction strategies, other 

researchers suggest that investing in the labor force is an enabler for efficiency and 

productivity. They list workforce development as one of the ñlean enablers for systems 

engineeringò (Oppenheim, Murman, & Secor, 2011, p. 40). Needless to say, the ultimate 

goal is to develop successful and cost effective strategies that enhance workforce 

capability; therefore, part of the equation in the enterprise adaptation process must 

incorporate training strategies that focus on making smart decisions to invest wisely. This 

means that companies looking to enhance their human capital potential must be able to 

identify individuals that are likely to succeed in specialized developmental programs that 

require substantial investment. In order to implement a workforce development strategy 

that adequately addresses the need for enterprise transformation, it is necessary to focus 

on the workforce population that is likely to be successful.  
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 Focusing on individuals that are likely to succeed ensures that the enterprise 

resources allocated for these programs continue to be justified, especially as corporate 

sponsors conduct return on investment analyses. After all, the ultimate goal of the 

enterprise is the enhancement of its capabilities to maximize profits and to stay 

competitive.  These ñreturn on investmentò principles during enterprise transformation 

are also relevant to system engineering organizations as suggested in the work by Smartt 

and Ferreira (2012, p. 148). Research on system thinking and experiential learning 

emphasizes the importance of identifying system engineering professionals that are likely 

to succeed in programs focusing on system thinking development (Davidz & Martin, 

2011; Frank, 2006, 2010; Kasser et al., 2013). 

 In the paper ñDefining a strategy for development of system capability in the 

workforce,ò the authors describe how more enterprises are developing system thinking 

skills in their employees in order to meet their goals and objectives (Davidz & Martin, 

2011, pp. 144ï145). Furthermore, Davidz and Martin (2011, pp. 144ï145) describe 

various ways to develop these system thinking capabilities: 

Methods used to develop individual systems capability include: training courses, 

job rotation, mentoring, hands-on experience, hand-picking of individuals for key 

projects, university degree programs, customized educational programs, 

combination programs, and certificate programs. 

 Davidz and Martin (2011, p. 145) highlight the importance of adequately 

selecting individuals with ñhigh-potentialò in order to ñfocus on their development.ò 

They go on to describe how this method positively affects individuals who get 

ñpersonalized high-quality attentionò during their training; however, they suggest that the 
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drawback for this methodology relates to the definition of the ñselection criteriaò utilized 

in the selection process of qualified candidates. They conclude by recommending that the 

ñcriteria by which they are chosen should be carefully consideredò (Davidz & Martin, 

2011, p. 145).  Frank weights in on this subject by examining which attributes should be 

considered when selecting individuals for system thinking development. In his research, 

Frank studies the system thinking capacity of engineers. He refers to this concept as 

Capacity for Engineering System Thinking (CEST) (Frank, 2006). As part of his 

investigation, Frank (2006) conducts three studies and arrives at three conclusions that 

are of interest to this dissertation: 

I. He identifies and ranks ten general cognitive characteristics of engineers with 

high CEST. 

II.  He highlights the abilities of engineers with high CEST and points out how 

those abilities are useful in the various phases of system development. 

III.  He lists and ranks six behavioral competences of successful system engineers. 

 This dissertation investigates the utilization of Frankôs (2006) three sets of 

characteristics as the criteria to use in the selection process of individuals that are likely 

to succeed during system thinking development. For the cognitive characteristics of 

candidates, a set of surveys or interviews can be conducted with potential candidates and 

with previous managers of those individuals as part of the initial assessment process. The 

interviews with managers can be insightful and useful in the assessment process, but such 

step can also be a potential issue since a managerôs perspective regarding one of his/her 

subordinates is not always objective. For the framework development, the main 

recommendation is for the cognitive characteristics of candidates be assessed only as a 
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function of the individuals experience and in a series of interviews with the selection 

panel.  

 The second set of skills proposed by Frank relate to the abilities of engineers with 

high CEST and to the individualsô participation in various phases of system development. 

These characteristics can be objectively assessed by looking at the various programs and 

the various project phases in which the candidates have participated; Special attention 

should be given to the abilities that apply to all program phases: ñSeeing the future,  

using simulations and system engineering tools, optimizing, using systems design 

considerations, and conducting trade studiesò (Frank, 2006, p. 97).  Finally, the third set 

of characteristics recommended by Frank capture the candidateôs behavioral traits and 

individual characteristics that are likely to make that person a good candidate for system 

thinking development. Interestingly, these six characteristics are in line with the set of 

system thinking traits researched by Davidz and Nightingale (2008). Figure 23 illustrates 

how the behavioral characteristics identified by Frank (2006) can be mapped to the 

system thinking traits for development in system engineering professionals researched by 

Davidz and Nightingale (2008).  

Davidz and Nightingaleôs traits for 

the development of system 

thinking for systems engineers

Thinking broadly

Curiosity

Questioning

Open-minded

Communication

Tolerance for Uncertainty

Strong interpresonal skills

Thinking out-of-the-box

Frankôs Behavioral competences and individual 

traits

Management skills (team leader, building and 

controlling the work plan, defining boundaries, 

considering non-engineering factors, additional 

management skills)

Good human relations: Team player; good 

communication skills, good interpersonal skill

Autonomous & independent learner; strong learning 

skills

Willing to deal with systems

Curious, innovator, initiator, promoter, organizer

Ask good questions

 

Figure 23: Traits for development of system thinking for system engineers 
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 In another paper, Frank (2010) continues to research ways of selecting individuals 

that are likely to succeed in system engineering positions. The author develops a tool that 

can be used for the initial assessment of system engineering professionals with high 

CEST (Frank, 2010). Frank suggests that tool can be used to ñpredict those employees 

who can succeed and reject those who are likely to failò (Frank, 2010, p. 161).  This 

dissertation focuses on the studies by Frank in (2006, 2010); the main recommendation is 

for the selection process of individuals for apprenticeship programs be based on the 

assessment of the three characteristics described in those studies: General cognitive 

characteristics, abilities of engineers with high CEST, and behavioral characteristics of 

individuals. 

 

A.3 ï Mentor-Mentee Dyads 

 The role of a good mentor is critical in the learning process. A perfect example 

takes us back to Ancient Greece and the great philosophers of that era: Aristotle was 

Platoôs prize student, and Plato was Socratesô prize student. Although, no one can dispute 

that they were extremely talented individuals and perhaps some of the greatest thinkers of 

all times. This example confirms the importance of the teacher-student relationship is 

critical to the learning process. It can also be seen how the teachings of the mentor are 

absorbed by the mentee and expanded by the apprenticeôs own perspective. The end 

result translates into a cumulative acquired expertise shaped by knowledge and 

experience that adds to the body of knowledge of a given field of study. This concept is 

supported in the research work of Spitzmuller and Van Dyne (2013). In their research 

about proactive helping and mentoring, the authors describe how firms can create 



 

87 

 

mentoring programs in their organizations in order to promote learning.  They also 

recommend being aware of the risks associated with these programs, especially the ñrisk 

of creating dysfunctional dependenciesò between mentors and mentees (Spitzmuller & 

Van Dyne, 2013, p. 574). The authors suggest that the most important goal in the 

apprentice-mentor relationship focuses on successfully transferring skills from one 

person to another, all within a balanced environment that promotes independent thinking 

for the student and always guarding against mentor/mentee dependencies. The objective 

is to promote learning and knowledge transfer, not to end up with a clone of the mentor 

and most experienced system engineering professional.  

 An analogy comes to mind when explaining this relationship: the point is to water 

the garden with the appropriate irrigation system and trim the branches that need 

trimming and allow for the plant to grow on its own. Similarly, the role of the mentor is 

to teach and guide and then allow the student to arrive to conclusions on his/her own. It is 

by this process that innovation is promoted. The student may find new ways of doing 

things, perhaps more efficient, perhaps cheaper, perhaps faster.  

 Up to this point, the general traits and characteristics that should be enhanced and 

promoted in developmental programs for system engineering professionals have been 

identified. Additionally, a candidate selection process use to identify and select 

individuals that are likely to be successful in these programs has also been proposed. In 

the following sections, the role of the assessors and mentors in developmental programs 

is explored. First, the characteristics of good mentors for these types of programs are 

identified, and secondly, the program characteristics that may encourage mentors to 

participate in the apprenticeship programs are also considered. 
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A.4 ï Mentor Selection Process 

 Adequately selecting candidates that are likely to succeed in experiential learning 

programs is only part of the equation; selecting appropriate mentors and assessors for 

these programs is equally important. The framework development research continues by 

first examining general mentoring functions from the perspectives of both mentors and 

mentees, and by assessing the critical mentor characteristics needed in order to perform 

those functions. Finally, a mentor certification program is proposed in order to assess the 

mentorôs qualifications for system thinking mentoring.  

A.4.1 ï Conventional Mentoring Functions 

 The literature is replete with research on mentoring relationships; however, Kram 

is the researcher credited for conducting the first ñsystematicò investigation on mentoring 

relationships in modern organizations (Fowler & OôGorman, 2005, p. 51). In her 

research, Kram conducted an empirical study based on 18 mentee-mentor dyads. As part 

of her research findings, she identified two general characteristics of mentoring functions: 

Career functions and psychosocial functions (1980, 1985). The author defines 

sponsorship, exposure/visibility, coaching, protection, and challenging work assignments 

as career mentoring functions; Additionally, Kram defines role modeling, 

acceptance/confirmation, counseling, and friendship as psychosocial mentoring functions 

(1980). Kramôs work was expanded in an empirical study by Ragins and McFarlin 

(1990), who proposed two additional psychosocial mentoring functions to be added to 

Kramôs model: social and parent mentoring functions. Subsequent research by Scandura 

(1992, 1997) and Raabe and Beehr (2003) validate the pioneer research by Kram, Ragins, 

and McFarlin (1980, 1985; 1990). A synthesis of the most important empirical mentoring 
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studies was developed in (Wanberg et al., 2003).  In their work, the authors analyze over 

90 empirical studies related to mentoring and develop a conceptual framework for formal 

mentoring programs (Wanberg et al., 2003). This dissertation also identifies and 

references other research work on formal mentoring dyad relationships that promotes 

positive outcomes for both mentees and mentors (Wanberg, Kammeyer-Mueller, & 

Marchese, 2006; Wanberg, Welsh, & Kammeyer-Mueller, 2007). Figure 24 captures the 

conventional mentoring functions progression from 1980 to 2003. The conventional 

mentoring functions specified by Wanberg, Welsh, and Hezlett (2003) have been 

validated by over twenty years of research; hence, such mentoring methodologies are 

used to develop the conceptual framework model for building a formal apprenticeship 

program for system-thinking development. 

 

Figure 24: Conventional mentoring functions progression from 1980 to 2003 
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A.4.2 ï Mentor Characteristics 

 The characteristics of good mentors are not confined to specific fields; therefore, 

this dissertation focuses on the general characteristics a mentor must have in order to 

adequately perform the mentoring functions synthesized in the study by (Wanberg et al., 

2003). These functions are depicted in Figure 25. Additionally, several essential 

characteristics mentors must have in order to be successful in experiential development 

programs are derived and listed next: proven experience and leadership skills, good 

communication skills and the willingness to mentor, capability to adapt and be flexible, 

and the capability to assess prot®g®sô competencies and progress. 

 

Figure 25: Essential mentoring characteristics 

A.4.2.1 ï Proven Experience 

 The first mentoring characteristic to consider is expertise in the subject matter. 

Research suggests that the lack of expertise is a factor that negatively affects mentoring 

relationships (Eby, Buits, Lockwood, & Simon, 2004). The authors conducted a study 

with a sample of 84 protégés in order to assess negative experiences with their mentors. 
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The authors highlight lack of expertise as one of the root causes of ñnegative mentoring 

experiencesò and conclude that this factor is a contributor in the ñunsatisfactoryò 

performance of mentors (Eby et al., 2004, p. 414). This is also supported in studies that 

focus on the selection process of qualified research mentors for clinical and translational 

scientists presented in (Feldman et al., 2009); This study investigates the positive 

outcomes of two cohorts of faculty members that complete a mentor development 

program.  One of the conclusions of the study is that a mentor must have ñexpertise in the 

menteeôs scientific area,ò in order to be successful. Proven expertise is seen as a key 

characteristic in system engineering mentors. Generally speaking, the assessment of the 

technical expertise of an individual in an organization can be subjective. The individualôs 

qualifications, years of experience, or latest performance reviews, can be part of the 

consideration process used to arrive at a partial conclusion. This dissertation proposes 

that all of those factors be considered as part of the process; however, as Eby et al. 

explain, there are situations ñwhere a mentor may not be particularly adept technically 

(lack of mentor expertise)ò but that person could still be selected as a mentor ñdue to 

political connections within the organizationò (2004, p. 416). To guard against these 

types of issues, it is proposed that the expertise of all potential mentors also be evaluated 

through a formal system engineering certification process, which will be presented in the 

following sections. 

 

A.4.2.2 ï Leadership Skills 

 By definition, mentors should possess a good set of leadership skills in order to 

adequately guide protégés during their developmental phases. Basford and Molberg 
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investigate Carnegieôs leadership concepts from a theoretical and empirical perspective. 

They arrive at the conclusion that ñresearch offers remarkable support for each of 

Carnegieôs leadership principlesò (Basford & Molberg, 2013, p. 41). Each of Carnegieôs 

leadership principles is related to the career development and psychosocial support 

functions described in previous research (Wanberg et al., 2003, 2006, 2007).  For 

instance, good mentor leadership skills are needed to sponsor, protect, assess, and provide 

challenging work assignments for protégés to learn. Additionally, psychosocial support 

functions such as role modeling, counseling, and acceptance and confirmation are also 

traits of good leaders. 

A.4.2.3 ï Good Communication Skills 

 Another important characteristic of a good mentor relates to the mentorôs ability 

to communicate with his/her protégé. Not only is it critical for the mentor to be able to 

communicate important technical matters, but it is also important for the assessor to be 

able to effectively communicate non-technical issues (L. Anderson, Silet, & Fleming, 

2012; Butler & Cuenca, 2012).  Additionally, it has been shown that protégés can benefit 

from acknowledgement that the tasks have been done correctly, but the apprentice can 

also benefit from constructive criticism to correct mistakes made when implementing 

those tasks (Butler & Cuenca, 2012). The assumption for this dissertation research is that 

mentors should have the dexterity to communicate the positive and the negative, but all 

within a motivational environment that promotes learning rather than an environment of 

discouragement that sets the protégé back.  
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A.4.2.4 ï Willingness to mentor 

 A good mentor has the willingness to mentor. In order to be a good mentor, a 

person needs to have the motivation to participate in the development of a younger and 

less-experienced colleague; mentoring is not something that can be compelled, in fact, the 

desire to mentor is an inherent characteristic of an individual. Often times, mentorships 

are mandated in organizations rather than being promoted in a manner that encourages 

people to volunteer for those programs. Research in (Allen, Eby, & Lentz, 2006, p. 144) 

shows that people who are forced to mentor are less likely to participate in future 

mentoring programs; the authors also indicate that ñvoluntary participation may be the 

key to retaining willing mentors within a program across time.ò Enterprise 

transformational initiatives should promote programs for their employees by highlighting 

the benefits of those programs not by mandating their employees to participate; therefore, 

it is important that experiential learning initiatives target individuals that have the desire 

to mentor. The alternative to consider is that if a person is mandated to mentor, that 

person and the protégé are likely to have negative outcomes as a result. It is concluded 

that a personôs willingness to mentor is essential for a good mentoring relationship.  

A.4.2.5 ï Adaptability and competencies assessment 

 These two characteristics are analyzed together since they are related to each 

other. Contributing to the development of a younger colleague requires adaptability and 

flexibility on the part of the mentor. Assuming the initial mentor-mentee match has taken 

place, the dyad relationship will eventually require both parties to assess and adapt. Even 

if the developmental program is tailored for the apprentice, it is expected for the mentor 

to assess how the mentee is progressing through the program so that guidance can be 
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provided and so that ñmentors can develop opportunities for productive learningò 

(Bradbury, 2010, p. 1054). As mentioned previously, mentors need to have the flexibility 

to guide while promoting the prot®g®ôs independent perspectives and individual way of 

thinking, especially during system thinking development. In (Dunford, Yearworth, York, 

& Godfrey, 2012, p. 150), the authors describe how system practice can be enabled by 

ñtraining and mentorshipò,  but they also suggest that such training ñshould also 

emphasize the flexibility of the approachò. In addition, not all prot®g®s need the same 

amount of feedback as they progress through the various phases of the developmental 

program; therefore, the assessors need to adapt to the needs of the mentee at the various 

developmental phases. The importance of the mentorôs assessment at various points of 

the program is also recognized. The initial prot®g®ôs assessment should serve as the 

starting point for the developmental plan; however, the mentor should continue to 

monitor the apprenticeôs progress in order to adequately provide tasks that strengthen 

weaknesses. This assessment and guidance cycle repeats itself until the final assessment 

period, at which point the protégés are ready to take tasks on their own. 

A. 4.2.6 ï System engineering mentor certification 

 The mentor skills and characteristics described in the previous sections are 

important for mentors of all fields; therefore, a formal certification process to assess the 

system engineering capabili ty of potential mentors is also proposed. This certification 

process would accomplish two goals: First, given the extra step in the process, only 

individuals who already have those qualifications or individuals that have the desire to 

mentor would apply for these types of programs. Second, the inclusion of an independent 

entity in the certification program would mitigate the type of  biasing described in the 
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literature (Eby et al., 2004) since an individual would either be certified or not, as 

opposed to being chosen due to political connections in the organization. This formal 

certification process is an ingredient that could be added to the qualification process 

which should also include looking at the individualôs academic qualifications, years of 

experience, and latest performance reviews. In (Davidz & Martin, 2011, p. 147), 

researchers suggest that there are various ways to certify system engineering proficiency, 

which include academic certifications, ñindividual certifications,ò and ñorganizational 

certifications.ò A list of system engineering certifications is outlined in their article. The 

authors highlight the International Council on Systems Engineering (INCOSE) as a good 

source to find appropriate certification programs in system engineering. The individual 

certification process presented in (Davidz & Martin, 2011) is of relevance to this 

dissertation.  The utilization of the INCOSE multilevel system engineering professional 

(SEP) certification program could be recommended for the selection process of potential 

mentors.  There are three different SEP certification levels: ASEP, CSEP, and ESEP, 

which correspond to Associate, Certified, and Expert certification levels (INCOSE, 

2013). This dissertation proposes  only individuals with CSEP and ESEP certifications be 

considered as potential mentors for system engineering apprenticeships, and in some 

cases, depending on the scope of the projects and tasks, it is recommend that only 

individuals with ESEP certification be considered as potential mentors for more 

specialized programs. The need for enterprises and system engineering organizations to 

invest in these certification programs for their workforces is also emphasized. Finally, 

this dissertation recommends the endorsement of these certifications in systems 

engineering organizations. This dissertation also exhorts enterprises to adopt a reward 
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and remuneration structure that takes into account these formal certification processes for 

system engineering professionals. 

 

A.5 ï Critical Program Characteristics 

 In the conceptual process model of formal mentoring proposed by (Wanberg et 

al., 2003, p. 92), the authors look at ñproximal outcomesò and ñdistal outcomesò that 

result from formal mentoring. For protégés, the authors suggest that the extrinsic distal 

outcomes relate to promotions and compensation, and the intrinsic outcomes relate to job 

and career satisfaction. For mentors, the implication is that the extrinsic outcomes also 

relate to promotions and compensation but to a lesser level. From an enterprise point of 

view, the authors argue that these types of programs positively affect enterprise 

commitment, retention, communication, succession, institutional memory, and 

productivity and performance (Wanberg et al., 2003). By examining the distal outcomes 

proposed in the literature for both protégés and mentors, two important characteristics 

that make apprenticeship programs more appealing to the participants are highlighted:  

1) Clear and defined advancement goals for the protégés 

2) An atmosphere of succession rather than replacement for the mentors 

 

A.5.1 ï Protégés: Advancement and Promotion 

 In the conceptual process model of formal mentoring proposed by Wanberg, 

Welsh, and Hezlett (2003, p. 92), the authors examine ñproximal outcomesò and ñdistal 

outcomesò that result from formal mentoring programs. The researchers ñconceptualize 

formal mentoring as a potential means for advancing and individualôs career successò 
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(Wanberg et al., 2003, p. 91). They suggest career advancement and promotions are 

enhanced by participating in formal mentoring. This is also supported in the work of 

Gosh and Reio, who argue that mentoring outcomes for participants include 

ñcompensation and promotionò (Ghosh & Reio, 2013a, p. 107). Other studies also 

suggest that protégés that participate in mentoring programs achieve salary increases, 

faster promotions, and faster advancement in their organizations (Browne-Ferrigno & 

Muth, 2006; Egan & Song, 2008; Ensher, Thomas, & Murphy, 2001; Ghosh & Reio, 

2013b; Russell, 1991; Waters, McCabe, Kiellerup, & Kiellerup, 2002). 

 Since a plethora of studies have validated advancement and promotions as positive 

outcomes for protégés participating in formal mentoring relationships, this dissertation 

recommends that this program characteristic be used to promote participation of younger 

system engineers in developmental mentoring programs.  This dissertation also exhorts 

system engineering organizations to look for other positive outcomes to promote in their 

formal mentoring programs to encourage participation. 

 

A.5.2 ï Mentors: Succession and not replacement 

 In (Wanberg et al., 2003), positive outcomes for assessors who participate in 

mentoring programs are validated.  Promotions, compensation, career satisfaction and 

recognition are some of these positive outcomes for mentors (Wanberg et al., 2003). 

However, this dissertation research focuses on program characteristics that may 

negatively affect a potential mentorôs decision to participate in a formal mentoring 

program. The main assumption is that system engineering experts are well remunerated 

and have a high level of recognition within the organization; therefore, the focus is on 
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aspects that can relate to a mentorôs perception of job security. As enterprise 

transformation takes place as the result of challenging market conditions, companies are 

forced to go through workforce reduction episodes to meet short term goals related to 

lowering operational budgets. However, these short-sighted goals are in fact detrimental 

for the enterprise in the long run.  One of these decisions relates to the short term 

necessity to cut costs, and it is easier to keep a young engineer who is at the beginning of 

his career and earns a fraction of the salary of an expert professional with 30 years of 

experience. Additionally, individuals that have been with a company for many years have 

accrued more vacation days and better benefits; so in general terms, these individuals 

become a commodity during challenging market conditions, especially if there is not 

enough work to keep them busy. The only bargaining chips for the expert professionals 

are their experience and the knowledge accumulated over decades of dedication. Hence, 

why should they share that knowledge with a younger engineer that could be seen as a 

potential competitor threatening their job security? Although the question is rhetorical in 

nature, this is a valid point from the mentorôs perspective, especially during challenging 

times. For instance, during recent times the topic of sequestration (Cook, 2013) resonated 

in all enterprises, and many companies had no choice but to layoff valuable employees. 

After a company goes through a wave of layoffs, remaining employees are less likely to 

share their expertise with other peers, since it was probably that expertise that kept them 

employed in the first place. Researchers in the field of knowledge sharing argue that this 

type of conflicts of interest are not unusual and suggest various ways to mitigate the 

negative connotation often associated with knowledge transfer (Yang & Wu, 2006). It is 

then recommended to focus on promoting a program of succession rather than 
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replacement. The conclusion is that system engineering developmental programs can 

only be successful if the program qualifies itself as a program of succession rather than a 

program of replacement. 

 

A.6 ï System Thinking Development for Enterprise Transformation 

 The last aspect of the framework conceptual model development explores the 

effects of system thinking development on enterprise transformation. Two main benefits 

that result from training the workforce via experiential-learning developmental programs 

are examined: Innovation enhancement and knowledge transfer. 

 

A.6.1 ï Innovation for enterprise competiveness enhancement 

 Research in (Siddiqui, 2012, p. 353) shows that workforce development has 

positive outcomes for enterprises. Siddiqui argues that ñhuman capitalò is ñpositively 

related to the organizational productivity since implementation of creative ideas and 

innovations do improve the organizational outcomesò.  In the context of systems 

engineering mentoring, when younger engineers begin to develop system thinking skills, 

they use their own experiences and knowledge and begin to find innovative ways to solve 

complex problems. For example, younger engineers have grown up experiencing 

technological advances never experienced before, so that gives them an edge in many 

aspects. Now, experienced (and older) engineers have accumulated a set of skills that 

allow them so see the big picture, but sometimes, they are so used to doing things in a 

particular way that innovation opportunities are missed. Training younger engineers and 

allowing them to propose and explore different possibilities translates into finding cost 
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effective solutions to complex problems, which in turn enhances competiveness in the 

market place. In the next section, an article by (Marcinkus Murphy, 2012) is cited. The 

article focuses on reverse mentoring. Reverse mentoring is a perfect example of 

innovation at its core. The concept is simple: younger engineers mentor older (more 

experienced) engineers to promote innovation. Other authors highlight the mentor-

protégé interactions as a successful strategy to create innovative products. They refer to 

engineers, technicians and scientists as: òpeople-based resourcesò and suggest that ñit is 

thus reasonable to conclude that people resources are very important to process 

innovation successò (Parthasarathy, Huang, & Ariss, 2011, p. 65). They suggest that 

knowledge transfer plays a critical role on innovation. 

 

A.6.2 ï Knowledge sharing for enterprise sustainability 

 Another positive outcome of experiential learning mentorship programs is 

knowledge transfer. The literature is replete with studies about the effects of knowledge 

sharing on enterprise sustainability (Christopher & Tanwar, 2013; Foo, Ng, Lee, & Gan, 

2012; Mohammadi, Khanlari, & Sohrabi, 2010; Perez-Soltero, Amaya-Melendrez, & 

Barcelo-Valenzuela, 2013).  All these studies suggest that knowledge transfer and 

knowledge management are essential for an organization to maintain its competitive 

edge, especially during challenging market conditions. A study of knowledge sharing in 

the system engineering field also highlights the importance of knowledge transfer: 

Fagerström and Olson conducted a study on knowledge management for product 

development and they suggest that knowledge management is necessary but ñit is 

difficult to force knowledge transfer on someoneò (2002, p. 276). They also discuss how 
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knowledge transfer is critical for enterprise sustainability and assert that ñin order to 

foster knowledge in organizations, all attempts to gain new knowledge must be fostered, 

even if they sometimes fail (Fagerström & Olsson, 2002, p. 276). Additionally, system 

engineering researchers in (Davidz & Martin, 2011; Davidz & Nightingale, 2008) agree 

that apprenticeship programs are an effective way of transferring knowledge from most 

experienced professionals to junior and less experienced professionals. However, one 

concept that is seldom considered is the possibility of knowledge transfer from the less 

experienced individual to the most experienced professional. Knowledge sharing theory 

emphasizes that knowledge transfer is not unidirectional but rather the final goal is to 

transfer knowledge in all directions. In the article ñReverse mentoring at work: fostering 

cross-generational learning and developing millennial leaders,ò (Marcinkus Murphy, 

2012) describes how knowledge is not unidirectional and researches a scenario where it is 

younger and less experienced employees who mentor older (and more experienced) 

peers. The author describes how ñreverse mentoring is an innovative and cost-effective 

professional developing tool that capitalizes on building bridges between generationsò 

(Marcinkus Murphy, 2012, p. 550). The authors see this concept not only as a tool to 

transfer knowledge in the workplace, but she also sees reverse mentoring as a cost-

effective model to enhance innovation.
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APPENDIX B ï Survey instrument sent to participants 

B.1 Survey Title and instructions for participants 

 

PART A- Demographics

PART B - Mentee Selection Process

PART C - Mentor Selection Process

PART D - Program Characteristics

PART E- System thinking benefits

BRIEF TUTORIAL Definition Field
Strongly 

disagree Disagree

Neither Agree 

nor disagree Agree

Strongly 

agree Selection count

EXAMPLE

This field will turn green when an "X" 

is placed in one of the selection 

fields. Try it --------------------------------> 0

General Directions:

A. Fill out demographics information (Please fill in all the applicable information)

B.  Mentee/Apprentice: Selection process (Please select the choice that best describes your opinion)

C: Mentor/Assessor: Selection process (Please select the choice that best describes your opinion)

D. Program characteristics that promote participation (Please select the choice that best describes your opinion)

D1:  Select the appropriate choice for frequency of interaction between mentors and mentees

D2.  Select the choice that is more likely  to promote mentees program participation

D3:  Select the choice that is more likely  to promote mentors program participation 

D4:  Slect the choice that best describes your opinion about a corporate environment that promotes participation

E: System thinking and enterprise transformation (Please select the choice that best describes your opinion)

E1. System thinking and its role on innovation and knowledge transfer 

E.2 System thinking traits and innovation and knowledge transfer

SURVEY TITLE:  Assessment of formal mentoring programs suitable for system engineering 

professionals

Purpose:  For the assessment of system-thinking development via formal mentoring in experiential learning programs. We also 

study the role of such programs on enterprise innovation and knowledge transfer for enterprise sustainability. 
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B.2 Part A: Demographics questions 

 

 

 

 DEMOGRAPHICS

Years in systems engineering

OR

Years in systems engineering sub-discipline

Name of sub-discipline (if applicable)

Highest education level (BS, MS, PHD)

Title

Organization size (# of employees)

Mentoring experience Y/N

Have you ever been mentored in system engineering?

Have you ever mentored someone in systems engineering?

Comments/ Recommendations

PART A:  Demographics
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B.3 Part B: Mentee selection process 

 

Competence Type

Potential Mentees/Apprentices with the following characteristics are likely to 

succeed in system-thinking development programs? 

Strongly 

disagree Disagree

Neither Agree nor 

disagree Agree

Strongly 

agree

Understanding the whole system and seeing the big picture

Understanding interconnections

Understanding systems synergy

Understanding system from multiple perspectives

Thinking creatively

Understanding system without getting stuck on details and tolerance for 

ambiguity and uncertainty

Understanding the implications of proposed changes

Understanding a new system/concept immediately upon presentation

Understanding analogies and parallelism between systems

Understanding limits to growth

Analyzing the need

Analyzing and developing the concept of operations

Requirements analysis

Conceptualizing the solution

Generating the logical solution - functional analysis

Generating the physical solution - architecture synthesis

Seeing the future

Using simulations and systems engineering tools

Optimizing

Using systems designs considerations

Conducting trade studies

Good management  skills

Good human relations

Autonomous and independent learner

System oriented

Curiosity and innovation

Ask good questions

PART B: The following individual competences should be considered in the selection process of Mentees/Apprentices? 

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATE COLUMN; THE DEFINITION FIELD WILL TURN GREEN WHEN AN "X" 

IS PLACED IN ONE OF THE SELECTIONS)

Cognitive 

competences

Behavioral 

competences

Engineering 

competences
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B.4 Part C: Mentor selection process 

 

 

 

  

Competence Type ! ƎƻƻŘ ƳŜƴǘƻǊ ǎƘƻǳƭŘΧ

Strongly 

disagree Disagree

Neither Agree nor 

disagree Agree

Strongly 

agree

have proven experience in system engineering
have formal certification by an independent systems engineering 
possess good leadership skills
be a good communicator
have the willingness to mentor
be able to adapt to the needs of the mentees
be flexible 
possess good assessment capability

PART C: The following individual characteristics should be considered in the selection process of Mentors/Assessors? 

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATE COLUMN; THE DEFINITION FIELD WILL TURN GREEN 

WHEN AN "X" IS PLACED IN ONE OF THE SELECTIONS)

Essential mentor 

characteristics
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B.5 Part D: Frequency and characteristics that promote participation 

 

Definition

0-10 hrs 

/week 10-20 hrs /week 20-30 hrs /week

30-40 hrs 

/week Other

Frequency of 

Interaction

For effective system engineering mentoring in experiential learning 

programs, mentors and mentees should interact how many hour per 

week? 

(PLEASE SELECT ONLY ONE OPTION)

 (Definition of system engineering experiential learning = 

apprenticeship programs for professionals, hands-on learning, learning 

from experience)

Program participation will provide/enhance

Strongly 

disagree Disagree

Neither Agree nor 

disagree Agree

Strongly 

agree

Useful hands-on experience

System thinking traits in participant

Participant's system engineering competencies

Participant's performance in the enterprise

Participant's image and exposure in the enterprise

Mentees' promotion opportunities

Mentees' compensation package

Defined and structured advancement plan

Program participation will provide/enhance

Strongly 

disagree Disagree

Neither Agree nor 

disagree Agree

Strongly 

agree

Mentor's satisfaction of helping a younger colleague

Mentor's job security

Mentor recognition

Mentor's promotion opportunities

Mentor's compensation package

A path of succession and not replacement

Organization communication

Institutional memory (knowledge transfer)

Program participation will provide/enhance

Strongly 

disagree Disagree

Neither Agree nor 

disagree Agree

Strongly 

agree

Corporate sponsorship is essential for a successful experiential 

learning program based on formal mentoring

Corporate commitment is essential for a successful experiential 

learning program based on formal mentoring

PART D: Program characteristics to be considered: Frequency of interaction, characteristics that promote mentee and mentor 

participation

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATE COLUMN; THE DEFINITION FIELD WILL TURN GREEN WHEN AN 

"X" IS PLACED IN ONE OF THE SELECTIONS)

Program 

characteristics 

that promote 

mentee 
participation

Program 

characteristics 

that promote 

mentor 
participation

Corporate 

environment 
that promotes 

participation
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B.6 Part E: System-thinking benefits for enterprise transformation 

 

Benefits for enterprise transformation

Strongly 

disagree Disagree

Neither Agree nor 

disagree Agree

Strongly 

agree

Formal mentoring programs for system 

engineering professionals enhance enterprise 

innovation

Formal mentoring programs for system 

engineering professionals enhance knowledge 

transfer for enterprise sustainability

System thinking traits

Promotes 

Innovation

Promotes 

Knowledge 

transfer

Does not promote 

neither

Thinking broadly

Curiosity

Questioning

Open-minded

Communication

Tolerance for uncertainty

Strong interpersonal skills

Thinking out-of-the-box

PART E: Benefits of system thinking for enterprise transformation 

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATE COLUMN; THE DEFINITION FIELD WILL TURN 

GREEN WHEN AN "X" IS PLACED IN ONE OF THE SELECTIONS)

Formal mentoring 

programs on 

system thinking and 

their role on 

enterprise 

transformation

System thinking 

traits and 

innovation and 

knowledge transfer
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APPENDIX C ï Detailed Results of Statistical Analyses 

This appendix contains the specifics of the methodologies used to describe and 

assess the statistical significance of the data from the survey research. Those 

methodologies are:  C.1. Descriptive statistics; C.2. Sample Signed test; C.3. Multinomial 

Test; and C.4. Survey Reliability (Item Analysis). 

C.1. Descriptive statistics 

These are statistics used to describe the survey data and carry no statistical 

significance. As specified in (Stevens, 1946), the median and mode are used to assess 

central tendency and the range and inter quartile range (IQR) are used to assess 

dispersion and to find outliers in the data. 

C.1.1. Survey Section B: Candidate selection process 

The main purpose of section B was to assess if the cognitive, engineering, and 

behavioral competences described in the work by Frank (2006, pp. 94, 97, 100) could be 

used in the selection process of mentees, so that only participants that are likely to 

succeed are accepted into the program. The first set of questions for section B asked the 

participants which of Frankôs individual cognitive competences are characteristics of 

system engineers that are likely to succeed. The results indicate that 60% or more of the 

participants agreed that 9 out of the 10 cognitive competences described by Frank are 

relevant to the proposed program.  Question 8, which captures the ability of an engineer 

to understand a new system immediately upon presentation, exhibits a neutral tendency. 

The results are captured in Figure 26, and the competences are ranked in order of 
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relevance; the median for each question was calculated and used to sort the 

characteristics in descending order. 

 

Figure 26 Survey ï Ranked cognitive competences 

 The second set of questions in section B asked the participants which of Frankôs 

individual engineering competences are characteristics of system engineers that are likely 

to succeed and hence be considered in the selection process.  The survey results indicate 

60% or more of the participants agree that all (11 out of 11) of Frankôs engineering 

competences can be used as discriminating factors in the menteeôs selection process. The 

results are captured in Figure 27, and the competences are ranked in order of relevance. 

The third and final set of questions in section B were used to assess which of 

Frankôs behavioral characteristics are traits of system engineering professionals that are 

more likely to succeed in the proposed program. The results indicate that 60% of the 

participants agree that all of Frankôs behavioral characteristics (6 out of 6) should be 

0% 20% 40% 60% 80% 100%

Q1. Understanding the whole system and seeing the big picture

Q2. Understanding interconnections

Q4. Understanding system from multiple perspectives

Q7. Understanding the implications of proposed changes

Q3. Understanding systems synergy

Q5. Thinking creatively

Q6. Understanding system without getting stuck on details and 
tolerance for ambiguity and uncertainty

Q9. Understanding analogies and parallelism between systems

Q10. Understanding limits to growth

Q8. Understanding a new system/concept immediately upon 
presentation

Cognitive competences of mentees likely to 
succeed in system-thinking developmental 

programs ( Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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considered in the selection process. The results are captured in Figure 28, and the 

competences are ranked in order of relevance (median was calculated and the 

characteristics were sorted in descending order). 

 

Figure 27:Survey ï Ranked engineering competences 

0% 20% 40% 60% 80% 100%

Q14. Conceptualizing the solution

Q11. Analyzing the need

Q12. Analyzing and developing the concept of operations

Q13. Requirements analysis

Q15. Generating the logical solution - functional analysis

Q16. Generating the physical solution - architecture synthesis

Q17. Seeing the future

Q18. Using simulations and systems engineering tools

Q19. Optimizing

Q20. Using systems designs considerations

Q21. Conducting trade studies

Engineering competences of mentees likely to 
succeed in system-thinking developmental 

programs ( Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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Figure 28: Survey ï Ranked behavioral competences 

 

C.1.2. Survey Section C: Mentors/Assessors selection process 

 The main purpose of section C was to investigate the proposed methodology to 

select adequate mentors for the proposed system engineering mentoring program. The 

results indicate that more than 80% of the participants agree with 7 out of the 8 proposed 

characteristics and see those characteristics as important in the selection process of a 

system engineering mentor.  

 The characteristic/competence that exhibits a neutral tendency corresponds to the 

recommendation to require mentors to be certified by an independent system engineering 

agency (Question 2).  The median statistic shows a level of neutrality in the data, but the 

graphical description captures a slight negative tendency. For this question, 40% of the 

participants disagreed, 35% remained neutral, and 25% agreed with the recommendation. 

0% 20% 40% 60% 80% 100%

Q26. Curiosity and innovation

Q22. Good management  skills

Q23. Good human relations

Q24. Autonomous and independent 
learner

Q25. System oriented

Q27. Ask good questions

Behavioral competences of mentees likely to 
succeed in system-thinking developmental 

programs (Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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Given the high percentage of neutrality in the responses for this question, it cannot be 

ascertained with enough confidence if such recommendation should or should not be 

included in the proposed program. As an afterthought of the survey development process, 

the polarization of the responses and the high percentage of participants that remained in 

a neutral position indicate the question was presented in terms that were too general and 

broad for the participants to make an appropriate assessment.  This is an opportunity for 

further research, namely if enough details about the certification process are provided and 

the reasons for the recommendation are further described, it is possible to see a shift 

towards a positive tendency in the responses. The results for this section are captured in 

Figure 29. The mentor characteristics/competences are ranked in order of relevance (the 

median was calculated for each of the characteristics and the data was sorted in 

descending order). 

 

Figure 29: Survey ï Ranked mentor characteristics 

 

0% 20% 40% 60% 80% 100%

Q1. have proven experience in system 
engineering

Q4. be a good communicator

Q5. have the willingness to mentor

Q3. possess good leadership skills

Q6. be able to adapt to the needs of the 
mentees

Q7. be flexible 

Q8. possess good assessment capability

Q2. have formal certification by an 
independent systems engineering agency

Mentor  characteristics essential for system-
thinking developmental programs 

( Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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C.1.3. Survey Section D: Program characteristics that promote participation 

 The main purpose of section D was to study the program characteristics that 

promote candidate participation (for both mentees and mentors). First, the survey 

participants were asked how frequently they think the mentoring interaction should occur. 

50% of the participants (N=20) thought that 0-10 hours per week were sufficient. 37% 

(N=13) thought that 10-20 hours per week were enough. And 10% (N=4) thought that 20-

30 hours a week would be adequate. Finally, 1 participant selected the ñotherò category 

when answering, and then stated in the comments section that he/she thought that only 2 

to 3 hours per week should be allocated to the mentoring interaction. The results for this 

section are captured in Figure 30.  

 

Figure 30: Survey ï Frequency of interaction of Mentee/Mentor Dyad 

 

20

15

4

1

0% 20% 40% 60% 80% 100%

Q1. For effective system engineering 
mentoring in experiential learning 
programs, mentors and mentees 

should interact how many hours per 
week? 

Frequency of interaction (Sample N = 40)

0-10 hrs /week 10-20 hrs /week 20-30 hrs /week 30-40 hrs /week Other
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 The second set of program characteristics investigated in the survey corresponds 

to those characteristics that should be promoted as beneficial to the apprentices. The 

survey participants were asked a series of questions to assess what program benefits 

would entice potential participants (mentees) to participate in these programs. 70% or 

more of the participants agreed with 6 out of the 8 program characteristics proposed in 

the assessment.  50% of the participants think that program participation would increase 

their chances of being promoted in the enterprise, and 40% think that they would see a 

salary increase as a result of their participation. It is worthy to note that very few people 

disagreed with higher compensation and promotion opportunities as perceived benefits; 

in fact, in the case of potential promotion opportunities, 50% of the participants agreed, 

40% remained neutral and 10% disagreed, indicating a slight positive tendency for this 

factor to be perceived as benefit. Similarly, in the case of increasing compensation 

packages, 40% of the participants agreed, 50% remained neutral, and 10% disagreed, also 

indicating a slight positive tendency for this factor to be perceived as a potential benefit. 

The results for this section are captured in Figure 31. The potential perceived benefits (as 

perceived by mentees) are ranked in order of relevance (the median was calculated for 

each of the potential benefit and the benefits were sorted in descending order).  

 



 

115 

 

 

Figure 31: Survey ï Ranked characteristics that promote mentee participation 

 

 The third set of program characteristics, investigated in the survey, assess what 

type of program characteristics should be promoted to portray the program as beneficial 

for potential mentors. The participants were asked a series of questions to assess what 

program benefits would appeal to potential participants (mentors). 60% or more of the 

participants agreed with 4 out of the 8 program characteristics investigated.  For the 

remaining 4 questions, there is still a positive tendency since more people leaned towards 

agreeing with the recommendations; however, the data shows a pattern of neutrality 

being established for those questions. 35% adopted a neutral position on mentor 

recognition (question 12) being a program benefit. Also, 35% adapted a neutral stance on 

mentorôs job security (question 11) being a program benefit of program participation.  

40% and 58% remained neutral with respect to mentor promotion opportunities (question 

0% 20% 40% 60% 80% 100%

Q2. Useful hands-on experience

Q3. System thinking traits in participant

Q4. Participant's system engineering competencies

Q5. Participant's performance in the enterprise

Q6. Participant's image and exposure in the enterprise

Q7. Mentees' promotion opportunities

Q9. Defined and structured advancement plan

Q8. Mentees' compensation package

For Mentees, program participation will 
provide/enhance (Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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13) and with respect to mentorôs compensation packages (question 14), respectively. The 

results for this section are captured in Figure 32, in which the benefits (as potentially 

perceived by mentors) are ranked in order of relevance (the median was calculated for 

each of the potential benefit and the data was sorted in descending order).  

 To assess the fourth and final set of program characteristics of interest in section 

D, two questions were asked to the participants to assess the importance of corporate 

involvement in the proposed program.  90% or more of the participants agreed that 

corporate commitment and corporate sponsorship are essential for a successful 

experiential learning program in systems engineering, suggesting these factors could be 

used to promote program participation, namely advertising the programs have full 

commitment and support of the enterprise. Figure 33 captures the results. 

 

Figure 32 : Survey ï Ranked characteristics that promote mentor participation 

 

0% 20% 40% 60% 80% 100%

Q17. Institutional memory (knowledge transfer)

Q10. Mentor's satisfaction of helping a younger 
colleague

Q15. A path of succession and not replacement

Q16. Organization communication

Q12. Mentor recognition

Q11. Mentor's job security

Q13. Mentor's promotion opportunities

Q14. Mentor's compensation package

For Mentors, program participation will 
provide/enhance (Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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Figure 33 : Survey ï Ranked corporate characteristics and participation 

C.1.4. Survey Section E: System-thinking and enterprise transformation 

 The main purpose of section E was to investigate the benefits of system thinking 

development on enterprise transformation, focusing on innovation and knowledge 

transfer. First, the participants were asked if they thought these programs enhanced 

enterprise innovation, and 70% of the group adopted a positive stance with respect to the 

question, 20% remained neutral, and 10% disagreed. Secondly, the survey participants 

were asked about the role of formal system engineering mentoring programs on 

enterprise transformation, in the context knowledge transfer, and 100% of the participants 

agreed that knowledge transfer takes place in these types of programs. Figure 34 captures 

the results, which are ranked in order of relevance (the median was calculated and the 

data was sorted in descending order).  

0% 20% 40% 60% 80% 100%

Q19. Corporate commitment is 
essential for a successful experiential 

learning program based on formal 
mentoring

Q18. Corporate sponsorship is 
essential for a successful experiential 

learning program based on formal 
mentoring

Corporate sponsorship and commitment 
enhance program participation 

(Sample N = 40)
Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree
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Figure 34: Survey ï Program benefits for enterprise transformation 

The second and final set of questions in section E of the survey was used to assess how 

the system thinking traits proposed by Davidz and Nightingale (2008) are of benefit to 

enterprise transformation.  These questions are used to investigate the attitudes and 

characteristics that should be encouraged and fomented in the proposed mentoring 

program for system engineering professionals. The survey participants were asked if each 

of those system-thinking traits promotes innovation, knowledge transfer, or does not 

promote either. The results indicate that more than 90% of the participants agreed that 

thinking out of the box, being open minded, thinking broadly, and being curious are 

system-thinking traits that promote innovation. Additionally, close to 60% of the 

population thinks that having a tolerance for uncertainty also promotes innovation. In 

relation to knowledge transfer, 90% of the participants agreed the communication is a 

0% 20% 40% 60% 80% 100%

Q2. Formal mentoring programs for 
system engineering professionals 
enhance knowledge transfer for 

enterprise sustainability

Q1. Formal mentoring programs for 
system engineering professionals 
enhance enterprise innovation

Formal mentoring programs on system 
thinking and their role on enterprise 

transformation (Sample N = 40)

Strongly disagree Disagree Neither Agree nor disagree Agree Strongly agree



 

119 

 

system-thinking trait that promotes knowledge transfer. Additionally, 90% of the people 

agreed that having strong interpersonal skills also promotes knowledge transfer in a 

company or enterprise.  Interestingly, the system-thinking trait defined by an individualôs 

capacity to ask questions (questioning) was perceived as a system-thinking trait that 

promotes both innovation (55%) and knowledge transfer (45%). The final results for this 

section are captured in Figure 35. 

 

Figure 35: Survey ï System thinking development and enterprise transformation 
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Q10. Thinking out-of-the-box

Q6. Open-minded

Q3. Thinking broadly

Q4. Curiosity

Q8. Tolerance for uncertainty

Q5. Questioning

Q7. Communication

Q9. Strong interpersonal skills

System Thinking Benefits for Enterprise 
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Tranfer (Sample N = 40)

Promotes Innovation Promotes Knowledge transfer Does not promote neither
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C.2. Sample Signed test details 

 This section contains details about the nonparametric 1-sample signed test 

conducted on the data using Minitab
®
15.  

H0: median = hypothesized median versus H1: median Í hypothesized median 

H0: ɖ = ɖo versus H1: ɖ > ɖo ; With ɖo = 3.0 

 

C.2.1. Part B: Sample Signed Test set up and results 

 

 
 

Figure 36: 1-sample signed test set up for Part B (Q1B ï Q27B) 
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Figure 37: 1-sample signed results for Part B (Q1B ï Q27B) 

 

Mentee Selection Process: Survey Part B has 27 questions to be analyzed 

H0: ɖ = ɖo versus H1: ɖ > ɖo ; With ɖo = 3.0 

P-value > 0.05; therefore, the null hypothesis fails to be rejected. 
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C.2.2. Part C: Sample Signed Test set up and results 

 

 
 

Figure 38: 1-sample signed test set up for Part C (Q1C ï Q8C) 

 
 

Figure 39: 1-sample signed results for Part C (Q1C ï Q8C) 

Mentor Characteristics: Survey Part C has 8 questions to be analyzed 

H0: ɖ = ɖo versus H1: ɖ > ɖo ; With ɖo = 3.0 

P-value > 0.05; therefore, the null hypothesis fails to be rejected. 
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C.2.3. Part D: Sample Signed Test set up and results 

 
Figure 40: 1-sample signed test set up for Part D (Q2D ï Q19D) 

 
Figure 41: 1-sample signed results for Part D (Q2D ï Q19D) 

Program Characteristics: Survey Part D has 18 questions to be analyzed (Q1 

corresponds to the frequency of interaction assessment, and it does not follow a 

Likert scoring scale) 

H0: ɖ = ɖo versus H1: ɖ > ɖo ; With ɖo = 3.0 

P-value > 0.05; therefore, the null hypothesis fails to be rejected. 
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C.2.4. Part E: Sample Signed Test set up and results 

 
Figure 42: 1-sample signed test set up for Part E (Q1E ï Q2E) 

 

 
Figure 43: 1-sample signed results for Part E (Q1E ï Q2E) 

 

System-thinking and innovation and knowledge transfer: Survey Part E has 2 

questions to be analyzed (Q3-Q10 do not follow a Likert scoring scale) 

H0: median = hypothesized median versus H1: median > hypothesized median 
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C.3. Multinomial Test 

This section contains details about the multinomial tests conducted on the data by using 

Matlab
® 

2010a.  The Matlab
® 

function utilized in the test is the Binofit function. 

This screen capture depicted in Figure 44 was obtained by calling the help function for 

ñBINOFITò in the command window of Matlab
® 

2010a.  All rights are reserved by 

Matlab
®
 

 

Figure 44: Description of Matlab
® BINOFIT function 
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C.3.1. Part B: Multinomial Test results 

The filled blue dots represent P_A and P_SA. The value is circled in red when the (Prob A + Prob SA) < 0.5 

 
Figure 45: Multinomial test results for Part B (Q1B ï Q27B) 
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C.3.2. Part C: Multinomial Test results 

The filled blue dots represent P_A and P_SA. The value is circled in red when the (Prob A + Prob SA) < 0.5  

 
Figure 46: Multinomial test results for Part C (Q1C ï Q8C) 
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C.3.3. Part D: Multinomial Test results 

The filled blue triangles in Q1 Ą Freq of interaction test; The filled blue dotsĄ P_A and P_SA.  The value is in red when 

the (Prob A + Prob SA) < 0.5 

 

 
Figure 47: Multinomial test results for Part D (Q1D ï Q19D) 
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C.3.4. Part E: Multinomial Test results 

For QE1 ï QE2, the filled blue dots correspond to P_A and P_SA.  For Q3E- Q10E participants chose which system-thinking 

trait promotes, innovation, knowledge transfer, or neither; hence, three multinomial probabilities are calculated for each 

formulation (P_Innovation, P_KT, P_Neither). The filled blue triangles correspond to P_Inn, PKT, and P_Neither for each 

formulation. 

 

Figure 48: Multinomial test results for Part E (Q1E ï Q10E) 
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C.4. Survey Reliability (Item Analysis) 

This section contains details about the Item Analysis test conducted on the data using 

Minitab
®
15. This test was utilized to assess the reliability of the survey construct. The 

Cronbachôs alpha value measures the degree of internal consistency for all the included 

items. 

The Item analysis test was conducted on all questions that followed the Likert scoring 

scale.  

 

C.4.1. Item Analysis set up 

 

Figure 49: Item Analysis test set up for all questions 
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C.4.2. Item Analysis results 

 

ððððð   2/25/2014 3:46:18 PM   ððððððððððððððððððð  
 
Welcome to Minitab, press F1 for help.  

 

Results for: PART_B_C_D_E_CRONBACHS_ALFA.MTW  
  

Item Analysis of Q1_B, Q2_B, Q3_B, Q4_B, Q5_B, Q6_B, Q7_B, Q8_B, .. .  
 
Correlation Matrix  

 

         Q1_B    Q2_B    Q3_B    Q4_B    Q5_B    Q6_B    Q7_B    Q8_B    Q9_B  

Q2_B    0.532  

Q3_B    0.357   0.525  

Q4_B    0.672   0.491   0.554  

Q5_B    0.080   0.170   0.329   0.386  

Q6_B    0.107   0.087   0.157   0.393   0.245  

Q7_B    0.675   0.449   0.254   0.444  - 0.113   0.202  

Q8_B    0.016   0.172   0.245   0.304   0.164   0.391   0.233  

Q9_B    0.203   0.244   0.171   0.243   0.070   0.257   0.547   0.465  

Q10_B   0.372   0.283   0.227   0.347   0.196   0.313   0.531   0.471   0. 607  

Q11_B   0.406   0.298   0.305   0.444   0.216  - 0.067   0.257   0.131   0.245  

Q12_B   0.125   0.411   0.258   0.236   0.228   0.096   0.303   0.361   0.498  

Q13_B   0.208   0.227   0.245   0.266   0.069   0.180   0.411   0.483   0.395  

Q14_B   0.164   0. 473   0.192   0.378   0.235   0.173   0.340   0.294   0.393  

Q15_B   0.342   0.382   0.188   0.395   0.315   0.185   0.389   0.460   0.496  

Q16_B   0.337   0.350   0.130   0.277   0.065  - 0.003   0.430   0.404   0.511  

Q17_B   0.166   0.344   0.308   0.311   0.019   0.174   0.127   0.342   0.355  

Q18_B   0.082  - 0.046   0.185   0.199   0.186   0.096   0.303   0.278   0.530  

Q19_B   0.089  - 0.022   0.163   0.285   0.208   0.076   0.333   0.462   0.518  

Q20_B   0.293   0.235   0.308   0.349   0.127   0.157   0.569   0.338   0.513  

Q21_B   0.191   0.114   0.239   0.354   0.328   0.313   0.246   0.282   0.431  

Q22_B  - 0.213   0.093   0.232   0.042   0.211   0.013  - 0.115   0.369   0.144  

Q23_B   0.076   0.162   0.270   0.234   0.122   0.323   0.022   0.222  - 0.124  

Q24_B  - 0.149  - 0.087  - 0.152  - 0.025   0.212   0.249   0.046   0.391   0.115  

Q25_B   0.172   0.382   0.152   0.135  - 0.010   0.185   0.174   0.021   0.082  

Q26_B   0.148   0.142   0.199   0.300   0.270   0.337   0.125   0.126   0.025  

Q27_B   0.132   0.233   0.20 1   0.313   0.317   0.146   0.130  - 0.011   0.045  

Q1_C   - 0.046   0.000   0.020  - 0.101  - 0.222   0.068   0.000   0.194   0.052  

Q2_C   - 0.178  - 0.130   0.053   0.042   0.177   0.200  - 0.144   0.369   0.249  

Q3_C   - 0.110  - 0.049   0.047   0.161   0.309   0. 244  - 0.070   0.113   0.117  

Q4_C    0.079   0.119  - 0.017  - 0.057   0.054  - 0.006  - 0.009  - 0.132  - 0.052  

Q5_C    0.003   0.094   0.036   0.058   0.099  - 0.214  - 0.157  - 0.028  - 0.041  

Q6_C   - 0.107  - 0.178  - 0.185   0.045   0.224   0.279  - 0.046   0.044   0.091  

Q7_C    0.162   0.185   0.117   0.297   0.399   0.058   0.218   0.392   0.396  

Q8_C    0.253   0.291   0.243   0.434   0.422   0.260   0.195   0.171   0.141  

Q2_D   - 0.007   0.072   0.090   0.225   0.164  - 0.030  - 0.041  - 0.069  - 0.162  

Q3_D    0.065   0.138   0.139   0.235   0.238   0.182   0.099   0.300   0.309  

Q4_D    0.078   0.297   0.112  - 0.048  - 0.075  - 0.005   0.329   0.236   0.462  

Q5_D   - 0.294  - 0.093   0.032  - 0.335   0.105  - 0.239  - 0.218   0.117  - 0.067  

Q6_D   - 0.178  - 0.023  - 0.008   0.053   0.179   0.327   0.006   0.516   0.245  

Q7_D   - 0.118  - 0.333  - 0.117   0.052   0.264   0.360   0.000   0.292   0.310  

Q8_D   - 0.149  - 0.176  - 0.060   0.055   0.199   0.404   0.028   0.206   0.284  

Q9_D    0.045  - 0.094  - 0.227   0.195   0.300   0.211   0.00 0   0.231   0.235  

Q10_D   0.221   0.165  - 0.027   0.112   0.310   0.030   0.232  - 0.066   0.299  

Q11_D   0.128   0.000   0.003   0.250   0.193   0.406   0.102   0.214   0.244  

Q12_D   0.186   0.116   0.014   0.264   0.192   0.145   0.022   0.366   0.223  

Q13_D  - 0.106  - 0.210  - 0.207   0.020  - 0.009   0.221  - 0.096   0.390   0.232  



 

132 

 

Q14_D   0.014  - 0.106  - 0.065   0.066  - 0.029   0.216   0.066   0.308   0.196  

Q15_D   0.089   0.021  - 0.046   0.161   0.143   0.408   0.042   0.369   0.280  

Q16_D   0.016   0.124   0. 027   0.103   0.150  - 0.023  - 0.007   0.384   0.135  

Q17_D   0.000   0.134  - 0.241  - 0.138  - 0.242  - 0.168  - 0.160  - 0.224  - 0.261  

Q18_D  - 0.063   0.223   0.009   0.046  - 0.182  - 0.006  - 0.053   0.183  - 0.103  

Q19_D  - 0.210  - 0.031  - 0.174  - 0.149  - 0.241  - 0.039  - 0.117   0.094  - 0.148  

Q1_E   - 0.275  - 0.130  - 0.005  - 0.171   0.216   0.115  - 0.239   0.030   0.060  

Q2_E   - 0.125   0.120  - 0.027  - 0.240  - 0.199   0.028  - 0.195  - 0.077  - 0.226  

 

        Q10_B   Q11_B   Q12_B   Q13_B   Q14_B   Q15_B   Q16_B   Q17_B    Q18_B 

Q11_B   0.237  

Q12_B   0.440   0.096  

Q13_B   0.409   0.303   0.493  

Q14_B   0.304   0.077   0.407   0.183  

Q15_B   0.495   0.317   0.478   0.547   0.618  

Q16_B   0.462   0.204   0.517   0.532   0.445   0.731  

Q17_B   0.079   0.278   0.223   0.109   0.5 15   0.261   0.222  

Q18_B   0.330   0.139   0.599   0.631   0.209   0.412   0.487   0.160  

Q19_B   0.390   0.175   0.436   0.511   0.322   0.531   0.606   0.161   0.660  

Q20_B   0.475   0.081   0.638   0.489   0.453   0.546   0.545   0.238   0.673  

Q21_B   0.4 86   0.051   0.398   0.129   0.328   0.420   0.265   0.228   0.454  

Q22_B   0.151   0.235   0.340   0.495   0.052   0.269   0.278   0.014   0.312  

Q23_B   0.382   0.051  - 0.099  - 0.033  - 0.087  - 0.048  - 0.151  - 0.167  - 0.296  

Q24_B   0.146   0.020   0.227   0 .292   0.029   0.057  - 0.033  - 0.023   0.151  

Q25_B  - 0.047  - 0.026   0.314   0.356   0.164   0.193   0.227   0.076   0.084  

Q26_B   0.278  - 0.054   0.343  - 0.086   0.087  - 0.056  - 0.108   0.029  - 0.031  

Q27_B   0.095   0.122   0.358  - 0.148   0.256   0.054   0.035   0.024  - 0.026  

Q1_C   - 0.104  - 0.047   0.036   0.475  - 0.371   0.018   0.081  - 0.168   0.143  

Q2_C    0.129  - 0.121   0.121   0.269  - 0.029   0.135   0.180   0.014   0.312  

Q3_C    0.200   0.269   0.199   0.065   0.084   0.112   0.083   0.013   0.164  

Q4_C    0.228  - 0.121   0.148   0.101   0.090   0.255   0.218  - 0.193   0.090  

Q5_C    0.029   0.024   0.025   0.193  - 0.019   0.156   0.172  - 0.238   0.025  

Q6_C    0.366  - 0.181   0.280   0.199   0.049   0.212   0.066  - 0.208   0.338  

Q7_C    0.527   0.115    0.702   0.601   0.269   0.621   0.533  - 0.022   0.532  

Q8_C    0.169   0.489   0.111   0.113   0.143   0.092  - 0.054   0.096  - 0.102  

Q2_D   - 0.111   0.152   0.048  - 0.140   0.149  - 0.049  - 0.256  - 0.045  - 0.005  

Q3_D    0.213   0.211   0.517   0.252   0.2 55   0.313   0.306   0.238   0.355  

Q4_D    0.055   0.063   0.181   0.340   0.065   0.089   0.234   0.283   0.181  

Q5_D   - 0.024  - 0.159   0.214   0.270   0.099   0.278   0.353   0.054   0.281  

Q6_D    0.272  - 0.106   0.457   0.335   0.466   0.535   0.439   0 .209   0.355  

Q7_D    0.465  - 0.079   0.183   0.025   0.105   0.255   0.179  - 0.029   0.213  

Q8_D    0.416  - 0.159   0.173  - 0.085   0.225   0.136   0.084   0.048   0.141  

Q9_D    0.313   0.090   0.311   0.143   0.307   0.475   0.249   0.032   0.346  

Q10_D   0 .349   0.117   0.500   0.169   0.219   0.358   0.244  - 0.047   0.430  

Q11_D   0.319   0.014   0.099   0.034   0.299   0.385   0.241   0.224   0.229  

Q12_D   0.246   0.103   0.342   0.379   0.255   0.443   0.467   0.316   0.398  

Q13_D   0.328  - 0.131   0.127   0.233   0.140   0.301   0.369   0.195   0.266  

Q14_D   0.369  - 0.089   0.026   0.095   0.184   0.223   0.258   0.179   0.119  

Q15_D   0.326  - 0.080   0.300   0.293   0.117   0.464   0.329   0.094   0.361  

Q16_D   0.305   0.087   0.346   0.597   0.048   0.530    0.585   0.017   0.436  

Q17_D  - 0.141   0.127  - 0.196   0.000  - 0.169  - 0.168  - 0.022   0.000  - 0.196  

Q18_D  - 0.034  - 0.255   0.212   0.270   0.056   0.024   0.169   0.015   0.016  

Q19_D  - 0.227  - 0.322  - 0.094  - 0.117   0.053  - 0.123  - 0.018   0.088  - 0.1 40 

Q1_E    0.187  - 0.066  - 0.054   0.121  - 0.033  - 0.020   0.016   0.021   0.010  

Q2_E   - 0.245  - 0.015  - 0.126   0.034  - 0.085  - 0.068  - 0.067   0.173  - 0.184  

 

        Q19_B   Q20_B   Q21_B   Q22_B   Q23_B   Q24_B   Q25_B   Q26_B   Q27_B  

Q20_B   0.577  

Q21_B   0.480   0.434  

Q22_B   0.341   0.162   0.037  

Q23_B  - 0.104  - 0.162   0.214   0.201  

Q24_B   0.287   0.099   0.214   0.222   0.082  

Q25_B  - 0.097   0.209  - 0.045   0.135  - 0.126   0.206  
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Q26_B  - 0.045   0.128   0.216   0.148   0.404   0.225  - 0.097  

Q27_B  - 0.086   0.201   0.064   0.163   0.201   0.055   0.138   0.715  

Q1_C   - 0.051   0.000  - 0.090   0.249  - 0.127   0.204   0.440  - 0.245  - 0.366  

Q2_C    0.419   0.106   0.083   0.266  - 0.088   0.429   0.054  - 0.089  - 0.254  

Q3_C    0.224  - 0.022   0.421   0.284   0.336   0.292   0.007   0.088   0.163  

Q4_C    0.189   0.131   0.354   0.166   0.188   0.078   0.311   0.009  - 0.052  

Q5_C    0.150  - 0.085  - 0.025   0.467   0.148  - 0.043   0.246  - 0.050  - 0.041  

Q6_C    0.201   0.107   0.291   0.014   0.214   0.249   0.04 1   0.266   0.033  

Q7_C    0.581   0.480   0.364   0.480   0.020   0.253   0.188   0.284   0.225  

Q8_C    0.065  - 0.070   0.078   0.132   0.201   0.349   0.218   0.159   0.359  

Q2_D    0.109   0.087   0.234  - 0.045   0.031   0.018  - 0.049  - 0.148   0.027  

Q3_D    0.489   0.374   0.295   0.169  - 0.203   0.165  - 0.045   0.157   0.026  

Q4_D    0.167   0.198  - 0.090   0.241  - 0.242   0.160   0.184  - 0.112  - 0.092  

Q5_D    0.196   0.320   0.059   0.377  - 0.260  - 0.022   0.078  - 0.200  - 0.182  

Q6_D    0.489   0.516   0. 358   0.332  - 0.030   0.199  - 0.033   0.100   0.030  

Q7_D    0.306   0.250   0.508   0.112   0.252   0.220  - 0.165   0.208   0.117  

Q8_D    0.150   0.185   0.476  - 0.008   0.303   0.163  - 0.180   0.299   0.139  

Q9_D    0.396   0.248   0.403   0.141  - 0.041   0.105  - 0.238   0.172   0.088  

Q10_D   0.316   0.383   0.393   0.042  - 0.153   0.111  - 0.016   0.295   0.251  

Q11_D   0.330   0.325   0.554  - 0.150   0.031  - 0.002  - 0.176  - 0.048  - 0.073  

Q12_D   0.374   0.330   0.228   0.370  - 0.150  - 0.031  - 0.057   0.149   0.022  

Q13_D   0.344   0.235   0.333   0.137   0.025   0.175  - 0.056  - 0.048  - 0.132  

Q14_D   0.355   0.172   0.399  - 0.008   0.119   0.128  - 0.417   0.072  - 0.194  

Q15_D   0.327   0.315   0.634  - 0.009  - 0.009   0.324   0.162   0.024  - 0.137  

Q16_D   0.504   0.299   0.197   0.450  - 0.107   0.212   0.113  - 0.075  - 0.216  

Q17_D  - 0.070  - 0.401  - 0.204  - 0.020   0.058  - 0.019  - 0.024  - 0.152  - 0.187  

Q18_D   0.132   0.100  - 0.068   0.325   0.019   0.019   0.344  - 0.030   0.000  

Q19_D   0.167  - 0.056  - 0.032  - 0.04 8  - 0.121   0.034  - 0.078  - 0.107  - 0.076  

Q1_E    0.214  - 0.124   0.188   0.250   0.019   0.221  - 0.020   0.049  - 0.211  

Q2_E   - 0.253  - 0.156  - 0.124   0.008   0.017   0.130   0.277  - 0.263  - 0.216  

 

         Q1_C    Q2_C    Q3_C    Q4_C    Q5_C    Q6_C    Q7_C    Q8_C    Q2_D  

Q2_C    0.307  

Q3_C   - 0.115   0.023  

Q4_C    0.093  - 0.070   0.320  

Q5_C    0.221  - 0.055   0.156   0.632  

Q6_C   - 0.109   0.250   0.358   0.348   0.116  

Q7_C    0.073   0.203   0.209   0.332   0.355   0.498  

Q8_C   - 0.183  - 0.076   0.426  - 0.059   0.012  - 0.089   0.164  

Q2_D   - 0.171  - 0.045   0.260   0.096   0.004  - 0.085  - 0.070   0.176  

Q3_D   - 0.022   0.136   0.043   0.096   0.021  - 0.066   0.380   0.155   0.144  

Q4_D    0.336   0.123  - 0.257  - 0.219   0.025  - 0.455   0.012   0.123  - 0.287  

Q5_D    0.145   0.073  - 0.209   0.197   0.155  - 0.145   0.203  - 0.337  - 0.091  

Q6_D   - 0.018   0.249   0.137   0.149  - 0.115   0.135   0.425  - 0.139   0.105  

Q7_D   - 0.098   0.261   0.422   0.132  - 0.104   0.330   0.309   0.039   0.097  

Q8_D   - 0.241   0.123    0.397   0.128  - 0.163   0.331   0.169   0.025   0.071  

Q9_D   - 0.111   0.141   0.074   0.120   0.000   0.270   0.490   0.000   0.110  

Q10_D  - 0.167   0.013   0.140   0.361   0.143   0.392   0.538  - 0.009   0.107  

Q11_D  - 0.139   0.167   0.254   0.184  - 0.2 10   0.119   0.116   0.073   0.321  

Q12_D   0.121   0.255  - 0.078   0.095   0.114   0.070   0.495  - 0.130   0.004  

Q13_D   0.165   0.433   0.154   0.168  - 0.058   0.252   0.301  - 0.171   0.046  

Q14_D  - 0.017   0.346   0.178   0.098  - 0.220   0.093   0.112  - 0.221   0.116  

Q15_D   0.346   0.417   0.164   0.313  - 0.089   0.337   0.319  - 0.118   0.061  

Q16_D   0.390   0.400  - 0.045   0.357   0.365   0.247   0.621  - 0.209  - 0.173  

Q17_D  - 0.052  - 0.219  - 0.052   0.212   0.234   0.021  - 0.050   0.062  - 0.077  

Q18_D   0 .349   0.060  - 0.104   0.212   0.390  - 0.049   0.314  - 0.083   0.129  

Q19_D   0.074  - 0.010  - 0.058   0.061   0.049  - 0.185  - 0.007  - 0.070   0.105  

Q1_E    0.136   0.354   0.074   0.294   0.189   0.084   0.158   0.089  - 0.035  

Q2_E    0.282   0.151  - 0.037   0.134  - 0.134  - 0.204  - 0.323   0.030   0.032  

 

         Q3_D    Q4_D    Q5_D    Q6_D    Q7_D    Q8_D    Q9_D   Q10_D   Q11_D  

Q4_D    0.139  

Q5_D    0.195   0.134  
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Q6_D    0.540  - 0.092   0.470  

Q7_D    0.240  - 0.198   0.062   0.511  

Q8_D    0.214  - 0.255   0. 026   0.480   0.849  

Q9_D    0.544  - 0.199   0.070   0.597   0.504   0.432  

Q10_D   0.487  - 0.118   0.023   0.192   0.236   0.156   0.429  

Q11_D   0.330  - 0.131   0.068   0.525   0.663   0.594   0.510   0.266  

Q12_D   0.402  - 0.010   0.392   0.604   0.257   0. 179   0.613   0.294   0.421  

Q13_D   0.097  - 0.085   0.264   0.567   0.648   0.490   0.432   0.044   0.674  

Q14_D   0.211  - 0.106   0.108   0.557   0.608   0.569   0.385   0.134   0.715  

Q15_D   0.144  - 0.050   0.179   0.426   0.350   0.222   0.350   0.226   0.537  

Q16_D   0.367   0.131   0.485   0.376   0.083  - 0.047   0.345   0.320   0.137  

Q17_D  - 0.030  - 0.106  - 0.050  - 0.223  - 0.401  - 0.329   0.000   0.076  - 0.114  

Q18_D   0.030   0.082   0.149   0.141  - 0.119  - 0.219   0.067   0.042  - 0.000  

Q19_D   0.021   0.025  - 0.039   0.127  - 0.063  - 0.101   0.142  - 0.037   0.210  

Q1_E    0.260   0.172   0.293   0.150   0.319   0.238   0.099   0.120   0.286  

Q2_E    0.009   0.095   0.264   0.070  - 0.080  - 0.107  - 0.181  - 0.141   0.168  

 

        Q12_D   Q13_D   Q14_D   Q15_D    Q16_D   Q17_D   Q18_D   Q19_D    Q1_E  

Q13_D   0.635  

Q14_D   0.489   0.759  

Q15_D   0.383   0.600   0.460  

Q16_D   0.527   0.399   0.270   0.474  

Q17_D   0.124  - 0.020  - 0.068  - 0.112   0.177  

Q18_D   0.372   0.265   0.038   0.112   0.354   0.381  

Q19_D   0.1 76   0.239   0.230   0.079   0.091   0.368   0.702  

Q1_E    0.207   0.380   0.367   0.226   0.340   0.093   0.108   0.093  

Q2_E    0.082   0.235   0.123   0.141   0.032   0.299   0.071  - 0.006   0.192  

 

Cell Contents: Pearson correlation  

 

 

Item and Total Stat istics  

 

          Total  

Variable  Count    Mean  StDev  

Q1_B         40    4.55   0.68  

Q2_B         40    4.50   0.64  

Q3_B         40    3.98   0.80  

Q4_B         40    4.38   0.77  

Q5_B         40    4.25   0.71  

Q6_B         40    3.63   1.15  

Q7_B         40     4.35   0.80  

Q8_B         40    3.02   1.05  

Q9_B         40    3.83   0.90  

Q10_B        40    3.52   1.06  

Q11_B        40    4.40   0.67  

Q12_B        40    4.05   0.88  

Q13_B        40    4.10   1.06  

Q14_B        40    4.33   0.89  

Q15_B        40    4.22    0.89  

Q16_B        40    3.92   0.97  

Q17_B        40    3.95   0.93  

Q18_B        40    4.05   0.88  

Q19_B        40    3.67   0.92  

Q20_B        40    4.20   0.85  

Q21_B        40    3.85   1.05  

Q22_B        40    3.77   1.07  

Q23_B        40    4.25   0.74  

Q24_B        40    3.52   1.15  

Q25_B        40    4.22   0.89  

Q26_B        40    4.38   0.70  

Q27_B        40    4.30   0.69  

Q1_C         40    4.50   0.82  
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Q2_C         40    2.77   1.07  

Q3_C         40    4.20   0.82  

Q4_C         40    4.72   0.51  

Q5_C         40    4.72   0.64  

Q6_C         40    4.17   1.01  

Q7_C         40    4.15   0.86  

Q8_C         40    4.20   0.69  

Q2_D         40    4.55   0.55  

Q3_D         40    4.13   0.72  

Q4_D         40    4.13   0.61  

Q5_D         40    3.85   0.86  

Q6_D         40    3.77   0.86  

Q7_D         40    3.50   0.96  

Q8_D         40    3.30   0.91  

Q9_D         40    4.00   0.85  

Q10_D        40    4.28   0.85  

Q11_D        40    3.10   1.13  

Q12_D        40    3.45   1.04  

Q13_D        40    3.23   1.05  

Q14_D        40    3.08   0.94  

Q15_D        40    3.63   0.95  

Q16_D        40    3.80   0.97  

Q17_D        40    4.50   0.60  

Q18_D        40    4.25   0.90  

Q19_D        40    4.53   0.64  

Q1_E         40    3.85   0.92  

Q2_E         40    4.58   0.50  

Total        40  220.13  20.15  

 

 

Cronbach's Alpha = 0.9139  

 

 

Omitted Item Statistics  

 

                       Adj.               Squared  

Omitted   Adj. Total  Total   Item - Adj.  Multiple  Cronbach's  

Variable        Mean  StDev  Total Corr      Corr       Alpha  

Q1_B          215.57  20.01    0.201180         *    0.913858  

Q2_B          215.63  19.96    0.285766         *    0.913258  

Q3_B          216.15  19.95    0.237951         *    0.913709  

Q4_B          215.75  19.81    0.436052         *    0.912066  

Q5_B          215.88  19.89    0.354 078         *    0.912757  

Q6_B          216.50  19.68    0.385303         *    0.912643  

Q7_B          215.78  19.89    0.313611         *    0.913076  

Q8_B          217.10  19.52    0.591896         *    0.910218  

Q9_B          216.30  19.65    0.545197         *    0.910924  

Q10_B         216.60  19.47    0.625452         *    0.909817  

Q11_B         215.72  20.02    0.181868         *    0.913988  

Q12_B         216.07  19.59    0.636713         *    0.910106  

Q13_B         216.03  19.50    0.600482         *    0.910110  

Q14_B         215.80  19.74    0.448306         *    0.911865  

Q15_B         215.90  19.52    0.695383         *    0.909498  

Q16_B         216.20  19.55    0.611419         *    0.910136  

Q17_B         216.18  19.89    0.264609         *    0.91364 9 

Q18_B         216.07  19.64    0.570783         *    0.910728  

Q19_B         216.45  19.53    0.665643         *    0.909712  

Q20_B         215.93  19.63    0.604079         *    0.910468  

Q21_B         216.28  19.50    0.607497         *    0.910039  

Q22_B         216.35  19.70    0.402610         *    0.912360  

Q23_B         215.88  20.08    0.088160         *    0.914804  

Q24_B         216.60  19.75    0.322035         *    0.913420  

Q25_B         215.90  19.99    0.161040         *    0.914550  
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Q26_B         215.75  20.00    0.206934         *    0.913845  

Q27_B         215.82  20.07    0.108071         *    0.914533  

Q1_C          215.63  20.07    0.088423         *    0.914997  

Q2_C          217.35  19.77    0.335958         *    0.913115  

Q3_C          215.93  19.89    0.298587         *    0.913215  

Q4_C          215.40  19.99    0.307854         *    0.913191  

Q5_C          215.40  20.07    0.116576         *    0.914388  

Q6_C          215.95  19.85    0.278002         *    0.913642  

Q7_C          215.97  19.53    0.713078         *    0.909424  

Q8_C          215.93  20.02    0.174499         *    0.914059  

Q2_D          215.57  20.12    0.046946         *    0.914655  

Q3_D          216.00  19.79    0.496638         *    0.911659  

Q4_D          216.00  20.08    0.10304 5         *    0.914419  

Q5_D          216.28  19.97    0.188215         *    0.914242  

Q6_D          216.35  19.60    0.631635         *    0.910191  

Q7_D          216.63  19.67    0.483632         *    0.911474  

Q8_D          216.82  19.79    0.378218         *    0.912530  

Q9_D          216.13  19.71    0.508170         *    0.911354  

Q10_D         215.85  19.78    0.421844         *    0.912132  

Q11_D         217.03  19.56    0.510286         *    0.911118  

Q12_D         216.68  19.52    0.596739         *    0 .910183  

Q13_D         216.90  19.57    0.542947         *    0.910772  

Q14_D         217.05  19.72    0.446028         *    0.911863  

Q15_D         216.50  19.59    0.572266         *    0.910575  

Q16_D         216.32  19.59    0.564310         *    0.910636  

Q17_D         215.63  20.24   - 0.149101         *    0.915961  

Q18_D         215.88  19.94    0.216400         *    0.914052  

Q19_D         215.60  20.14    0.006763         *    0.915114  

Q1_E          216.28  19.89    0.266789         *    0.913611  

Q2_E          215.55  20.17   - 0.034668         *    0.914979  
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APPENDIX D ï Details of Consensus Measure Model 

D.1. Consensus as a measure of dispersion of ordinal data 

 This appendix provides the details related to the consensus measure discussed in 

section 3.5.2 ï Model for Consensus Strength of Chapter 3 ï Research Methodology. The 

consensus measure was introduced to reinforce the statistical analysis of the survey 

findings. 

The survey instrument was generated to validate the proposed system-thinking 

developmental program implemented via system engineering mentoring in the context of 

experiential learning. In the data analysis section of this dissertation, various 

methodologies were presented in order to assess the central tendency of the survey 

questions and the statistical significance of that tendency. Initially, the survey data was 

analyzed by tabulating descriptive statistics, and this is followed by conducting a non-

parametric 1-Sample Sign test, which examines central tendency but does not capture the 

strength of consensus of the respondents. Then, the survey responses were fitted to a 

multinomial distribution. The multinomial test was conducted to assess the null 

hypothesis that the parameters of the multinomial distribution equal a specified value. 

The multinomial test provides an assessment of consensus amongst responses but only 

within a confidence interval.  Although these methodologies suggest a central tendency, 

they do not fully capture the level of agreement in each of the responses; therefore, it is 

necessary to strengthen the initial findings by introducing a methodology that focuses on 

measuring response consensus, namely the level of agreement (or disagreement) with 

respect to each of the proposed elements the proposed mentoring program.  In this 
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context, consensus refers to the ólevel of agreementô reached regardless of which 

category such level of agreement converges to. Next, the mathematical model that 

captures the level of consensus and/or dissention for each of the questions in the survey 

instrument is presented. 

D.2. Consensus model 

  This model was developed by Tastle and Wierman and published in the 

International Journal of Approximate Reasoning in (2007). For their model, the authors 

build upon the entropy concept researched by Shannon (1948), and they incorporate ña 

probability distribution and the distance between categories to produce a value spanning 

the unit intervalò (Tastle & Wierman, 2007, p. 532). They refer to this figure as the 

consensus measure. In their paper, they explain how this is a ñmathematical measureò 

that allows for a ñlogical determination of dispersionò around the category values 

contained in a Likert scale. They name this measure ñconsensusò and argue that ñits 

complement is dissentionò (2007, p. 532). 

 To develop their consensus model, Tastle and Wierman explored various works 

on consensus measurements (Herrera, Herrera-Viedma, & Verdegay, 1996; Szmidt & 

Kacprzyk, 2001, 2003; Tcha et al., 2000).  The work by Herrera, et al. focuses on the 

development of a model to build consensus in group decision-making under linguistic 

assessments. Such model requires a series of calculations and iterations that are not very 

intuitive for the reader. The authors use a set of factors and quantifiers to develop a 

model that accounts for the incorporation of ñmore human consistency in decision 

making support systems.ò (Herrera et al., 1996, p. 73). 
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 Tastle and Wierman also examine other consensus models in the work by (Tcha et 

al., 2000) which investigates the commonality and differences of opinion among various 

PhD students in Australia in regards to various economic issues and university economic 

education (Tcha et al., 2000). They conduct an ñanalysis of the degree of consensus 

among studentsò via survey research as specified in (Tcha et al., 2000, p. 3). The set of 

questions in the survey have four options  to choose from: ñagree, agree with provisions, 

disagree and unsureò (Tcha et al., 2000, p. 10). To assess the survey results, the authors 

look at the mean, which ñis calculated as the weighted-average of the percentages of four 

optionsò (Tcha et al., 2000, p. 10). Then, for the consensus measure, which is of 

relevance to this dissertation, the authors utilize ñthe complement of relative entropy,ò 

which is defined as ñone minus the ratio of actual entropy to the maximum possible 

entropy over all response options including óunsureôò (Tcha et al., 2000, p. 10). The 

authors then combine two of the categories into one and obtain three categories for their 

analysis. Next, they calculate the maximum entropy of the categories. The concept of 

maximum entropy is well defined by (Pendfield, 2004), who explains how ñentropy has 

its maximum value when all probabilities are equal,ò and ñthe resulting value for entropy 

is the logarithm of the number of statesò (Pendfield, 2004, p. 87). The resulting equation 

utilized in the work by (Tcha et al., 2000) is: 

-ÁØÉÍÕÍ %ÎÔÒÏÐÙὴÉzÌÎὴÉȠ Where pi is the proportion of responses. 

Moreover, since there are three (3) distinct categories, the entropy equation becomes: 

-ÁØÉÍÕÍ %ÎÔÒÏÐÙσz  πȢσσσzÌÎπȢσσσ 

Finally, since the authors define consensus as the complement of the relative entropy, the 

final equation is: 
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CέὲίὩὲίόίρ
ᶻ

 zȢ ᶻ Ȣ
 

The authors argue that given the proposed consensus equation, a final ñscore of 1 

represents perfect consensus,ò and a final score of ñ0 indicates no consensus at allò (Tcha 

et al., 2000, p. 10).  Other researchers studying consensus theories concur with the 

assumption that the level of consensus spans the unit interval from 0 to 1 (Kacprzyk et 

al., 2009; Szmidt & Kacprzyk, 2001, 2003). 

Finally, (Tcha et al., 2000) empathize the consensus measure is ñnon-linear ñand that a 

value of ñ0.5 should not be interpretedò as the middle point between ñperfect consensus 

and complete dissensionò (Tcha et al., 2000, p. 11). Furthermore, the authors point out 

the need to quantify the measure to better assess of the consensus strength, and to this end, 

Tcha et al. turn to the work of (M. Anderson & Blandy, 1992), who propose a set of 

ranges to quantify the consensus measure more appropriately. They describe that ña good 

consensus is anything over about 0.4, anything around 0.5 would be convincing, while an 

overwhelming consensus would score 0.7 or moreò (M. Anderson & Blandy, 1992, pp. 

21ï24). 

 In summary, the consensus metric utilized in this dissertation is originally based 

on the works by (M. Anderson & Blandy, 1992; Shannon, 1948; Szmidt & Kacprzyk, 

2001, 2003; Tcha et al., 2000) and further developed and refined in the works by (Tastle, 

Wierman, & Dumdum, 2005) and then by (Tastle & Wierman, 2007). The final 

consensus measure used in this dissertation is: 

Cὲίὢ ρ В  ὴ ÌÏÇ ρ
ȿ  ȿ

   

Where, X is any finite discrete random variable with probability distribution p(x.)  

%8 В  ὴ ὢὭ ʈ ÉÓ ÔÈÅ ÍÅÁÎ ÏÆ 8, aÎÄ ÄØ ÉÓ ÔÈÅ ×ÉÄÔÈ ÏÆ 8ȟÄØ 8 8   


















