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Abstract 

Generational Knowledge Transfer: What is at 

STEAK? 

As organizations evaluate increasing retirement rates coupled with the rate of 

entering engineers, there is a need to address the presence of engineering generational 

knowledge transfer boundaries.  These undefined boundaries impede the strategic transfer 

of engineering and architectural knowledge (STEAK) required for continued engineering 

growth.  Borrowing from established knowledge transfer boundaries outside of engineering 

and existing engineering knowledge transfer boundaries, this research identifies the 

engineering generational knowledge transfer boundary.  This research also expands the 

relationship of this boundary to generational characteristics while concurrently 

investigating the impact of the engineering generational knowledge transfer boundaries on 

knowledge managers and knowledge workers.   

During this dissertation research, the inaccessible generational knowledge from 

engineering communities is evaluated and the relationship between engineering 

generational knowledge transfer and engineering generational characteristics is explored to 

garner improvements to engineering knowledge transfer methods.  It was discovered that 

the characteristics of each generation help bound and classify knowledge but also restricts 

the transfer of that knowledge to other generations.  Exploring the domain of engineering 

knowledge transfer highlights commonalities among generations, associating similar 

characteristics that allow generations to transfer and absorb pertinent generational 

knowledge at a more suitable rate.  This dissertation research provides a level of insight not 
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previously explored and presents techniques that can be used to evaluate how organizations 

will react to and leverages knowledge across generations.   

Using an interdisciplinary approach to define the engineering generational 

knowledge transfer boundaries provides useful knowledge transfer processes and 

procedures which all engineering generations and engineering disciplines can utilize.  This 

identification will allow management to propose strategies to attract and retain the next 

generation of knowledge workers.  This will enact performance improvements, using the 

existing generational knowledge within the workforce to accomplish the mission 

requirements.  This dissertation research expands these findings in detail and summarizes 

the results in a proposed STEAK model, framework and graphical algorithm.   
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CHAPTER 1: INTRODUCTION 

1.1 Overview 

Knowledge, defined as ―a fluid mix of framed experience, contextual information, 

values and expert insight,‖ provides an outline for evaluating and incorporating new 

experiences and information (Davenport & Prusak, 1998, p. 5).  Organizations seem to 

focus on the hard aspects of knowledge transfer, but should focus more attention on the 

human aspects of knowledge transfer (Davenport & Prusak, 2000).  Impending concerns 

about the retiring aging population coinciding with assessing the abilities of incoming 

younger generations leads organizations to realize that knowledge is its most valuable asset 

(McNichols, 2010).  The absence of the aging expertise will leave a void with younger 

workers contemplating ‗‗…missing key information‘‘ as aging workers since individual 

responsibility as opposed to an organizational responsibility for knowledge transfer 

(Ebrahimi, Saives & Holford, 2008, p. 135).  Organizations seem to fall short in facilitating 

the transmission of the organizational memory across this void as well as used to updating 

the knowledge of the aging individuals which leads to knowledge loss (Ebrahimi, Saives & 

Holford, 2008).  Proper identification of this void or knowledge boundary will allow for 

accurate classification of generational knowledge necessary for the continuous progression 

of disciplines like engineering. 

The next section provides a clear description of the problem addressed in this 

dissertation research.   
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1.2 Statement of the Problem 

The complex and unpredictable nature of knowledge transfer generates serious 

challenges for engineering knowledge managers and knowledge workers in an organization 

(Landaeta, 2008).  A knowledge worker can be described as someone with a high degree of 

expertise, education or experience and the primary purpose of their job involves the 

creation, distribution or application of knowledge (Drucker, 1969; Kidd, 1994).  Due to the 

distinct discipline-specific capabilities required, engineers fall into the category of 

knowledge workers.  This complicates knowledge management (KM) and knowledge 

transfer and requires organizations to establish knowledge management systems (KMS) to 

accommodate alternative knowledge transfer techniques and processes (Gamble & 

Blackwell, 2002).  

Effective KM is necessary to achieve goals and to continue innovation at all levels 

within an engineering organizational environment.  Managing knowledge transfer begins 

with identifying all knowledge attributes, including boundaries, in order to ensure that the 

appropriate knowledge value is used to support knowledge-sharing at all organizational 

levels, both management and employee.  If barriers within an organization are not 

identified, the knowledge transfer impact cannot be identified and managed (McLaughlin, 

Paton & Macbeth, 2008).  The inter-generational differences that cause engineering 

mishaps have a consistent fault that relates the lack of knowledge transfer to the inability to 

identify, evaluate, translate and transfer generational knowledge needed to achieve 
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organizational goals (Davis, Sarkani & Muzzuchi, 2012).  This is very evident within 

multi-generational organizations like the federal government.   

The identification of the engineering generational knowledge transfer boundaries is 

the problem addressed by this dissertation research.  This research will address the 

existence of engineering generational knowledge transfer boundaries in order to avoid a 

disastrous future, plagued with preventable engineering mishaps stemming from the lack of 

strategic transfer of engineering and architectural knowledge.  This research expounds on 

the assertion that identifying the engineering generational knowledge transfer boundaries‘ 

obstructions will result in a significant reduction in the loss of engineering knowledge.   

This research is structured around the effects of knowledge transfer on multi-generational 

organizations like the federal government.  This research goes on to investigate the 

association between generational characteristics and knowledge transfer (Crumpacker & 

Crumpacker, 2007; Kim, 2008).  Characteristics and significant milestones or mishaps that 

occur during a generation, separate and shape generations to sustain gaps bounded by these 

generations (Chiles, 2002).  These generational gaps, viewed as barriers or boundaries, 

impede the strategic transfer of engineering and architectural knowledge (STEAK) (Davis, 

Sarkani & Muzzuchi, 2011).   

Like all obstacles, clearly defining the engineering generational knowledge transfer 

boundary is only the preliminary phase of an effective resolution to develop a process and a 

course of action for KM and knowledge transfer improvement (Kim, 2008; Davis, Sarkani 

& Muzzuchi, 2012).  This research aims to expand the domain of engineering knowledge 
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transfer by highlighting commonalities of values among generations that permits the 

transfer and absorption of generational knowledge (Kim, 2008).  For engineers, the 

generational knowledge transfer allows continuous improvement of processes and 

procedures that enables effective completion of tasks with little revision or rework 

associated with previous unsuccessful examples.  For management, the revision and 

transfer of knowledge can improve organizational capabilities, resulting in continuous 

learning with little knowledge loss (Hofstede, 2001).  No existing KMS is able to capture 

all or even most knowledge from a generation even if the knowledge transfer boundary is 

identified, but there is enough presumption to identify a methodology to establish 

generational characteristics as a parameter to improve knowledge transfer (Jennex, 2007).  

The comparative qualitative methodology used in this research produced a framework and 

a conceptual model that will be explored further for implementation and continued process 

improvement.   

The next section provides the dissertation research background.  

1.3 Research Background 

The concept of knowledge loss due to undefined knowledge barriers is not novel, 

but little literature to date has discussed the differences in soft knowledge utilization 

amongst different generations of engineers (Nonaka, 1991; Busch, Venkitachalam & 

Richards, 2008).  This research explores an emergent, investigative, qualitative approach to 

ascertain the existence of the engineering generational knowledge transfer boundaries 

needed to transfer the ‗softer‘ type of knowledge (Nonaka, 1991; Kogut & Zander, 1992) 
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that is less quantifiable (Kidd, 1994; Skyrme, 1998) and cannot be captured, codified and 

stored so easily in fields like engineering.  Extensive research into engineering boundaries 

and exploration of individual characteristics provides an adaptation of a combination of 

systems, engineering and KM methodologies.  This dissertation research includes 

examining the integration of models and frameworks from other knowledge boundary 

topics.  Exploration of qualitative research results correlates engineering generational 

perspectives and characteristics in order to validate the existence of engineering 

generational knowledge transfer boundaries (Crumpacker & Crumpacker, 2007; Kim, 

2008; Davis, Sarkani & Muzzuchi, 2012).  This approach is used to avoid a 

predetermination of the KM research direction while investigating existing knowledge 

transfer boundaries and engineering generational characteristics.  

Keeping in mind that knowledge rests in the heads of employees, different 

attributes limit the effective accumulation and transfer of knowledge (Sherif & Sherif, 

2006).  While managing knowledge within an organization, restrictions and gaps are 

inadvertently formed between various generations and communities.  These boundaries 

formed within organizational working groups are based on age, race, gender, discipline, 

culture, departmental and locality.  The gap between the aging and younger knowledge 

workers can be expressed in terms of personal affinities, promoting gravitation towards 

colleagues that share a similitude to exchange knowledge to achieve organizational goals 

(Ebrahimi, Saives & Holford, 2008).   
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Because the perception of age differs from one community to the other, 

generational retirement rates and the rate of entering engineers reveals a need to clearly 

define the boundaries that exist between the generations to determine the appropriate 

resolution to address knowledge loss.  Nonaka and Toyama (2005) express that knowledge 

should focus on elements like the ‗ba‘- space for socialization, ‗dialogue‘ and the 

company‘s ‗vision and driving objectives‘.  The ‗ba‘ or association in this instance is the 

generational gap and the ‗dialogue‘ is the knowledge and the ‗driving objective‘ is to 

transfer knowledge from one generation to another.  Defining these elements permits a 

better understanding and conceptualization of the existence of barriers between generations 

and the process required to transfer this engineering generational knowledge. 

Diversities between groups within the same organization cause these groups to 

understand knowledge differently or have a significant barrier to sharing knowledge.  

Because individuals can choose to share or conceal knowledge, the management of 

knowledge is related to the connection and not collection (Kim, Lee & Olson, 2006; 2008; 

Jennex, 2007). Collaboration between younger qualified and aging knowledge workers 

should be structured by the initiatives of management and from those directly interested in 

improving KM.  This dissertation research focuses on the generational separation inside the 

engineering community.  This generational separation impedes the strategic transfer of 

engineering and architectural knowledge (STEAK) required for continued engineering 

growth (Davis, Sarkani & Muzzuchi, 2011). 
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Knowledge plays an important role in engineering generational knowledge transfer, 

but has multiple definitions.  The main component of generational knowledge is human 

development and interaction with the KMS.  Organizations have acknowledged the 

importance of human knowledge and the need to retain the knowledge of retiring 

employees (DeLong, 2004).  The product of this knowledge is enhanced learning and 

capabilities.  The product can be used for continuous organizational development and 

continued knowledge transfer, improving KM.  The foundation of exceptional 

organizational KM is based on an organization‘s ability to create, capture, acquire and 

utilize knowledge to support and improve organizational performance (Kinney, 1998).   

Zemke, Raines and Filipczak (2000) define a generation as a body of individuals 

born in approximately the same time period who generally share similar behaviors and 

attitudes.  These generations in the workplace have different expectations, motivations, 

attitudes and behaviors that require understanding (Zemke, Raines & Filipczak, 2000).  

Events and conditions that take place during these instances determine who we are and how 

we see the world and help develop individual ‗generational personality‘ (Lancaster & 

Stillman, 2002).  There are benefits to understanding generational differences including 

increased recruitment and employee retention (Zemke, Raines & Filipczak, 2000).  

Accepting and identifying the generational knowledge boundary as a barrier enhances 

communication between generations and improve the exchange of needed knowledge. 

To examine engineering generational knowledge transfer in a multi-generational 

organization like the federal government, the awareness of various working engineering 
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generations is important to an overall successful KM program.  KM is essential to any 

company that has aspirations for continued growth and success.  This dissertation research 

evaluates the importance of identifying engineering generational differences of three 

engineering generations, Baby-boomer, Generations Xers and Generations Y (DeLong, 

2004) by clarifying the relationship between generational knowledge transfer and 

generational characteristics to improve KM and engineering knowledge transfer (Kim, 

2008).  

Holtshouse (2009) insists that with Baby-boomers retiring in masses over the next 

decade, the predictions of finding and retaining talented employees are difficult creating 

fewer knowledge workers.  This is mainly due to the imbalance between existing, entering 

and exiting workers.  Figure 1-1, Talent gap projections, from the Bureau of Labor 

Statistics (BLS) indicates that the employee demand is growing faster than supply 

(Holtshouse, 2009).   

 

Figure 1-1. Talent gap projections (Holtshouse, 2009) 
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Holtshouse‘s (2009) research compares the work values of younger workers to their older 

counterparts, showcasing the need for organizations to learn to accommodate a wide range 

of cultural and generational needs. 

As an organization‘s culture evolves with each generation, it is necessary to anchor 

an effective KM approach to evaluate and capture organizational knowledge.  This can be 

done by building a diverse and competitive workforce to help achieve the organization‘s 

long-term strategies and goals.  Tapping into the knowledge of aged workers is important 

to this plan.  DeLong (2004) asserts that the aging workforce could be one of the most 

pressing management problems and encourages organizations to address the knowledge 

drain holistically.  This requires an evaluation of organizational needs and mission 

requirements.  DeLong (2004) emphasizes that overlooking the implications of knowledge 

loss effects the overall cycle of an employee, from recruitment to retirement.   

The current search for data and information related to engineering knowledge 

transfer provides a partial view of the dissertation  hypothesis by focusing on knowledge 

transfer across projects within organizations in areas including industrial engineering, 

aerospace engineering and aviation (Carlile, 1997; 2004; Landaeta, 2003; Liebowitz, et al., 

2007; Pantelides, Allario & Antony, 2008; McNichols, 2010).  The existing literature is 

narrowed to discussions of soft and hard knowledge transfer and utilization amongst 

different generations of employees.  The literature does not address the identification of this 

boundary that adversely affects generations by impeding knowledge transfer (Busch, 

Venkitachalam & Richards, 2008; McNichols, 2010).  The flat, sequential and disjointed 
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learning environment of secondary engineering requires a different approach to address 

boundary identification (National Science Board, 2007). 

There is a perception within multi-generational organizations like the federal 

government that continuous process improvement (CPI) is a seamless knowledge transfer 

that indicates mission achievement (Asfaw, 2009).  This is corroborated by numerous 

knowledge transfer improvements presented in the research, primarily on knowledge 

transfer across project boundaries (Carlile, 1997; 2004; Landaeta, 2003; Liebowitz, et al., 

2007; Pantelides, Allario & Antony, 2008; McNichols, 2010).  The likelihood of CPI and 

improving knowledge transfer diminishes when the boundary is not identified (Asfaw, 

2009; Liebowitz, et al., 2007) 

When a knowledge boundary is not clearly identified, the correct course of action 

cannot be identified.  This boundary usually creates a gap in the knowledge transfer 

process.  In this instance the gap between generations is not clearly identified.  In 

engineering, generation gaps exist as an undefined generational knowledge transfer 

boundary that could result in a significant loss of knowledge from lessons learned, 

discipline accomplishments and related know-how (Davis, Sarkani & Muzzuchi, 2012).  

These generational gaps should be viewed as a barrier or boundary that impedes the 

strategic transfer of engineering and architectural knowledge within an organization (Davis, 

Sarkani & Muzzuchi, 2011).  Failure to consider the generational aspect of knowledge 

transfer will undoubtedly lead to knowledge-sharing issues in knowledge-demanding 

disciplines like engineering.   
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Since the generation gap is not viewed as a traditional organizational knowledge 

transfer boundary, multi-generational organizations like the federal government do not 

have assessment procedures to identify or transfer generational knowledge.  Engineering 

generational knowledge is defined as comparable knowledge that has evolved from a 

previous foundation of similar engineering knowledge (Liebowitz, et al., 2007).  Because 

this engineering generational knowledge is living, growing and built from previous 

knowledge, cross-generational knowledge transfer increases knowledge stickiness during 

the transfer across engineering generational barriers (Liebowitz, et al., 2007; Szulanski, 

1996).  It is affirmed that the transfer of engineering knowledge from the current federal 

retiring workforce is not being captured at the rate required to further organizational 

engineering capabilities without a significant decrease in productivity to enable the 

incoming workforce to continue without disrupting or making significant mistakes leading 

to major revisions or modifications (Bordeaux, 2009).   

This dissertation research emphasizes the importance of clearly identifying the 

existence of the engineering generational boundaries that may impede the knowledge 

transfer between generations.  This research presents a qualitative methodology for 

defining the engineering generational knowledge transfer boundary and presents a 

conceptual framework for evaluating the KM practices, knowledge transfer models and 

generational experiences and their linkages.   This approach draws from accessible 

generational characteristics, existing survey data and extensive literature review while 

undertaking the exploration of knowledge transfer strategies.  This research presents key 

findings from literature on the transfer of knowledge across clearly defined boundaries and 
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the implications from not clearly defining the generation knowledge transfer boundary.  

The findings will be summarized and a model and framework will be explored.   

By first identifying the engineering generational knowledge transfer boundary, 

engineering organizations and engineers will be able to understand the restrictions and 

better manage the knowledge transfer between each identified generational knowledge 

barrier (McLaughlin, Paton & Macbeth, 2008).  This approach reduces the complexity of 

engineering knowledge boundaries to help manage the impact of lost knowledge from 

undefined engineering knowledge transfer barriers affecting organizational objectives.  

This research utilizes identification techniques and boundary characteristics from numerous 

identified knowledge transfer boundaries to identify the engineering generational 

knowledge transfer boundary as a genuine knowledge boundary.  Once identified, these 

boundaries can be driven by both internal and external organizational influences and these 

barriers can be easily managed to achieve organizational goals (McLaughlin, Paton & 

Macbeth, 2008).   

Engineering knowledge transfer between the young and aging engineers should 

occur across shared contexts and should be exploited at all levels from management to 

practicing engineers (Ebrahimi, Saives & Holford, 2008).  This dissertation research 

explored existing knowledge transfer boundaries while identifying engineering 

generational knowledge transfer boundaries.   By enabling knowledge workers and 

engineering managers the ability to recognize knowledge for suitable knowledge transfer of 

desirable generational knowledge to support collaboration and maintain the engineering 
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disciplines.  By first identifying the boundary, a clear engineering management process can 

be established to transfer this needed knowledge.  Future research includes the induction of 

models, frameworks, and KM and engineering management tools to overtake the barriers 

between the younger and the aging personnel (Rao, 2005).  This assists and improves 

engineering generational knowledge transfer for continuous transmission of data, 

information and knowledge.    

The next section provides the objectives of this dissertation research. 

1.4 Research Objective 

This dissertation research is important to researchers and practitioners because it 

highlights the consequences of knowledge loss and management risks related to not 

identifying the engineering generational knowledge transfer boundary.  The objective of 

this qualitative research is to explore existing knowledge transfer boundaries. This will 

allow the engineering generational knowledge transfer boundary to be identified among 

secondary engineers within the federal government as a knowledge barrier.  This also 

draws attention to the consequences associated to not clearly identifying the engineering 

knowledge transfer boundary and provides an exploratory STEAK framework and model.  

The research then indicates further research to explore generational knowledge 

identification techniques to aid generations of engineers to improve management strategies 

and transfer processes.  These methods will enhance the sharing of knowledge and 

knowledge transfer between engineers within the federal government. 
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It is apparent that within the current workforce and organizations, there are various 

age groups that have various perspectives about knowledge (Crumpacker & Crumpacker, 

2007) and these age groups form communities that reserve a distinct perspective, but not a 

unified organizational objective.  By exploring how knowledge is transferred in a 

community of engineers and by realizing that cognition includes a capacity to narrate 

experiences and process information, guidelines for designing a knowledge transfer model 

to support engineering generational knowledge transfer is identified (Boland & Tenkasi, 

1995).   This dissertation research emphasizes the importance of defining the engineering 

generational knowledge transfer boundary and suggests the need to develop a preemptive 

model grounded in a systemic and evolutionary perspective.  Combining a top-down and 

bottom-up approach to define problems and evaluate solutions involved in the engineering 

qualitative methodology with a knowledge transfer standardization premise provides a 

model to build an integrating sustainable knowledge transfer processes. 

Figure 1-2, Engineering Generational Knowledge Transfer Premise, indicates a 

proposed basic engineering knowledge transfer cycle.   This premise was designed without 

reference to any knowledge boundary.  This assertion only represents the cycle of 

engineering knowledge and the imbalances that occur while knowledge evolves and is 

transferred.   This research intends to balance the unstable engineering knowledge 

foundations to improve knowledge transfer between generations by first defining the 

engineering generational knowledge transfer boundary, then identifying the proposed 

model as a tool to preempt knowledge loss.   
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Figure 1-2.  Engineering Generational Knowledge Transfer Premise (Davis, 2010) 

This includes improving entering and the existing engineer‘s relationships and augmenting 

knowledge integration for continuous process improvement.  While the engineering 

generational knowledge boundary is not clearly defined, this research uses the existing 

survey data to determine the validity of generational knowledge concerns.  The potential 

consequences for this unrevealed KM trend will result in a probabilistic future for any 

organization (Holtshouse, 2009). 

Due to engineering management's limited knowledge of aging workers, previous 

research has been unsatisfactory in identifying engineering generational knowledge transfer 

(Ebrahimi, Saives & Holford, 2008).  In approaching the engineering management research 

main objective of engineering generational boundary identification, it is important to 

review what has been learned about generational knowledge transfer from other genres.  
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Identifying the engineering generational knowledge transfer boundary enables management 

to recognize, interpret and tailor organizational knowledge needs to expand strategies and 

label knowledge transfer techniques that motivates engineers to share their skills and 

abilities in order to support the realization of organizational goals and objectives (Dwyer, 

2009).  Identifying and managing generational knowledge proficiently results in major 

engineering management products like the development of a knowledge capitalization tool 

beneficial for continuous innovation and the development of a perennial tool for integration 

of engineering management requirements (Ebrahimi, Saives & Holford, 2008).   

This dissertation research expands existing knowledge transfer boundary 

characteristics and methodologies in order to identify the existence of the engineering 

generational knowledge transfer boundary (Kim, 2008; Davis, Sarkani & Muzzuchi, 2012).  

The research investigates generational characteristics and existing KM literature as these 

relate to the identification of the engineering knowledge transfer boundaries as a genuine 

knowledge barrier.  After establishing the existence of the engineering generational 

knowledge transfer boundary, the research suggests a knowledge anticipatory model and 

framework to help understand and develop a collective mixed generational workforce.  

Evolutionary development outlines systems engineering and KM strategies that could make 

a significant difference in terms of creating value for the organization.   

The next section provides the importance of this research and examines the 

consequences of an undefined engineering generational knowledge transfer boundary in the 

federal government. 
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1.5 Significance of the Research 

The fields of engineering and architecture are highly collaborative fields and in the 

federal government, they are often incorporated into one group.  This dissertation research 

focuses on this combined group and engineering generational knowledge transfer that result 

in the creation of collaborative knowledge, which evolved from the soft knowledge.  Soft 

knowledge is the knowledge gained from organizational requirements, discipline-specific 

standards and engineering trends that contribute to specific generational knowledge.  

Because each generation evolves separately, the generational knowledge gap is formed, 

indicated in Figure 1-3, the Theoretical Generational Knowledge Transfer Developmental 

Theory.   

Figure 1-3, the Theoretical Generational Knowledge Transfer Developmental 

Theory indicates that while organizational engineering requirements, discipline-specific 

standards and emerging trends are used to develop specific generational knowledge, the 

absence of a collaborative engineering generational knowledge transfer method 

inadvertently forms an engineering generational knowledge gap.  With future advances in 

technologies and continued evolution of organizational structures, existing knowledge 

transfer approaches require exploration to identify effective methods to advance knowledge 

transfer across engineering generational boundaries.  This research provides a review of the 

literature on engineering KM, knowledge transfer, systems thinking and cooperative 

knowledge transfer boundary guides to encourage the use of the proposed engineering 

generational knowledge transfer model.  The results from this research can be easily 
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extrapolated to comply in many technical fields that may be affected by increasing 

retirement rates.   

 

Figure1-3. Theoretical Generational Knowledge Transfer Developmental Theory (Davis, 2010) 

Existing knowledge transfer boundary frameworks, models and methodologies 

have been explored to clearly identify the engineering generational knowledge transfer 

boundaries and create a STEAK Model.  This model can be used to identify and illustrate 

an engineering knowledge transfer structure that integrates engineering generational 

knowledge to engineering knowledge-sharing sustainment.  This discussion is used to 

expand on existing industry processes for sustained advancements in potential engineering 

knowledge transfer and KM practices.  This method allows organizations to make 

advancement with new technologies that will: 1) ease the transition of engineering 
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knowledge transfer from previous generations and 2) appease younger engineering 

generations who want to work smarter not harder.  

By defining the engineering generational knowledge transfer boundary as a 

knowledge-enabling condition, organizations can consider and invest in new ideas on how 

knowledge can be created and used in competitive situations to advance the organization.  

This process encourages the creation and sharing of knowledge by implementing an 

intellectual dialogue between engineering generations and increased activities related to the 

missions of the organization.  In past literature, information evolves into knowledge but 

this research contributes a value to that engineering knowledge.  This valuable engineering 

knowledge needs to be shared between generations in order to provide continuous systemic 

improvement. 

The goal of this dissertation research is to identify the engineering generational 

knowledge transfer boundary that could impede the transfer of pertinent knowledge 

between generations.  Once this boundary is clearly identified, the next goal is to build a 

preemptive STEAK Model from existing knowledge transfer models to focus on the 

transfer of engineering generational knowledge between generations.  This STEAK Model 

will allow for development of forecast techniques that will be used to foresee problems and 

improve engineering knowledge transfer trends.  The findings from this research provide 

the implication of a collaborative framework for planning and improving methods for 

engineering generational knowledge transfer.  The interactive engineering framework will 

contain a prioritized group of attributes based on the research that engineering 
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organizations can use as a guide for succession planning.  Additionally, this research can 

provide organizations and industries outside of engineering improved generational 

knowledge transfer techniques thus bringing awareness to existing KM and knowledge 

transfer issues, indicated in Figure 1-4, Research Significance.  

 

Figure 1-4. Research Significance (Davis, 2010) 

The next section describes the organization of this research document. 

1.6 Organization of this Document 

The evolution of an apparent KM theme, engineering generational knowledge 

transfer, is discussed in the sections that follow.  Subsequently, after the Introduction 

section, this document discusses a Literature Review of important aspects of KM and 

knowledge transfer.  This chapter goes on to categorize knowledge boundaries, explore 

people as barriers, define generations, relate generational characteristics and evaluate 

knowledge loss by examining retirement trends.  This chapter also presents an engineering 

generational knowledge transfer workflow diagram.  This chapter is concluded with a 
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literature summation and emerging KM focus on engineering generational knowledge 

transfer into the future.  

Next, the Research Methodology section describes the qualitative process used to 

identify the engineering generational knowledge transfer boundary and improvement 

strategies that this research effort addresses.  This section assesses the theoretical 

significance of the research and the existing methods used to address the preliminary 

research hypothesis.  This section also explores and applies engineering knowledge transfer 

and systems engineering methodologies to identify the existence of the engineering 

generational knowledge boundary.  In addition, this section indicates and integrates KM 

processes, models and frameworks in order to develop the STEAK Model and follow-on 

engineering generational knowledge transfer framework that will be identified.    

The Research Design and Methodology section is followed by the Findings section 

which describes the existing data collected and the analysis performed to characterize and 

extract meaning from the engineering survey conducted within a federal organization.  

Since this dissertation research is qualitative in nature (Denzin & Lincoln, 2000), further 

clarification of the extensive literature search is offered that provides follow-on 

performance objectives to allow for the use of a systematic approach to continue the 

refinement of the engineering STEAK Model, follow-on framework and engineering 

generational knowledge transfer graphical algorithm.  This section provides research 

findings that will be used as milestones to enable an organization to determine the need to 

initiate preemptive measures that will improve engineering generational knowledge transfer 
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across generational boundaries.  Several programs designed and used by the federal 

government are explored to provide a familiar integrative approach to identifying, 

evaluating, translating and transferring the generational knowledge needed for continued 

progress in the field of engineering. 

The Conclusions section follows and provides a summary of the major insights, 

discussions, implications of the research and several recommendations for further research 

areas based on engineering generational knowledge transfer issues and questions that arise 

as a result of the research.  The discussion of the results from the existing survey review 

and exhaustive literature review correlates in the identification of the engineering 

generational knowledge transfer boundary.  From these findings, the research suggests 

implication for organizational and management strategies, a STEAK framework (Davis, 

Sarkani & Muzzuchi, 2011) and suggests an emergent model that leads to a graphical 

algorithm, the essence of which is the determination of the shortest path between 

generational knowledge boundary identification and knowledge transfer.  This section ends 

with concluding comments and an implication for continued research.  The remaining 

section includes a Reference section. The next section identifies the scope and limitations 

of research. 

1.7  Scope and Limitations 

One of the greatest challenges faced when attempting to implement effective 

knowledge-sharing within an organization is transferring pertinent knowledge from one 

generation to the next (Liebowitz et al., 2007).  Despite knowledge-sharing initiatives and 
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incentives designed to encourage sharing and increase teamwork and facilitate a 

knowledge-sharing environment, there still seems to be an everyman for himself behavior 

(Malhotra, 2001). ‘Knowledge is Power’ is a well-known mantra but is it the opposite of 

knowledge-sharing?  Is age a barrier that could impede knowledge transfer? There are 

several knowledge barriers that indicate a need to further explore boundaries, including the 

apparent generational gap in today‘s workforce.  This generational gap exposes a boundary 

that seems to create a divide, labeling the Baby-Boomers as the ‗information gatekeepers‘ 

that tend to be resistant to change (Malhotra, 2001).   By first identifying the engineering 

generational knowledge transfer boundary, an inherent engineering generational knowledge 

transfer boundary model can be created and used by organizational knowledge managers 

and practicing engineers.   

The success of this dissertation research is contingent on the identification of the 

engineering generational knowledge transfer boundary as a knowledge barrier that has 

adverse affects on an organization.  Along with indicating the validity of the engineering 

generational knowledge transfer boundary, this research also intends to create a model to 

address future core knowledge transfer issues that are relevant to a multi-generational 

organization like the federal government.  The concerns of lost generational knowledge 

have already been felt throughout the federal government and precautions should be taken 

in order to avoid increased generational knowledge loss as well as the preservation of 

existing knowledge. 
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Although the goal of sharing generational engineering knowledge is not new, the 

above reflections, along with combining suggested frameworks and models, summarizes 

major features that contribute to an interactive model (Bennet, 2000) is a growing concern 

in ‗soft‘ knowledge areas like engineering.  ―Knowledge is soft not because of a lack of 

things being made explicit, but because of the existence of alternative perspectives and 

values‖ (Hall, Clegg & Sillince, 2008, p. 68). Since knowledge requirements are specific to 

each organization, this approach does not provide an all-inclusive response.  Existing 

literature indicates attempts to identify the issue of engineering generational knowledge 

transfer and proposes paths to follow to accomplish effective knowledge transfer for 

continued organizational success.  These efforts could effectively be transposed to identify 

and indicate generational knowledge concerns outside of engineering.  This continued 

research effort investigates specific processes for developing generational knowledge 

applicable for knowledge transfer to provide a wider range of solutions to organizational 

knowledge transfer concerns (Bennet, 2000).   

Each instance where engineering generational knowledge transfer does not occur 

varies but the consistent fault appears to be the lack of knowledge, the lack of sharing and 

the lack of transferring the knowledge needed to ensure organizational mission goals are 

achieved.  This is apparent in engineering mishaps explored in this literature review. To 

develop a successful product, engineers need to use progressively-shared knowledge as 

well as knowledge gained from past generations in other organizations and business 

cultures.  Additional research indicates that since knowledge transfer methods are 

dissimilar from one generation to the next due the variation in events that shape 
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generational characteristics, developing a universal model provides an instinctive process 

that will translate to fields outside of engineering.  This dissertation research is not 

expected to be equivalent to any other academic research project, but intends to provide 

relevant knowledge that can be used to continually improve KM and knowledge transfer in 

engineering, as well as other industries.  The STEAK Model, framework and algorithm is 

based on a review of generational learning research and knowledge transfer applications 

applied to multi-generational organizations.  The STEAK Model, framework and algorithm 

could be used for facilitating the flow of knowledge from those who have it to those who 

need it.   

The next chapter provides an exhaustive literature review of identified engineering 

journal and conference articles addressing the KM and generational knowledge transfer 

domain as well as non-engineering journals and publishing. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

Looking back through history, there are several engineering mishaps that are a 

direct result of the failure to understand and transfer technical engineering knowledge 

across undefined knowledge boundaries.  One engineering mishap explored to support the 

dissertation premise and highlight consequences associated with not clearly identifying 

knowledge boundaries was the 1940 collapse of the Tacoma-Narrows Bridge which 

connected the Tacoma Narrows strait of Puget Sound to the Kitsap Peninsula in the state of 

Washington.  During a storm on November 7, 1940, the wind velocity was strong enough 

to cause resonant vibrations throughout the bridge‘s structure resulting in destructive 

torsional oscillations and ultimately, deck failure and collapse (Fuller, Lang & Lang, 2000; 

Green & Unruh, 2006).  The principal cause of the Narrows Bridge‘s failure was its 

contested H-Shape cross-section and slender design which contributed to the bridge‘s 

flexibility and did not provide compensation for wind-induced oscillation (wsdot, 2005; 

Green & Unruh, 2006).   

The Public Works Administration field engineer and the consulting engineers could 

not effectively work together to use all available bridge and civil engineering knowledge 

and as a result, did not transmit the required engineering knowledge effectively; 

consequently, the ―entire engineering profession‖ was blamed for the mishap (wsdot, 

2005).  The lack of communication between the field engineer and the consulting engineers 
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created a barrier that prohibited successful knowledge transfer.  This created an 

unproductive working relationship that resulted in a failed design (wsdot, 2005).   A clearly 

identified knowledge transfer boundary linking the design limitations of the field 

engineers‘ constraints to the ambitions of the consulting engineers may have encouraged 

the use of knowledge from industry lessons learned as well as the obligations to public 

safety (wsdot, 2005; Green & Unruh, 2006).  This knowledge transfer boundary 

identification would have provided benefits of an improved bridge design by evaluating the 

design requirements, incorporating existing and evolving civil engineering knowledge and 

techniques, ultimately preventing this mishap.  Even though subsequent dynamical studies 

investigating the instability of bridge sections in wind-tunnel tests proved to be essential 

before building future bridges, the importance of engineering knowledge transfer had not 

been absorbed by the engineering community (Green & Unruh, 2006). 

Another mishap, the 1982 capsizing of the oil drilling rig Ocean Ranger, also 

highlights the consequences related to not transferring prior engineering knowledge 

(Chiles, 2002).  The cause of the mishap was attributed to the ballast valves design, 

operating flaws and the inability of the crew to evaluate and interpret deteriorating 

conditions (Chiles, 2002).  Failure of the ballast control room portlight led to power loss 

and uncertainty of the configuration and position of ballast valves which resulted in a 

forward list, ultimately capsizing of the rig (Lilley, 2011).  Lilley (2011) emphasized in the 

National Aeronautics and Space Administration (NASA) publication, System Failure Case 

Studies; Porthole to Failure, that the knowledge of the system operators was inadequate, the 
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lifesaving equipment was insufficient and there were no written casualty control procedures 

to ensure adequate system operation in an emergency.  

The company operating the rig did not demonstrate a learning culture that would 

have allowed an effective transfer of knowledge to enable the crew to understand how the 

stability system was designed and operated, along with how lifesaving gear should be used 

in actual extreme conditions (Lilley, 2011).  The knowledge boundary between the 

company operating the rig, operating crew and the system designer resulted in the inability 

to transfer valuable needed knowledge.  This inability to transfer and use the knowledge of 

rig operations resulted in a fatal engineering mishap. 

These noted engineering mishaps have proven to be hard lessons learned that may 

have been avoided if the engineering knowledge and risks were understood, shared, 

transferred or made available to others within and outside perspective industries or 

organizations.  This concept provides support to one aspect of this dissertation topic, 

identifying undefined engineering knowledge transfer boundaries to improve knowledge 

transfer in engineering.  Effectively transferring engineering knowledge like lessons 

learned or industry requirements that include a higher level of risk analysis and technical 

system understanding would have provided more favorable results in these engineering 

mishaps.  Over the years, engineering knowledge transfer has become a prominent part of 

engineering and boundary identification is a prerequisite to identifying needed knowledge. 
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During the 1990s, the concept of sharing or transferring technical engineering 

knowledge outside of departments within and outside of the federal government was new 

and needed knowledge was rarely shared because it was not identified as relevant or 

codified (Chiles, 2002).  During this time, engineering organizations like NASA realized 

that the concern for knowledge transfer would play an important role in the success of its 

mission.  Expanding on NASA‘s theory, knowledge managers in other engineering 

industries discovered that in order to develop a successful knowledge transfer progress, 

engineers need to use progressively-shared knowledge as well as the knowledge gained 

from the other departments and other parts of the organization to include diverse 

generations and cultures (Davis, Sarkani & Muzzuchi, 2012).  This enables better internal 

communication enabling effective knowledge transfer within the multi-generational 

engineering organizations and allows knowledge to be shared and not restricted to a 

specific division or department within organizations. 

Knowledge is important and should be identified, evaluated, translated and 

transferred if it is applicable (Davis, Sarkani & Muzzuchi, 2012).  In order to ensure the 

successful transfer of knowledge, individuals need to have ‗wall-to-wall‘ knowledge from 

the preceding engineering accomplishments and failures (Broad, 2010) to allow for the use 

of existing knowledge and continued process improvement.  Although the causes of each 

engineering mishap varied from inadequate risk analysis to technical evaluation of previous 

equipment failure, the consistent fault brings attention to the lack of knowledge transfer to 

include boundary identification, recognition of valuable knowledge and the evaluation, 

translation and transfer of knowledge needed to ensure mission goals were achieved 
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(Davis, Sarkani & Muzzuchi, 2012).  This knowledge transfer process, depicted below in 

Figure 2-1, Knowledge Transfer Process, promotes continuous interaction and describes 

the basis for the engineering generational knowledge transfer process (Nonaka, 1994; 

Liebowitz et. al, 2007; Davis, Sarkani & Muzzuchi, 2012).   The Knowledge Transfer 

Process proposes modeling the present knowledge transfer process and outlining why and 

how leadership is important to guide engineering generational knowledge transfer within an 

organization.  

 
Figure 2-1. Knowledge Transfer Process (Davis, 2010) 

The outcomes from previous engineering mishaps help shape engineering 

generations‘ knowledge perspectives and form barriers to knowledge transfer (Chiles, 

2002).  One such barrier is the wide age spreads between generations that present 

significant challenges and shape knowledge transfer boundaries in organizations as 

engineers encounter issues pertaining to age bias and differing values such as work habits 

shaped by these occurrences (Lesser, 2006), all these characteristic differences aid in the 

creation of the engineering generational knowledge transfer boundaries. 
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In approaching the KM research goal of identifying the existence of the engineering 

generational knowledge transfer boundaries, it is important to review what is known about 

generational knowledge transfer that will allow engineering organizations to forecast 

engineering succession rates, to initiate knowledge insurgence processes and allow for 

continued knowledge-sharing improvements.  This research is important because it 

emphasizes the absence of literature related to engineering generational knowledge transfer 

boundaries.  Previous research has been inadequate in addressing engineering generational 

knowledge transfer concerns in a multi-generational engineering organization (Kim, 2008). 

The existing literature is not clear on how to define new engineering knowledge transfer 

boundaries or how identified knowledge boundaries can be extrapolated to address current 

and future engineering knowledge transfer boundary issues to address anticipated 

retirement rates. This dissertation research sufficiently addresses these hypotheses by 

identifying existing cooperative KM practices and knowledge transfer methods that help 

identify the engineering generational knowledge transfer boundaries within industries like 

the federal government (Kim, 2008). 

In this introduction section, the foundation for the literature review is provided to 

address the relevance of identifying engineering generational knowledge transfer 

boundaries to KM.  This literature review is divided into four additional parts.  The 

Exploring the Literature section takes an in-depth look at the existing literature.  This 

section examines alternative definitions of knowledge while linking needed knowledge to 

engineering generational knowledge transfer.  Soft knowledge, which involves qualitative 

judgments high in pragmatic validity, serving important organizational functions, is 
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explored as a primary type of knowledge not being transferred from one generation to the 

next (Hall, Clegg & Sillince, 2008, p. 68).  Also in this section, KM and knowledge 

transfer literature is explored to correlate existing KM approaches and knowledge transfer 

methods to accurately identify the engineering knowledge transfer boundary.   

The next section, Categorizing Knowledge Transfer Boundaries, investigates 

existing knowledge transfer boundaries that allow for the evaluation and association of 

intrinsic values that could be used to create collaborative knowledge and help outline the 

engineering knowledge transfer boundary.  This included examining people as barriers, 

defining generations to explore the correlation between generational characteristics and 

knowledge transfer while relating generational characteristics to knowledge transfer 

boundaries and the inability to transfer generational knowledge. Next, the Evaluating 

Knowledge Loss section explores the retirement trends and effects of the retirement rates 

on knowledge transfer boundaries between existing and entering employees.  The final 

section, the Literature Review Summary and Research Potential section, summarizes the 

KM approach expansion from the identification of the engineering knowledge transfer 

boundary to the development of a model and framework that can be used to identify the 

engineering generational knowledge transfer stakeholder and failure consequences. 

2.2 Exploring the Literature 

This literature review is provided as a basis to address the relevance of linking the 

identification of engineering generational knowledge transfer boundaries to enhance 

existing KM practices in multi-generational organizations like the federal government. 
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During the literature review, KM and knowledge transfer literature was explored to 

correlate existing KM approaches and knowledge transfer methods. Knowledge transfer 

boundaries are explored to allow for the evaluation and association of intrinsic values that 

could be used to create collaborative knowledge. Overall retirement trends and federal 

engineering retirement rates were compared and investigated to evaluate the effects of 

retirement on knowledge transfer boundaries between existing and entering employees. 

The literature review summarizes the KM approach expansion from the identification of 

the engineering generational knowledge transfer boundaries to the development of a 

potential model and framework presented to identify the generational stakeholders and 

failure consequences. 

By exploring how knowledge is transferred in a community of engineers and by 

realizing that cognition includes a capacity to narrate experiences and process the 

information gained (Boland & Tenkasi, 1995), generations of engineers can improve 

knowledge transfer.  The division between generational characteristics could result in the 

inability to communicate and transfer knowledge and widen areas of misunderstanding 

among engineering generations (Davis, Sarkani & Muzzuchi, 2012).  Within multi-

generational environments, generational roles can be distinctively identified by the 

characteristics that shape that generation.   These generational characteristics emphasize the 

disruptions in communication that augment the break-down of knowledge transferred that 

may prevent or permit knowledge loss (Ebrahimi, Saives & Holford, 2008).   
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Figure 2-2, Generational Knowledge Transfer Literature Review Diagram, depicts 

the path of research literature from the inception of the engineering generational knowledge 

transfer premise to the implication of existence of the engineering generational knowledge 

transfer boundaries.  Figure 2-2 also indicates techniques for managing engineering 

knowledge assets and provides a course for improving knowledge-sharing.    This literature 

review flowchart substantiates that while knowledge transfer is unique and complex 

(Nonaka, 1991), the generational aspect only complicates the engineering generational 

knowledge transfer process. 

The major steps associated with managing engineering knowledge boundary assets 

and actual boundary identification are simulated.  The diagram indicates that there are 

consequences related to undefined engineering knowledge boundaries.  Thus, identifying 

the engineering generational knowledge transfer boundaries will improve engineering 

knowledge transfer.  Figure 2-2 shows a continued course of exploration of knowledge 

boundaries while attempting to identify the engineering generation knowledge transfer 

boundaries.  Feedback from employees to management is encouraged to ascertain 

stakeholder‘s involvement to further improve knowledge transfer.  The structure of 

knowledge is addressed by exploring the challenges of transferring knowledge across 

functional organizational boundaries (Carlile, 1997; 2002; 2004).  The literature review 

indicates given additional consideration to improving knowledge-sharing while trying to 

define lost knowledge coupled with increasing retirement rates. 
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While March (1991) alludes to the ambiguity of knowledge and the inability to 

transfer that knowledge, Stankosky (2005) insists that leveraging relevant knowledge 

improves knowledge transfer.  Both arguments were explored, and Figure 2-2 illustrates 

additional relevant literature reviewed while attempting to achieve the research objective.  

Project knowledge transfer across teams was the common method of knowledge transfer 

recognized within most of the literature (Carlile, 1997; Landaeta, 2003; Liebowitz, et al., 

2007; Pantelides, Allario & Antony, 2008).  This notion provides valuable insight to the 

personalities of individuals and introduces the link between characteristics and teamwork 

(Kim, 2008). 

Expanding to knowledge transfer barriers, the literature review of Argote and 

Ingram (2000) imply that knowledge transfer is a process through which one generation is 

directly affected by another generation. This is important to remember because needed 

knowledge is built upon and continues to evolve over time.  Does this knowledge have to 

be analogous or similar in order to evolve? Darr, Argote and Epple (1995) establish that 

knowledge transfer across similar franchises were more successful because of their internal 

relationship. Generational knowledge is comparable knowledge that has evolved from a 

previous foundation of similar knowledge (Davis, Sarkani & Muzzuchi, 2012).  

Engineering generational knowledge is living, continually growing and built from previous 

knowledge and cross-engineering increases knowledge adherence during the transfer across 

generational barriers (Szulanski, 1996; Liebowitz, et al., 2007). 
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The literature review emphasizes that diversity and dissimilarity in groups 

contribute to the inability to transfer knowledge across boundaries (Jackson, et al., 1991).  

It is important to categorize knowledge for transfer (Carlile, 1997) to anticipate problematic 

knowledge boundaries that may impede pertinent knowledge transfer (Carlile, 2002). 

Carlile (2002), talks about the syntactic and semantic barriers to knowledge-sharing and 

emphasizes that it is important to create some knowledge redundancy or common 

understanding (Nonaka, 1994) to enable continuous knowledge transfer.  This acceptable 

approach allows engineers to consider these unseen barriers to knowledge as an 

impendence leading to boundary identification.  Without this common understanding those 

receiving transferred knowledge will not be able to understand it and use it (Davis, Sarkani 

& Muzzuchi, 2012). 

Constraining the movement of expert knowledge needs to be examined to 

determine the retention and categorization of organizational knowledge over time (Argote, 

Beckman & Epple, 1990; Epple, Argote & Devadas, 1991) in order to classify knowledge 

as essential for utilization and continuous development in an engineering environment.  A 

vague knowledge transfer cycle without a defined path implies that knowledge transfer 

could have a positive or negative effect on other developmental knowledge cycles (Dretske, 

1981).  Constricting the path of knowledge across engineering generational knowledge 

transfer boundaries will increase knowledge transfer and allow the engineer to choose the 

required knowledge to transfer.  Clearly defining boundary characteristics and recognizing 

knowledge as an asset (Kogut & Zander, 1992; Grant, 1996; 1996) helps identify a 

sequence for knowledge integration (Kim, 2008). 
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In existing literature, the multi-generational organizational structure did not pose 

concerns (Kim, 2008) but the increased resistance due to the generational perspectives has 

uncovered the need to explore the engineering generational knowledge transfer boundary 

(Crumpacker & Crumpacker, 2007; Davis, Sarkani & Muzzuchi, 2012).  This dissertation 

research also provides a link between generational characteristics and the ability to transfer 

knowledge from one generation to subsequent generations.   

The next section of the literature review evaluates several definitions of knowledge 

as they relate to KM and knowledge transfer.  This research relates the concepts of 

classification, evaluation and translations of engineering knowledge to aid in the 

identification of knowledge that should be transferred to provide a framework that defines 

the function or purpose of knowledge and evaluates new experiences (Davis, Sarkani & 

Muzzuchi, 2012).   Understanding these interconnectivities helps identify the engineering 

generational knowledge transfer boundary.  The next section provides alternative 

definitions of knowledge and relates individual engineering knowledge to systems thinking, 

KM and knowledge transfer methods. 

2.2.1 Knowledge 

Before exploring KM and knowledge transfer processes, this research attempts to 

assess of the clear definition of actual knowledge (Nonaka & Takeuchi, 1995).  To gain an 

understanding of the principles of knowledge as it correlates to KM and knowledge 

transfer, several definitions of knowledge were explored and evaluated.  In order to provide 

an inclusive meaning of knowledge, this research incorporates components from several 
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definitions of knowledge while exploring knowledge capabilities that enable KM and 

knowledge transfer across generational boundaries in a multi-generational organization.   

The basic knowledge process identifies data, processed into information then 

applied to another area or situation; this relevant information can be developed into 

actionable knowledge that requires a reaction or response; but the relevant data can also 

become actionable knowledge (Kalse, et al., 2010).  The result of this process is tangible 

knowledge that can be used to provide information to enact a continued data-information-

knowledge process.  This process is demonstrated in Figure 2-3, The Evolution of 

Knowledge, below.   

 
Figure 2-3. The Evolution of Knowledge (Davis, 2010) 

Nonaka (1994) writes that information is a flow of messages, while knowledge is 

created and organized by the very flow of information, anchored on the commitment and 
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beliefs of its holder.  As information evolves into knowledge, it must be incorporated into 

the knowledge structure for a particular engineer and this makes it hard to manage that 

knowledge (Schlögl, 2005).  Nonaka (1994) maintains that the most important element of 

knowledge is action.  This is illustrated in Figure 2-3 with the indicated motion from the 

connectivity and relation of data, information and knowledge.  Information must meet three 

criteria to be considered knowledge and possess innovation; it must be interactive, relevant 

and applicable (Kalse, et al., 2010).  

Davenport and Prusak (1998, p.5) contend that knowledge is ―a fluid mix of framed 

experience, contextual information, values and expert insight that provides a framework for 

evaluating and incorporating new experiences and information‖.  This mixture includes a 

number of things such as experiences, beliefs, values, feelings, motivation and the 

information gained from these occurrences (Davenport & Prusak, 1998).  Knowledge is 

also said to be produced from the agreement or disagreement of ideas (Locke, 1689).  

Individuals are encouraged to evaluate ideas by transforming their senses into reflections, 

creating new ideas that can be used to advance the organization mission (Locke, 1689).   

Engineering knowledge can be defined as information with an intrinsic value, i.e. 

implications or connections to people, places, things, and technology (Davenport & Prusak, 

1998).  In an organizational environment, knowledge is the application of information to 

address specific situations and addresses the magnitude of uses and the context of 

information (Davenport & Prusak, 1998).  Acar and Burns (2001) contend that learning is 

the progression from data to knowledge and organizational knowledge is the highest form 
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of knowledge.  ―Learning is the process whereby knowledge is created by the 

transformation of experience‖ relating previous completed tasks, knowledge gained and 

knowledge transfer (Kolb, 1984, p.38) to improve KM.  

Aligning with Drucker (1985), knowledge can be expressed as the information that 

changes something by becoming the basis for actions or by making an individual capable 

of different, more effective actions. The assertion is based on the relationship between 

individuals.  This premise contends that knowledge is individually derived from personal 

understanding that can be used to identify, evaluate and translate knowledge that should be 

transferred (Davis, Sarkani & Muzzuchi, 2012).  This knowledge gained leads to process 

improvements and lessons learned that provide documented advancements that continues to 

evolve and grow as existing knowledge.  Knowledge, in this respect, is considered to be a 

living entity and the autopoiesis systems thinking theory is briefly explored to relate the 

human perspective of personal values (Parboteeah, Jackson & Ragsdell, 2010).   

Even though it may be necessary to define knowledge in content, it is not necessary 

to define the actual nature (type – tacit or explicit) of knowledge because it is essentially 

imbedded in the individual (Parboteeah, Jackson & Ragsdell, 2010).  Since the nature of 

knowledge is somewhat an ‗intangible asset‘ (Foray, 2000), it is important to point out that 

there exists an explicit and tacit part of this knowledge (Polanyi, 1966; Nonaka & 

Takeuchi, 1995).  This contributes to how knowledge is managed.  Tacit knowledge is 

intuitively understood and applied, difficult to articulate, developed from direct experience 

and action and is shared through interaction like conversation, storytelling and shared 
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experience (Zack, 1999).  Although removed from the original context of creation or use, 

explicit knowledge is more precise and articulated formally (Zack, 1999).  Building on 

Acar and Burns‘ (2001) attempt to discern between tacit and explicit knowledge, this 

research makes little distinction between types of knowledge but focuses on ‗soft‘ 

knowledge, (Nonaka, 1991; Kogut & Zander, 1992) both tacit and explicit generational 

knowledge, that are less quantifiable (Kidd, 1994; Skyrme, 1998) and cannot be captured, 

codified and stored so easily, but is needed to sustain an industry like engineering (Davis, 

Sarkani & Muzzuchi, 2012).   

This requires an effective KM approach.  This dissertation research expands 

previous KM research by various authors that discuss content-oriented approaches by 

widen the knowledge perspective (Schlögl, 2005).  The content-oriented approach focuses 

only on information and its use (Kannappanavar, Rajanikanta  & Tandur Satish, 2009) and 

the engineering generational knowledge transfer boundary approach focuses on the 

knowledge gained from analyzing individual human behavioral aspects and interactions, 

improving knowledge transfer and knowledge use (Davis, Sarkani & Muzzuchi, 2012).  

This engineering perception is explored further in the next section.  This next section 

introduces the basic engineering concepts of KM and provides the KM theme used for this 

research. 

2.2.2 Knowledge Management (KM) 

The use of KM across various fields has given the subject several different 

interpretations and meanings.  Effective KM requires a definition of knowledge that is 
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consistent, useful and true (Parboteeah, Jackson & Ragsdell, 2010).  It is pertinent to 

remember that different disciplines and generations always keep their perspective therefore 

organizations need to work from a consistent and correct understanding of knowledge 

(Parboteeah, Jackson & Ragsdell, 2010).  Because of varying generational characteristics, 

standardized KM implementation strategies are uncertain amongst engineering 

organizations (Jashapara, 2004).  KM includes the management of organizational practices 

that aim at improving the generation of new knowledge and the sharing of existing 

knowledge (Schlögl, 2005).  KM is also concerned with the management of work practices 

(Wilson, 2002) with the goal of improving the process of sharing information and 

knowledge in an organization.  The KM approach explored in this research is based on 

individual interaction and the interconnectivity of explicit and tacit knowledge (Nonaka & 

Takeuchi, 1995; Acar & Burns, 2001).  The human side of this approach is based on a 

social view of KM as it deals with the diversity of people and includes the interaction of 

individuals (Kuyken, Ebrahimi & Saives, 2009).   

KM can be defined as a systematic discipline and set of approaches to enable 

information and knowledge to grow, flow, and create value in an organization (Rao, 2005). 

This involves people, information and workflows while enabling tools, best practices, 

alliances and communities of practice to enhance KM and knowledge transfer (Rao, 2005).  

KM is used to help employees effectively create, share and exploit knowledge to enhance 

the organizational knowledge (Jashapara, 2004). KM supports leveraging relevant 

knowledge assets that will improve organization performance (Stankosky, 2005).  

Organizations have become knowledge industries in the 21st century‘s knowledge 



 

44 
 

economy (Drucker, 1985) and utilizing generational knowledge is a novel concept in 

engineering.  To effectively manage this innovative knowledge resource, an effective KM 

approach is needed.   

Ultimately, KM describes the set of processes associated with understanding and 

using knowledge assets.  KM uses a structured approach that establishes procedures for 

identifying, assessing and organizing, storing, and utilizing knowledge to meet the needs of 

an organization (Hansen, Nohria & Tierney, 1999).  These strategies utilized by 

organizations to manage the knowledge assets are based on different parameters, including 

the organizational leadership, models and frameworks (Hansen, Nohria & Tierney, 1999).  

The model below, Figure 2-4, The Knowledge Management Process Model, presents an 

overlapping, realistic view of the KM process based on managerial initiatives (Botha, 

Kourie & Snyman, 2008).  This model gives emphasis to the focus, people or technology 

and indicates the KM principle that will derive a useful solution because it provides a basis 

for evaluating the human aspect of KM and emphasize ‗what‘ type of knowledge is 

transferred; in this case it is generational (Hansen, Nohria & Tierney, 1999).   
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Figure 2-4. The Knowledge Management Process Model (Botha, Kourie & Snyman, 2008) 

Because of evolving perceptions of the value of knowledge, various concepts are 

associated to KM.   One such concept is the Knowledge Chain.  The Knowledge Chain is 

fundamental to the practical definition of knowledge management (Kalse, et al., 2010). 

There are four links in the Knowledge Chain that help determine the distinct aspect and 

durability of organizational knowledge and in premise, generational knowledge.  These 

four links include internal awareness, internal responsiveness, external responsiveness and 
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external awareness which are the series of interactions that constitute an organizational 

cycle of innovation or in this case, advancement of knowledge production and knowledge 

integration (Kalse, et al., 2010).   

Traditional organizational roles do not address either knowledge management or 

the cross-functional, cross-organizational process by which knowledge is created, shared 

and applied (Zack, 1999).  The KM goal for an organization is to be aware of existing 

individual and collective knowledge so that it can be used effectively (Bennet & Bennet, 

2004).  KMSs are intended to help an organization cope with turnover due to retirement 

and the influx of new employees by making the expertise of the organizational knowledge 

accessible (Kalse, et al., 2010).  There is pressure to provide KMSs to maintain a well-

informed, productive workforce and help organizations provide a consistent level of 

knowledge exchange (Kalse, et al., 2010).  

A functioning KMS follows six steps in a cycle from creation to dissemination, 

indicated in Figure 2-5, The Knowledge Management System Cycle (Kalse, et al., 2010).   

The cycle begins with existing knowledge that lends to the creation, capture, refinement, 

storage, management and dissemination of that knowledge before starting the cycle again.   

The cycle works as follows (Kalse, et al., 2010): 

1. Knowledge: Existing knowledge is evaluated for use and improvement. 

2. Create Knowledge: Knowledge is created as people determine ways of doing 

things or develop know-how. Sometimes external knowledge is brought in. 
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3. Capture Knowledge: New knowledge must be identified as valuable and be 

represented in a reasonable way. 

4. Refine Knowledge: New knowledge must be placed in context so that it is 

actionable. This is where human insights must be captured. 

5. Store knowledge: Useful knowledge must then be stored in a reasonable format in 

a knowledge repository so that others in the organization can access it. 

6. Manage knowledge: Like a library, the knowledge must be kept current. It must be 

reviewed to verify that it is relevant and accurate. 

7. Disseminate knowledge: Knowledge must be made available in a useful format to 

anyone in the organization who needs it, anywhere and anytime. 

 

Figure 2-5. The Knowledge Management System Cycle (Kalse, et al., 2010) 
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This cycle allows for continuous improvement and continued evaluation of identified 

generational knowledge without isolating past KM initiatives within organizations. 

People and organizations practice knowledge management to achieve two main 

objectives (Wiig, 1997), to build organizational knowledge and gain understanding of 

knowledge assets to enable overall organizational success with internal and external 

interaction (Kalse, et al., 2010).  While managing knowledge assets, it is shown that no one 

can effectively manage assets in the heads of employees (Collison & Parcell, 2001).  This 

knowledge has to be extracted in order to create, capture, acquire and utilize this pertinent 

knowledge to support and improve organizational performance (Kinney, 1998).  

Engineering generational knowledge transfer is a part of KM and the literature that pertains 

to it is in short supply.  Because of this, this research explores practical adaptability of other 

methods used to transfer knowledge across boundaries within international organizations, 

groups, teams, and cultural limits (Pantelides, Allario & Antony, 2008).   

The next section provides substantial review of knowledge transfer criteria and 

milestone development to help identify the engineering generational knowledge transfer 

boundary as a justifiable barrier to knowledge transfer.   

2.2.3 Knowledge Transfer 

KM is used to manage the collective knowledge assets of an organization.  These 

knowledge assets are held by people and contained within the organization and it is 

necessary to understand the effect of its use as well as the impediments to usage in order to 
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prepare a plan of actions intended to transfer knowledge (Boisot, 1998).  Figure 2-6, The 

Affiliates of KM, displays the interconnectivity of knowledge assets and specifies KM 

elements to provide the basis for understanding how knowledge transfer can be 

accomplished within, and across, operational divisions.   

Knowledge 
Assets

Assess 
knowledge

Transform 
Knowledge 

Transfer 
Knowledge

Use 
Knowledge

Update 
knowledge

Preserve 
Knowledge

Develop 
Knowledge

 

Figure 2-6. The Affiliates of KM (Davis, 2010) 

Figure 2-6 also illustrates the need for a segmented framework to achieve knowledge 

transfer.  Although segmented, the approach must also effectively define ―knowledge 

assets‖ to successfully relate generational characteristics and engineering generational 

knowledge transfer boundaries.  This is important to existing and future generations to 
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allow for continued evaluation of generational characteristics to ensure preparation for 

modifications of generational boundary identifiers.  This research explores knowledge 

transfer in order to enable the uninterrupted transfer of an organizational generational 

knowledge. 

Understanding and implementing effective knowledge transfer processes is 

important because of the dynamic generational shifts occurring in the workplace.   

Knowledge transfer strategies can be unclear and difficult to implement and there are few 

resources for the area of knowledge transfer within multi-generational contexts (Stevens, 

Clark & Millage, 2010).  The impact of knowledge identity is important in terms of 

knowledge transfer because undefined knowledge cannot be properly managed which leads 

to the inability to transfer that knowledge.  Identifying needed knowledge improves 

communication and helps classify that knowledge for future use.   

Previous literature suggests that knowledge without communication is the same as a 

society without language (Nonaka & Takeuchi 1995; Dyer & Nobeoka 2000; Burgess 

2005; Eppler 2007; Mohr 2007).  Although potentially useful knowledge is available to 

engineers, knowledge often remains unused because no one takes time to look for it within 

an organization (Newell, 2005).  This lack of knowledge distribution creates a demand for 

the transfer of knowledge.   Knowledge transfer between individuals is a unique and 

complex phenomenon involving individual meanings and interpretations (Nonaka 1991).   



 

51 
 

Effective knowledge transfer raises the level of innovation, retains and leverages 

existing knowledge, accelerates product knowledge transfer, identifies and effectively 

deploys best practices, speeds up problem-solving, integrates and exploits new expertise 

and accelerates individual and organizational learning (Rao, 2005).  Organizations have 

realized that multi-generational relationships shape the way individuals from the multi-

generational organization perceive one another and acknowledge the different 

characteristics of generations remit knowledge loss (Kim, 2008; Davis, Sarkani & 

Muzzuchi, 2012).  

Knowledge transfer is more about the connection of engineers and less about the 

actual collection of knowledge (Jennex, 2007) because expertise location and the 

continuous exchange of knowledge within an organization are important to sustain a multi-

generational organization.  Argote and Ingram (2000) imply that knowledge transfer is a 

process through which one generation is directly affected by another generation.  While 

exploring knowledge transfer boundaries, personal characteristics were exposed as a 

contributor to the ability to transfer knowledge (Kim, 2008; Davis, Sarkani & Muzzuchi, 

2011).  It was revealed that people can be barriers and because life experiences and 

characteristics vary from person to person, these differences can develop into significant 

knowledge barriers (Lancaster & Stillman, 2002).  McLaughlin, Paton and Macbeth (2008) 

give detailed descriptions of people as barriers which validate the premise that generational 

characteristics aid in the hindrance of knowledge transfer across generational boundaries.  

These characteristics widen the knowledge transfer gap, and indicate the existing multi-
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generations in today‘s workforce are more prone to these barrier characteristics than 

previous generations (Kim, 2008).   

Knowledge transfer between the young and aging engineers should occur across 

shared contexts and should be exploited at all levels from management to practicing 

engineers (Ebrahimi, Saives & Holford, 2008).  This assists and improves engineering 

generational knowledge transfer for continuous transmission of knowledge.  This 

dissertation research is important to researchers and practitioners because it highlights the 

consequences of engineering knowledge loss and management risks related to not 

identifying the engineering generational knowledge transfer boundary.   

The next section attempts to categorize existing knowledge transfer boundaries, and 

relates these knowledge transfer methods and processes to the identification of engineering 

knowledge transfer boundary. 

2.3 Categorizing Knowledge Transfer Boundaries 

As people retire, organizations have come to realize that exiting employees take 

valuable knowledge with them.  While managing knowledge and technology transfer 

within an organization, restrictions and gaps between various communities and their 

technology fields are inadvertently formed (Stevens, 2010).  Industries like business, 

education and medicine have all recognized consequences of not sharing generational 

knowledge as an issue and identified engineering generational knowledge transfer models 

and processes to attempt to seamlessly transfer needed knowledge across boundaries.  
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These knowledge transfer boundaries are formed based on groupings such as race, gender, 

discipline, culture, department, locality and age (generations) (Carlile, 1997; Landaeta, 

2003; Sun & Scott, 2005; Liebowitz, et al., 2007; Pantelides, Allario & Antony, 2008; Kim, 

2008; Stevens, 2010).  Expanding on these established boundaries, aided in indentifying the 

engineering generational knowledge boundaries and the knowledge needed for continuous 

development.   

Undefined knowledge boundaries increase the need for knowledge management 

and these constraints are not distinct to different barriers (Nonaka, 1994; Carlile, 2002, 

2004).  It is vital to remember that KM principles are valuable to gain ‗know-how‘ and 

‗harvest‘ pertinent knowledge to transfer knowledge across boundaries (Duffy, 1999).  

Boundary-less organizations have addressed accurately defining barriers that impede the 

transfer of knowledge outlining valuable KM principles (Ashkenas, et. al, 1995).  These 

organizations address the need for shared agreements that may result in situational changes, 

thereby improving knowledge transfer boundary identification (Nonaka, 1994).   

To identify the engineering generation knowledge transfer boundaries, the literature 

search leads outside of engineering. The business and public sector seem to lead the charge 

on transferring knowledge across generational boundaries, but the federal government has 

not adopted an effective process to account for increasing retirement rates; this will 

inevitable effect the novel workforce. This process requires a top-down approach that is 

more management driven emphasizing organizational knowledge not individual knowledge 

transfer.  The processes provided by Meckler (2001), Wallace, Fertig and Stewart (2007) 
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and Crumpacker and Crumpacker (2007) associate the advance foresight and planning of 

knowledge transfer needs to a successful outcome.  Meckler (2001) examines 

organizational knowledge between departments and types of employees to effectively 

enhance strategic implementation to maximize organizational knowledge in a business 

environment.  Wallace, Fertig and Stewart (2007) developed a knowledge transfer 

framework to reduce knowledge barriers in the public sector but it emphasizes the sharing 

of knowledge within the entire organization.  Crumpacker and Crumpacker (2007) insist 

that the impact of generational preference exists in the workplace and encourages the 

Human Resources (HR) Department within an organization, to participate in order to 

understand the value of the employees across each generation.  This research is based on 

involvement of all stakeholders, including engineers and management. 

Further research on the topic of knowledge transfer across boundaries uncovered 

several authors that integrate feedback from employees and encourage management 

involvement.  This process was implemented to improve knowledge transfer across 

boundaries during the local and international knowledge transfer boundary process.  Carlile 

(1997; 2002; 2004) explores the challenges of transferring knowledge across functional 

organizational boundaries by addressing the structure of knowledge in a given functional 

area.  Carlile (1997) observed the actual functional practices of categorizing knowledge for 

transfer within groups.  Pantelides, Allario and Antony (2008) explore organizational 

knowledge transfer across cultural boundaries.  Carlile (1997) and Pantelides, Allario and 

Antony (2008) all focus on international organizations, groups or teams and cultural 

boundaries as a basis for their studies.   
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From continued research of numerous papers authored by Liebowitz (1998; 2007; 

2010) and Jackson (2010), detailed knowledge transfer across boundaries in the public 

sector and within the federal government were explored.  Liebowitz et al. (2007) address 

the ‗cross-generational‘ knowledge transfer in edge organizations.   Because the federal 

government workforce is rapidly changing due to retirement and new engineer influx, the 

edge organization concept is an apparent comparison for absorption.  The interrelation of 

people, process and tools is addressed in this research.  Liebowitz et al. (2007) seek to 

investigate how cross-generational biases affect tacit knowledge transfer and resulting 

knowledge flows.  In one paper, Liebowitz (1998) focuses on the use of information 

technology in KM and knowledge transfer within public organizations and the federal 

government, but not specifically engineering.  There continues to be an overwhelming need 

to get reliable and valid data (Liebowitz et al., 2007).  Jackson (2010) focuses on 

knowledge capture and highlights the concern for the loss of knowledge expected due to 

baby-boomer retirement rates.  Jackson (2010) also realizes the need to integrate useful 

accessible technology to successfully continue to transfer knowledge from one generation 

to the next.    

Kolb‘s (1984) learning cycle approach was also used to help identify the 

engineering generational knowledge transfer boundary.  Kolb‘s (1984) learning cycle 

approach is examined as it relates the importance of social systems, technical systems and 

barrier identification.   The learning cycle approach encourages individuals to rely on their 

personal or shared experiences to identify better practices (Kolb, 1984), but this research 
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encourages learning from lessons from other generations as well (Davis, Sarkani & 

Muzzuchi, 2012).  

This research studies the existing knowledge transfer boundaries with the goal to 

clearly identify engineering generational knowledge transfer boundaries.  This knowledge 

transfer boundary identification will allow knowledge workers and engineering managers 

to recognize and transfer desirable generational knowledge, ultimately promoting 

collaboration and sustainment of engineering disciplines.  By first identifying the boundary, 

a clear management process can be established to transfer this needed knowledge along 

with successful processes and procedures for engineers.   

The next section takes a look at the correlation between people and knowledge 

transfer boundaries. 

2.3.1 People as Barriers 

While exploring knowledge boundaries, location, race, gender and age are several 

contributors that form barriers to knowledge transfer.  Because many of the contributors 

relate directly to individual attributes, people were identified as a major contributor to the 

ability to transfer knowledge (McLaughlin, Paton & Macbeth, 2008).  Until knowledge is 

shared within the organization, it only exists in the head of employees and this is why 

people are considered to be one of the most critical factors in knowledge management.  

They create knowledge, share knowledge, learn and use knowledge to complete the 

organizational objectives (Bennet, 2000).  An important dimension to the definition of 
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knowledge, KM and knowledge transfer is the human factors that describe how knowledge 

is transferred, absorbed and applied to address specific organizational issues (Hansen, 

Nohria, & Tierney, 1999).  Organizations cannot develop, learn or grow independently of 

its human capital but individuals learn, develop and acquire knowledge both independently 

and within the organization (Bogdanowicz & Bailey, 2001).  People bring prior education, 

experience, knowledge and skills, and as they interact within the organization, they draw on 

their experience to develop their skills and knowledge further, adding value of the 

organization (Bogdanowicz & Bailey, 2001).   

Through this research, it was discovered that people can be barriers.  Because of life 

experiences and characteristics variations from person to person, these differences develop 

into significant knowledge barriers.  Affirming people as barriers validates the premise that 

characteristics contribute to the hindrance of knowledge transfer across knowledge 

boundaries (McLaughlin, Paton & Macbeth, 2008) and further support the identification of 

the engineering generational knowledge transfer boundary.  People barriers include 

(McLaughlin, Paton & Macbeth, 2008): 

 Internal resistance  

 Self-interest 

 Lack of trust  

 Risk 

 Fear of exploitation 

 Fear of contamination 

These barriers widen the knowledge transfer gap, and some engineering generations are 

more prone to these characteristics than others (Kim, 2008).   
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Generally people with similar backgrounds such as gender, race, education and 

income tend to share similar viewpoints, worldly outlooks, communication styles, work 

habits and expectations, as well as experiencing a greater comfort level with each other 

(Sago, 2001).  Since they experience the same events and conditions, the same is true of 

members from similar generations adopting its own ‗generational personality‘ (Lancaster & 

Stillman, 2002).  The generational connection is also a key variable in determining 

employee, consumer and overall human behavior (Sago, 2001).  Both the timing and 

experience gained from life events are highly influenced by the engineering environment, 

for example, the contrasting values of those who came of age in war times versus those 

raised in peace times (Zemke, Raines, & Filipczak, 2000). The linearity between these 

generational characteristics and knowledge transfer vary and adversely affect work ethics 

and attitudes (Kim, 2008). 

While investigating engineering generational knowledge transfer boundaries, 

literature revealed that diversity and dissimilarity in groups contribute to the inability to 

transfer knowledge across boundaries (Jackson, et al., 1991; Davis, Sarkani & Muzzuchi, 

2012).  It is important to categorize knowledge for transfer (Carlile, 1997) to anticipate 

problematic knowledge boundaries that may impede pertinent knowledge transfer (Carlile, 

2002). The barriers to knowledge-sharing give emphasis to the importance of creating some 

knowledge redundancy as a rule of thumb to enable continuous knowledge transfer 

(Carlile, 2002; Nonaka, 1994).   Knowledge transfer is a process through which one 

generation is directly affected by another generation (Argote & Ingram, 2000).  This is 

important to remember because needed knowledge is built upon individual personal 
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experiences and continues to evolve over time.  Without this common understanding those 

receiving the transferred knowledge will not be able to understand it, contributing to people 

as barriers.   

The next section provides insight into the argument of separation due to 

generational differences.  By first defining generations in today‘s workforce, personal 

values and characteristics can be identified to further disintegrate the knowledge transfer 

barriers between these generations. 

2.3.2 Defining Generations 

A generation can be described as a body of individuals born in approximately the 

same time periods who generally share similar behaviors and attitudes (Zemke, Raines & 

Filipczak, 2000).  From the research it was discovered that 85% of professionals interact 

with at least three different generations at work (Bridge Consulting, 2012).  Three 

predominant generations identified in the workforce include Baby-boomers born between 

1946 and 1964, Generation X, include individuals born between 1965 and 1980 and 

Generation Y, include individuals born after 1980 (DeLong, 2004).  This dissertation 

research does not research Generation Z as these individuals born after 1990 did not 

represent a prominent part of engineers at the inception of the research. All these 

generations have varying perspectives about knowledge due to events and historic 

occurrences surrounding different age groups (Crumpacker & Crumpacker, 2007).  78% of 

individuals perceive a major divide between the point of views of younger and older people 

(Bridge Consulting, 2012).  It is unwise to declare one generational perspective the only 



 

60 
 

right way to see things (Fog, 2003) because these different perspectives often lead to 

different kinds of discoveries, all of which may be important to all generations.   

Proponents of engineering generational knowledge transfer maintain that values 

associated with knowledge are imprinted for life and defined by historical events that occur 

as people mature into adulthood (Giancola, 2006). These events condition a person and 

determine personal traits and worldviews (Kim, 2008).  As a result, Baby-boomers seem to 

value personal growth and personal gratification while seeking job security, generation X; 

individuals are independent, autonomous and self-reliant  than previous generations; and 

generation Y are less self-gratifying and value team work and collective action (Zemke, 

Raines & Filipczak, 2000; Karp, Fuller & Sirias, 2002; Kersten, 2002; Lancaster & 

Stillman, 2002).  Because of this, communities are formed with distinct characteristics and 

perspectives, sometimes without a unified organizational objective (Crumpacker & 

Crumpacker, 2007).  By exploring how knowledge is transferred in a community of 

engineers and by realizing that cognition includes a capacity to narrate experiences and 

process the information gained (Boland & Tenkasi, 1995), generations of engineers can 

improve knowledge transfer.  

These generations in the workplace have different expectations, motivations, 

attitudes and behaviors that require individual understanding (Zemke, Raines & Filipczak, 

2000).  Significant events and conditions determine generations and how those generations 

view the world and help develop individual ‗generational personalities‘ (Lancaster & 

Stillman, 2002).  Organizations have acknowledged the importance of human knowledge 
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and the need to retain the knowledge of retiring employees for continuous knowledge 

transfer and improvement within generations and organizations (DeLong, 2004).   

This next section relates associated generational characteristics that create 

separation or gaps between generations with the research objective of identifying 

engineering generational knowledge transfer boundaries.   

2.3.3 Relating Generational Characteristics 

Although previous research has been unsatisfactory in identifying the engineering 

generational knowledge transfer boundary, the characteristics that separate these 

generations has been explored (Ebrahimi, Saives & Holford, 2008; Kim, 2008).  

Characteristics are formed by relating significant milestones or mishaps that occur during 

generations with the separation that shape generations to sustain gaps bounded by these 

generations (Chiles, 2002).  It is not realistic to expect that all generations possess the same 

characteristics and it is clear that generational characteristics function as an essential 

platform to facilitate knowledge transfer (Kim, 2008; Davis, Sarkani & Muzzuchi, 2012).   

As historical events play out during each generation, they shape unique attitudes, 

values and daily work styles (Lancaster & Stillman, 2002).  These characteristics contribute 

to the generational gaps and help form barriers or boundaries that impede the strategic 

transfer of engineering and architectural knowledge (STEAK) (Davis, Sarkani & 

Muzzuchi, 2011) and other knowledge.  Identifying and interpreting generational 

characteristics proficiently results in major engineering management products like the 
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development of a knowledge capitalization tool beneficial for continuous innovation and 

the development of a perennial tool for integration of engineering management 

requirements (Ebrahimi, Saives & Holford, 2008).   

Generational characteristics help bound and classify knowledge but may also 

restrict the transfer of that knowledge to other generations.  Therefore, it is important to 

review what is known about the characteristics of generations and recognize the limitations 

to allow for inclusion of these differences (Kim, 2008).  Upon further review of identified 

generational personalities, these characteristics emphasize the importance of creating an 

allowance for some excess knowledge and providing a common understanding (Nonaka, 

1994) to enable the continuous knowledge transfer between generations.  This research 

expands on the domain of engineering knowledge transfer by examining the differences 

and commonalities among generational characteristics in relation to boundary identification 

(Kim, 2008).   

The diverse expectations and experiences of generations have an overall impact on 

how each generation approaches and reacts to situations in an organization and having an 

understanding of other generations is critical but may not be practical.  Previous research 

draws attention to presumed generational boundaries that separate engineering disciplines 

and contribute to knowledge transfer failures (Davis, Sarkani & Muzzuchi, 2011).  Relating 

generational characteristics allows management to recognize, interpret and adapt 

knowledge needs to expand strategies and identify knowledge transfer techniques that 
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motivate aging engineers to share their skills and abilities in order to support the realization 

of future organizational goals and objectives (Kim, 2008; Dwyer, 2009).   

Generational characteristics are influenced by significant events or mishaps that 

occur during specific timeframes, defining a generation based on historical occurrences.  

Engineering history provides some occurrences that provide instances of the impedance to 

engineers knowledge transfer from one generation to the next.  Referring through history, 

there are several engineering mishaps that have occurred that help shape engineering 

generations‘ knowledge perspectives (Chiles, 2002).  Several of these events are identified 

earlier in this chapter and indicate the lack of engineering knowledge transfer from 

previous years and the results of several engineering mishaps.  These outcomes support the 

notion that significant occurrences in history not only indicate the absence of engineering 

knowledge transfer, but also help identify the engineering generational knowledge transfer 

boundary.  These occurrences shape the characteristics of the generations that are directly 

affected by the event.   

Some of these generational characteristics are presented in Table 2-1, labeled 

Generational Characteristics (Zemke, Raines & Filipczak, 2000; Karp, Fuller & Sirias, 

2002; Kersten, 2002; Lancaster & Stillman, 2002).  These generational characteristics help 

define the engineering generational knowledge transfer boundaries by associating specific 

human traits to a generation and relating that trait to the knowledge transfer process. 
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CATEGORIES BABY-BOOMERS GENERATION X GENERATION Y 

CHARACTERISTICS Encouraged to explore  

Educated 

Desire quality 

Independent 

Cause-oriented 

Fitness conscious 

Question authority 

 

Serious about life 

Loyal to relationships 

Stressed out 

Self-reliant 

Skeptical 

Highly spiritual 

Survivors 

Encouraged to achieve and excel 

Hard workers-flexible 

Viewed as heroes 

Techno-savvy 

Extreme fun 

More law abiding 

Most socially conscious 

Most educated-minded 

New confidence 

Full of self-esteem 

Volunteerism high 

Table 2-1. Generational Characteristics (Zemke, Raines & Filipczak, 2000; et al.) 

The historical engineering occurrences discussed in the previous chapter were 

direct results of critical technical engineering knowledge not being transferred or shared 

across knowledge boundaries.  These occurrences have proven to be hard lessons learned 

that shape the ―work style‖ of engineers from that generation and the generations that 

follow (Zemke, Raines & Filipczak, 2000; Karp, Fuller & Sirias, 2002; Kersten, 2002; 

Lancaster & Stillman, 2002).  Table 2-2, Work Styles provides a look at a few of these 

characteristics that lend to the value system and characteristics of a generation.   

CATEGORIES BABY-BOOMERS GENERATION X GENERATION Y 

WORK STYLE Personal fulfillment  

 

Tentative-divided 

loyalty  

Networking  

Team 

Flexibility and Employability 

Table 2-2. Work Styles (Zemke, Raines & Filipczak, 2000; et al.) 

In engineering, these generational work styles facilitate the identification of the gap 

that exists between generations, the engineering generational knowledge transfer boundary.  

These work styles are as diverse as the generations and indicate that by knowledge transfer 

is viewed differently by varying generations.  This generational approach provides 
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solutions to knowledge transfer issues in a somewhat conflicting manner.  This is just a 

single indication of the engineering knowledge transfer boundary that impedes knowledge 

transfer.  With generational characteristics outlined, management can accomplish 

organizational goals and accommodate generational concerns while bridging the generation 

gap.  This also allows management to evaluate and address risks to accommodate 

continuous process improvement. 

The disjointing between engineering generational characteristics and engineering 

generational knowledge transfer indicate the inability to communicate and transfer 

knowledge and widens areas of misunderstanding among engineering generations.  In order 

to ensure the successful transfer of knowledge, individuals need to have access to ‗wall-to-

wall‘ knowledge from the preceding accomplishments and failures throughout an 

organization (Broad, 2010).  Within multi-generational environments, generational roles 

can be distinctively identified by the characteristics that shape specific generations.   These 

generational characteristics highlight some of the causes of the interruptions in 

communication that augment the break-down of knowledge transferred that may prevent or 

permit knowledge loss (Ebrahimi, Saives and Holford, 2008).   

From the research, it was revealed that generational differences contribute to 

organizational knowledge loss.  While each generation has its merits and strengths, their 

weaknesses and stereotypes can cause contention and disrespect allowing differing work 

styles and modes of communication to contribute the knowledge transfer boundary and the 

ability to transfer knowledge from one generation to the next (Stevens 2010).  Due to 
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varying expectations, motivations and overall perspectives, generational gaps are formed 

and restrict knowledge transfer across generations (Davis, Sarkani & Muzzuchi, 2012).  

Building bridges across generation gaps used to be considered unproblematic until the late 

1960s when the widening generation gap evolved into an age war due to rapid cultural 

changes that were highlighted by the previously identified mishaps (Strauss & Howe, 

1991).  This gap highlights a deliberate separation of generational knowledge caused by 

generational characteristics formed by specific events that occurred during a generation 

(Kim, 2008).  This presumed lost knowledge could be used to increase competencies and 

enhance future capabilities which can be defined by achievements and failures within 

engineering fields during a specific generation.   

This next section evaluates the consequences to knowledge loss as generations 

fluctuate in and out of the work force.  

2.4 Evaluating Knowledge Loss 

Organizations have realized that multi-generational relationships shape the way 

engineers from the multi-generational organization perceive one another and acknowledge 

that different characteristics of generations contribute to knowledge loss (Kim, 2008; 

Davis, Sarkani & Muzzuchi, 2012).  The concern of knowledge loss caused by increased 

retirement rates has already been mentioned (Kuyken, Ebrahimi & Saives, 2009), but is 

further complicated by the number of aged knowledge workers taking with them critical 

expertise and experiential knowledge that did not exist a generation ago (DeLong, 2004).  
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As these workers‘ numbers decline so does the retention of the critical knowledge across 

the organization and this leads to generational knowledge loss.   

The characteristics that bound these generations reveal specific traits that directly 

affect work ethics and attitudes toward varying engineering generations widening the 

knowledge gap and obstructing knowledge transfer (Kim, 2008).  Not to mention, 

individuals that retire, leave organizations with inexperienced personnel in an increasingly 

sophisticated environment like engineering which increases the risks of serious and costly 

mistakes (DeLong, 2004).  To prevent knowledge loss, organizations should focus on the 

people and the processes necessary to transfer generational knowledge across the 

organization in hopes to address behavioral characteristic that hinder engineering 

generational knowledge transfer.  This research revealed that generational differences 

contribute to engineering knowledge loss, but do engineering organizations realizes what is 

at STEAK?  Engineering knowledge loss impacts organizational performance and stifles its 

ability to continually transfer knowledge to fill the generational knowledge gap of 

incoming engineers.    

The next section provides retirement trends within the federal government to draw 

attention to the need to transfer engineering generational knowledge to reduce the impact 

on organizations due to this demographic shift. 
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2.4.1 Retirement Trends 

Even though many industries outside of engineering have recognized the 

consequences of not identifying, sharing or transferring critical knowledge across 

generational boundaries, not all engineering disciplines have followed suit.  This has 

become evident with the looming increase in engineering retirement rates.  Because of this, 

pertinent engineering knowledge will not be shared or transferred from one generation to 

the next at an adequate rate for continuous development (Purcell, 2009).  Consequences 

like rising retirement rates generate problematic knowledge boundaries cause a decline in 

knowledge transfer (Carlile, 2002).  Proper identification of the engineering generational 

knowledge transfer boundaries allows engineering industries like shipbuilding, 

environmental, mechanical, as well as all others to continuous thrive and evolve with the 

use of generational knowledge.   

As the number of eligible workforce age individuals increases, so does the number 

of eligible retirees.  The rate of the retiring Baby-boomer engineers is disproportionate to 

the rate of entering engineers.  The Department of Defense (DoD) indicated that 75% of its 

675,000 civilian workforce retired between 2002 and 2008 (DeLong, 2004).  This is a 

continuing trend indicated in studies produced by the United States Government 

Accountability Office (GAO) and specified in United States Government Printing Office 

(GPO) reports.  From 2000 to 2010, the number of persons aged 25 to 54, the ages of labor 

force participants, increased by 1.5 million, equivalent to 1.2% of the overall number of 

195 million (ERP, 2010).  The Economic Report of the President (ERP) suggest  that as a 
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result of the continued projected decline from the retiring Baby-boomer generation, the 

normal or potential labor force participation rate continues to fall, while the working age 

population grows (ERP, 2010).  Also during this time, the number of persons between the 

ages of 55 and 64 increased by 11.3 million, 47 % (ERP, 2010).  In other words, while the 

number of labor force participants increased by about 12.8 million over 10 years, 90% of 

this increase occurred among persons eligible for retirement, aged 55 to 64 (ERP, 2010).  

The above-mentioned report indicates the overall workforce but this dissertation intends to 

elaborate on professional individuals, including architects and engineers, within the federal 

government. 

The United States Department of Labor, Bureau of Labor Statistics (BLS) provides 

employment projections for all industries indicating the replacement rate and the number of 

replacements needed.  Bartsch (2009) indicates that as of 2008, there were roughly 4.2 

million engineers and architects employed.  The replacement rate from 2010 through 2020 

is predicted to be 46%; the number of replacements will need to be about 912,700 

engineers and architects based on the employment numbers in 2008 (BLS, 2012).  This is a 

clear indication that at the current succession rate, there is a need for engineers and 

architects to acclimate quicker and share knowledge to ensure continued organizational 

success.  Most disciplines expect newer engineers to perform more tasks but the needed 

industry knowledge needs to be provided by the retiring engineers.  Addressing 

generational divides quickly improves communication and helps provide a course of action 

that will facilitate the sharing and transferring of required organizational generational 

knowledge. 
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The U.S. Office of Personnel Management (OPM) associates all federal government employees, including engineers, and provides retirement data used while addressing the clarification of the engineering knowledge transfer boundary, correlating existing literature.  Based on the OPM previous years‘ trends, future retirement 

rates for the highly-skilled category, which includes professional occupations like 

architecture and engineering, are likely to continue to increase (OPM, 2010).  Figure 2-7, 

Retirement Rates, shows the retirement rates from 2006 through 2008 for the entire full-

time workforce at that time (Project, 2010).   

 

Figure 2-7. Retirement Rates (Project, 2010) 

This continued retirement increase combined with the total-projected employment increase 

forecast indicates a need to continuously build on and share existing engineering 

knowledge (ERP, 2010).  Defining engineering generations will anchor or bridge required 

engineering knowledge (Star & Griesemer, 1989), allowing knowledge managers to 

improve succession planning and develop better recruitment and transition strategies to 
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accommodate for the fluctuation of engineers while encouraging generational knowledge 

transfer (Purcell, 2009).   

Both the OPM and Projects (2010) indicate a need to plan for increasing retirement 

rates and all the obstacles that will come along with the increase of novel engineers into the 

federal government.  In engineering, one step required to address the need to pass on 

generational knowledge to incoming personnel involves appropriate training programs.  

Since this is the basis of most knowledge transfer resolutions, discipline specific 

information is required to relate training time for entering engineers with transitioning or 

retiring engineers and this will vary accordingly (OPM, 2010).  Further exploration into the 

requirements needed to transfer generational knowledge will be provided in future 

research.  This research focuses on the identification of the engineering generational 

knowledge transfer boundary and the consequences of not clearly identifying this 

boundary. 

Within the federal government, the retirement rates fluctuate, but there seems to be 

a pattern of increase in past years and as recent as the last couple of years, as indicated in 

Table 2-3, Federal Retirement Statistics (OPM, 2010) below.  This has become a growing 

issue because pertinent knowledge is departing with the retiring federal engineers leaving 

behind legacy equipment and processes with no one to use them.   
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Fiscal Year Total 

2000 77,383 

2001 77,330 

2002 74,153 

2003 81,128 

2004 90,441 

2005 94,977 

2006 103,292 

2007 92,349 

2008 86,615 

2009 87,907 

2010 76,864 

Table 2-3. Federal Retirement Statistics (OPM, 2010) 

Previous generations mitigated some of this loss by continually using outdated 

technologies.  Through invariable improvements in technology, the need for continuous 

innovation is pertinent to the future of industries like engineering, which are augmented by 

computers and machinery.  

The rate of retiring versus incoming engineers is predictable and details a 

deficiency that will restrict the amount and quality of knowledge transferred (Crumpacker 

& Crumpacker, 2007).  Aging engineers feel responsible for knowledge collection and 

proper dissemination, while younger engineers sense a void because knowledge is not 

transferred promptly (Ebrahimi, Saives & Holford, 2008). Identifying the engineering 

generational knowledge transfer boundary as a viable barrier allows for the implementation 

of precautionary measures to alleviate the impediments associated with the knowledge 

transfer process within the federal government.  Defining this boundary required an intense 
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evaluation of existing boundaries to extrapolate related approaches, frameworks and 

models.  This viable approach will be continually evaluated to accommodate for the 

impending knowledge loss and to recognize all aspects of generational knowledge to 

ensure knowledge services are used to support continued knowledge-sharing to foster a 

collaborative work environment (Stevens, 2010). 

The next section provides a summary of the literature review and brings to light 

additional engineering generational knowledge transfer research potential. 

 

2.5 Literature Review Summary and Research Potential 

‗Knowledge in practice‘ (Carlile 1997) makes working across inherent boundaries 

and accommodating knowledge gained from another generation especially difficult.   This 

literature review provided a foundation for theoretical expansion to aid in the identification 

of an engineering generational knowledge transfer boundary in secondary engineering 

environments like, mechanical, electrical, civil, structural and environmental engineering 

within the federal government.  Primary engineering groups like aerospace and nuclear 

seem to be more proactive about knowledge transfer and offer a basis for expansion to 

secondary engineering environments.  The absence of supportive literature sustained the 

exploration of the engineering generational knowledge transfer boundary as a distinct 

barrier. 
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The literature review also found that knowledge is both a source of and a barrier to 

innovation (Carlie, 2002).  Generational characteristics drive innovative problem-solving 

but also hinder problem-solving and knowledge transfer across generations.  Following the 

trends of other industry like medicine, primary and secondary school and manufacturing, 

the engineering generational knowledge transfer boundary should be properly identified.  

This engineering generational knowledge transfer boundary identification is relevant due to 

the need for continuous process improvements, ensuring accurate management and transfer 

of generational knowledge (Iwu & Wootton, 2002; Geary, 2007; Pitt-Catsouphes & Smyer, 

2007).  Boundary identification allows for the development of precautionary measures or 

tools (Rao, 2005) that can be used by management within these engineering organizations 

that will allow the transfer of needed knowledge bridging the generation gap.   

During the literature search, the first focus was on KM in the federal government.  

Throughout the literature review, a continuous theme of interactive KM was observed, 

assessing competencies and overall learning as the premise, but there is little referencing 

engineering generational knowledge transfer or even an engineering generational 

knowledge transfer model in industries like the federal government.  Some of the 

information found on website www.km.gov, maintained by NASA, leverages thinking 

from leaders and KM practitioners from all genres, including the government, to inform 

and support federal government organizations and their community in the research and 

development, identification, implementation of KM activities, KM practices, KM lessons 

learned and KM technologies (Bennet, 2000; Bennet & Bennet, 2004).  

http://www.km.gov/
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Other KM genres explored include business, quasi-government, academia, non-

government, non-profit and the private sector.   From this list, while assessing available 

KM and knowledge transfer literature, numerous businesses associated models were found.  

These models integrate HR succession planning techniques and encourage continued 

interaction (Crumpacker & Crumpacker, 2007).  HR is an imperative part of the knowledge 

transfer process.  HR would be used to account for and track knowledge and use this 

knowledge to identify personnel deficiencies.  HR and personnel interact to evaluate 

knowledge boundaries and to develop strategies to fill knowledge gaps and close 

competency gaps. 

From the literature review and indicated in Figure 2-8, Knowledge Transfer 

Reflection Model, knowledge barriers are found between know-how and the actual 

knowledge produced.  Figure 2-8 shows that the foundation for ‗Know-how‘ is based on 

personal experiences and transitions during the ‗Reflection Time‘ across ‗Knowledge 

Barriers‘ like age, race, gender, discipline, culture, department and locality. Once the 

‗Know-how‘ overcomes these boundaries, ‗Knowledge‘ is created and shared through 

communities of practice (CoP), websites and verbal or electronic forums.   
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Figure 2-8: Knowledge Transfer Reflection Model (Davis, 2011) 

This reflection model indicates the focus of this research, one barrier that could 

obstruct knowledge transfer, age.  There are several barriers that have been defined and 

extensively explored. This research presents appropriate existing methods, models and 

frameworks that help outline and develop an adaptable STEAK Model and framework to 

address concerns of engineering generational knowledge transfer and the increasing 

retirement trends. 

The principal asset of a company is not the physical attributes of the workforce but 

the employee‘s knowledge (Hansen, Nohria, & Tierney, 1999).  Through this research, it 

was established that people choose to share or conceal knowledge (Jennex, 2007) and no 
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one can really manage knowledge that resides in the heads of employees, only the 

environment can be managed (Collison & Parcell, 2001).  Interaction between engineers 

plays an important role in the terms of generational knowledge transfer in engineering 

(Beazley, Boenisch & Harden, 2002) and requires a unique generational knowledge 

transfer concept.   

This research presents a knowledge management holistic approach that involves 

management and the employee (Collison & Parcell, 2001).  Further implications for a 

predictive and interactive model are also presented to improve knowledge-sharing to ensure 

the continued transfer of the knowledge needed for the evolution of engineering.  These 

products allow for continuous feedback that will allow engineers to understand the nature 

of KM as it pertains to the evolution of engineering generational knowledge transfer and 

the limitations of some existing boundary solutions.  This method will allow organizations 

to transition knowledge from previous generations and appease younger generations who 

want to work smarter not harder.  Based on the absorption of several methodologies, as 

well as the KM and knowledge transfer topics discussed, an integrated engineering 

generational knowledge transfer method will be discussed in the next chapter.   This 

methodology aids in the identification of the engineering generational knowledge transfer 

stakeholders, failure consequences and boundary identification.  
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY 

3.1 Introduction 

The purpose of this chapter is to present and justify the chosen research 

methodology and methods used in this dissertation research to identify the engineering 

generational knowledge transfer boundary while considering the effects of generational 

characteristics on the knowledge transfer process.  The previous Literature Review 

provided a condensed life-cycle of engineering knowledge as it relates to KM and 

knowledge transfer boundaries and highlighted the absence of literature relating to 

identification of generational knowledge transfer boundaries in engineering.  The 

engineering methodology presented in this chapter incorporates accessible 

multidisciplinary methods that address the research objectives.  This approach provided an 

examination of existing data to provide a restricted analysis in order to illustrate the 

gathered data. 

This data analysis encourages the use a qualitative methodology approach due to 

the depth of understanding needed to classify the existing data while focusing on the 

significances and qualities that accurately define the characteristics of generations needed 

to recognize the engineering generational boundaries as a knowledge transfer boundary.  

This qualitative methodology approach involves the collection of literature, analysis and 

interpretation of the literature and methods within and outside of engineering (Denzin & 

Lincoln, 2000; Bennet, 2000; Cooperrider & Whitney, 2000; Nonaka, 1994; Creswell, 

2009). The Literature Review first identified engineering journal and conference articles 
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addressing the KM and engineering generational knowledge transfer domain by scanning 

scientific databases (ACM Digital Library, AIS electronic library, EBSCOhost, IEEE 

Xplore Digital Library, ScienceDirect and SpringerLink) as well as non-engineering 

journals and publishing (Journal of Applied Psychology, Adult Learning and various 

books) using the search term generational knowledge transfer.  It is not practical for this 

analysis to produce quantitative engineering results because this research does not provide 

numerical descriptions.   

This approach relies on the analysis of multiple data gathering of existing literature, 

models and frameworks to examine the concerns of engineering knowledge loss due to 

increased engineering retirement rates and the correlation of generational characteristics 

and knowledge transfer boundaries.  This multidisciplinary approach was used to ensure 

that the generational perspective was integrated into the engineering knowledge transfer 

across generational boundaries.  This notional engineering methodology will provide 

apparent processes and procedure for boundary identification and subsequent generational 

knowledge transfer. 

This chapter begins with the Introduction section above which provides an 

overview of the methodology approach used for this research.  The proposed methodology 

is defined in the next section titled Methodology.  In this section, the Theoretical Basis 

subsection provides categorical data and references to support the proposed methodology.  

The next subsection, Implementing Existing Methods explores the use of the proposed 

engineering methodology to reproduce an engineering effective model and framework.  
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The next section, Integrating Methods, provides a preemptive description of the 

collaborative methodologies.  The final section, Developing Tools, summarizes the 

methods from the research identified through the review of existing literature, frameworks 

and models to produce engineering knowledge transfer tools related to the engineering 

generational knowledge transfer process.    

3.2 Methodology 

Currently there is not an engineering methodology that exists that can be used to 

address the classification of a cross-generational characteristics needed to clearly identify 

the engineering generational knowledge transfer boundaries as impediments to transfer 

required engineering knowledge.  This requires a multidisciplinary methodological focus 

that relates the knowledge from existing and future engineering generations.  This research 

utilized an inductive approach based on a systematic content analysis (Radeke, 2011) of 

existing knowledge transfer boundary identification techniques and generational 

characteristics (Zemke, Raines & Filipczak, 2000; Karp, Fuller & Sirias, 2002; Kersten, 

2002; Lancaster & Stillman, 2002; Crumpacker & Crumpacker, 2007).  This involves a 

different perspective than existing research made available through engineering data bases 

and accessible statistical research.   

This section presents the Engineering Cross-Generational Methodology (ECM) 

created by the author.  This proposed methodology combines existing knowledge transfer 

methods with experimental knowledge transfer processes to define the engineering 

generational knowledge transfer boundaries that address the strategic transfer of 
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engineering and architectural knowledge (STEAK) in a multi-generational organization 

like the federal government.  The ECM was developed by using existing processes and 

procedures, frameworks, tables, figures and schemes from various industries that attend to 

account for existing and future generational knowledge needs.   

It is important to remember that each organization requires an individually adapted 

strategy for knowledge transfer across generational boundaries (DeLong, 2004) usually 

based on generation affiliation, personal values and characteristics.  Presented methods 

show that troubles linked to multi-generational knowledge transfer relate the difficulty of 

identifying the moment of knowledge transfer to inconsistent communication between 

generations (DeLong, 2004).  This will result in the adaptation of working conditions and 

the multidisciplinary method presented that addresses multi-generational knowledge 

transfer in an engineering organization (Voelpel, Leibold & Früchtenicht, 2007).   

The next section explores the theoretical basis of this proposed ECM. 

3.2.1 Theoretical Basis 

Literature on existing knowledge transfer boundaries, generational knowledge, 

engineering management techniques, KM practices and knowledge transfer were reviewed 

in order to allow for the evaluation and association of intrinsic values that could be used to 

develop engineering management techniques for collaborative engineering generational 

knowledge transfer boundary identification.  Even though material on engineering growth 

patterns and the retirement trends of engineers were available, there was little information 
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that provided a correlation between the generational knowledge requirements needed 

during engineering growth, development of existing engineers in relation to engineering 

retirement rates.  In particular, there is a considerable absence of research linking the 

engineering retirement rate with the impending loss of engineering generational 

knowledge.  During the identification of engineering generational knowledge transfer 

boundaries, generational characteristics were exposed as a major impediment to knowledge 

transfer because personal values directly relate to the efforts associated with knowledge 

transfer across generational boundaries. 

The ECM consists of an initial analysis to identify the existence of engineering 

generational knowledge transfer boundaries.  This required an exhaustive exploration of 

existing literature to ensure this analysis is needed and identification does not already exist.  

This process leads to the evaluation of associated methodologies for extrapolation.  The 

approach combines HR methods, business methods and engineering methods to develop 

the ECM.  This is an enduring process that allows sustainment of the knowledge gained 

from previous generations through the knowledge transfer process.   The ECM interprets 

knowledge transfer from a human perspective while evaluating the social system of 

knowledge from a generational perspective. 

This method allows for interpretation of generational characteristics to allow the 

transfer of generational knowledge with respect to personal values and characteristics.  The 

identification of the engineering generational knowledge transfer boundary imposes 

continued innovation and management involvement in order to facilitate a foundation for 
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generational knowledge transfer in a multi-generational organization like the federal 

government.  The next section presents the application of existing methods while exposing 

techniques that were applied to this research. 

3.2.2 Implementing Existing Methods 

Accessible engineering, business, HR and mathematical models were investigated 

and are described in this section to provide an accurate analysis of existing knowledge 

transfer methods and to develop a multi-generational knowledge transfer method to address 

the identification of the engineering generational knowledge transfer boundaries.   Existing 

theories show that the ideal moment of knowledge transfer is difficult to determine 

(DeLong, 2004).  Along with these theories and the communication between generations, it 

is difficult to share similar values across the generational boundary (Zemke, Raines & 

Filipczak, 2000; Schütt, 2006).  The existence of the engineering generational knowledge 

transfer boundaries is evident and the correlation to generational characteristics allows for 

an appropriate solution.  The results of this investigation are the development of a model 

and framework that would include the adaptation of existing multi-generational approaches 

to absorb the required engineering generational knowledge (Davis, Sarkani & Muzzuchi, 

2012). 

From the review, the overall theme of the federal governments KM process appears 

to be learning and knowledge retention.  It was ascertained that the federal government 

incorporates available business and HR frameworks to assess and account for human 

capital and to measure organizational competencies (Bennet, 2000).  It proposed that as an 
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organization realizes the value of a product or process, it keeps that process or product in its 

present condition (Bennet & Bennet, 2004).   How does this translate to engineering?  Is 

this an effective approach to adequately prepare for exiting and incoming engineers?  To 

account for new employee training, limited funding or temporary success of a product or 

process this practice needs to be refined.   

Looking at the Figure 3-1, The Learning Continuum (Bennet & Bennet, 2004), if 

the organization has well-defined feedback loops in place and response, the organization 

clicks in and out of learning cycles to periodically develop and produce new versions of the 

product or process.     

 

Figure 3-1. The Learning Continuum (Bennet & Bennet, 2004) 
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This premise can be the basis of knowledge transfer in an organization and can be 

incorporated into an advanced knowledge transfer method and model (Bennet & Bennet, 

2004). 

According to Figure 3-1, an organization sits in the middle of the learning 

continuum as it markets and implements its process or product, moves down as it receives 

feedback from its environment, learns from that feedback and creates an improved version 

of its product or process (Hebenstreit, 2009).  This is similar to the course that generational 

knowledge takes, from identification to implementation.  Engineers should be open and 

interactive with their environment, not defining processes that limit knowledge transfer or 

create boundaries.  Noting that the furthest learning point along this continuum represents 

the state of ‗Flow,‘ in this state, the work is both a goal and a reality of an organization 

(Hebenstreit, 2009).  The goal of an effective organizational KM process and the 

engineering generational knowledge transfer method in this research is to have a fluid 

exchange of knowledge between the environment, the organization and individuals within 

that organization (Hebenstreit, 2009).  

Figure 3-1 shows that as the organization is achieving continued success with its 

product or process, it does not recognize the need for change (Hebenstreit, 2009).  The 

generational knowledge transfer method will account for the failure to detect impending 

concerns in order to elevate knowledge needs to ensure continued assimilation.  Figure 3-1 
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illustrates that when this happens it is usually too late to catch up with technology and 

organizations who have continued evolving with technology and improving processes 

(Hebenstreit, 2009).  Younger engineers come into an organization expecting the ―latest 

and the greatest‖ and are often faced with legacy equipment and processes that require 

skills that they do not possess (Crumpacker & Crumpacker, 2007).  This leads to misuse of 

new technology and processes and often requires more work. Over time, the legacy 

technologies and processes diminish in significance and organizations look to new ideas 

and products or processes for continued success (Hebenstreit, 2009).  This assertion will be 

incorporated into a successful engineering generational knowledge transfer model. 

One framework explored was the Human Capital Assessment and Accountability 

Framework (HCAAF) (OPM, 2006).  This framework is used to combine a consistent, 

comprehensive representation of human capital management plan to submit to OPM an 

annual human capital accountability report (GAO, 2009).  The HCAAF system details an 

agency‘s human capital plan which includes human capital goals, objectives and strategies, 

a workforce plan and performance measures and milestones (GAO, 2009).  The HCAAF 

supports an ongoing process of human capital management in every Federal agency in five 

systems (OPM, 2006): 

 Strategic Alignment (Planning and Goal Setting)  

 led by senior management  

 promotes the alignment of human capital management strategies 

with agency mission, goals, and objectives  

 Leadership and Knowledge Management (Implementation)  
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 ensures continuity of leadership  

 identify and address potential gaps in effective leadership  

 implements and maintains programs that capture organizational 

knowledge and promote learning 

 Results-Oriented Performance Culture (Implementation)  

 promotes a diverse, high-performing workforce 

 implement and maintain effective performance management 

systems and awards programs 

 Talent Management (Implementation)  

 addresses competency gaps 

 implement and maintain programs to attract, acquire, develop, 

promote, and retain quality talent 

 Accountability (Evaluating Results) 

 contributes to agency performance  

 monitor and evaluate the results of its human capital management 

policies, programs, and activities 

 

Figure 3-2. Relationship Among the HCAAF Systems (OPM, 2006) 
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These five human capital systems work together to form a coherent structure that 

supports strategic human capital management in compliance with merit system principles 

(OPM, 2006).  Figure 3-2, Relationship Among the HCAAF Systems, measures how well 

the system is managing its human capital in compliance with system principles (OPM, 

2006).  This approach provides measures for the STEAK Model to track incoming and 

retiring personnel, i.e. human capital, and indicate competency gaps that may help bridge 

the engineering generational knowledge transfer boundaries.  It also allows for 

development of predictive procedures to resolve critical engineering shortages and 

development of skill indexes that could track needed knowledge within the federal agencies 

and other organizations.  Coordination of leadership and knowledge managers along with 

knowledge workers will allow alignment with the agency‘s current and future needs (OPM, 

2006). 

The engineering generational knowledge transfer method takes note of another HR 

integrated KM approach.  Figure 3-3, Integrated Human Resource Management, links 

people, services and performance to achieve measurable organizational performance 

(Fillip, 2009).  This model builds on the organizational goals of groups, teams and 

individuals to improve overall organizational performance.  This is an ‗acceptance 

approach‘ that could help improve the knowledge measurability of the model and aid in 

tracking the source of knowledge for faster understanding, transfer and integration (Fillip, 

2009).  This will enable generational knowledge to be identified and used faster, reducing 

the issue of losing pertinent knowledge.   
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Figure 3-3. Integrated Human Resource Management Model (Fillip, 2009) 

In reviewing the literature on KM and knowledge transfer, an attachment prepared 

by Alex Bennet, Department of the Navy, was reviewed (2000).  Although the topic of the 

research relates to war, the basis of using a personal sense of ‗knowing‘ can be translated to 

the knowledge needed for continued success and incorporation into an engineering 

generational knowledge transfer method (Bennet, 2000).  Making maximum use of our 

internal thinking capabilities, the mechanisms for creating knowledge and acting on that 

awareness enables needed knowledge to be transferred.  The engineering generational 

knowledge transfer method will emphasize the need to evolve while moving away from the 

predictable past resolutions (Bennet, 2000).  Knowing goals and knowing the situation as 
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well as foreseeing the obstacles that may occur lays the framework for making effective 

decisions about the knowledge that should be transferred and set aside for future integration 

(Bennet, 2000).  

Figure 3-4, Area of Optimization, indicates that new knowledge, based on 

empowerment, is a learned ability that has been developed by leaders and can be 

transferred from one generation to the next (Bennet, 2000).  Where empowerment overlaps 

command and control, traditional warfare translates into agility and flexibility without 

losing quick responses using existing knowledge. Remembering that the knowledge and 

judgment capabilities of individuals translate directly into success, defining and integrating 

learnable skills from transferred knowledge improves practical and cognitive performance 

in any organization (Bennet, 2000). 

 

Figure 3-4. Area of Optimization (Bennet, 2000) 
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In order to incorporate measures for overlapping experience into the engineering 

generational knowledge transfer model, communication models were explored.  Looking at 

Schramm‘s basic communication model as shown in Figure3-5, Diagram of Schramm‘s 

Field of Experience, the concept of overlapping ‗fields of experience‘ between the sender 

and receiver is incorporated into the engineering generational knowledge transfer model 

(Shannon & Weaver, 1949).  Schramm‘s model indicates that communication can only 

occur when the encoded knowledge falls somewhere in-between the overlapping fields of 

experience (Shannon & Weaver, 1949), so some specific engineering knowledge must be 

known to accurately propose an engineering generational knowledge transfer method.  This 

approach allows for continuous input and feedback to keep the knowledge flowing both 

ways between generations and Figure 3-5, below can be adapted to incorporate knowledge 

instead of an electrical signal located in the integrated field of experience, knowledge 

(Shannon & Weaver, 1949).   

 

Figure 3-5. Diagram of Schramm's Field of Experience (Shannon & Weaver, 1949) 
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The overlap is indicative of the generational gap and the boundaries that contain the 

knowledge, in the instance it is shared knowledge from the source and the destination.  The 

encoder and decoder could be defined as the technology used to transfer or adapt the 

engineering generational knowledge for use within a specific generation. 

In accordance with existing engineering methods, this engineering generational 

knowledge transfer method lends to the Appreciative Inquiry (AI) approach.  Like the AI 

method approach, the ECM promotes the cooperative search for the best in people, their 

organizations and their benefits to the engineering world (Cooperrider & Whitney, 2000).  

AI describes an important driver of engineering generational knowledge transfer across 

boundaries.  AI indicates a philosophy of knowing, a method for managing change and/or 

an approach to leadership and human development (Cooperrider & Whitney, 2000).  Like 

AI, the engineering generational knowledge transfer method will involve the practice of 

asking questions that strengthen a system‘s capacity to heighten positive knowledge 

transfer potential, what gives a system ‗life‘ when it is most effective and capable in human 

terms (Cooperrider & Whitney, 2000).  

AI assumes that every living system has untapped, rich and inspiring accounts of 

the positive and linking this ‗positive change core‘ directly to any change agenda improves 

knowledge transfer methods from its existing state to the future of knowledge transfer 

(Cooperrider & Whitney, 2000).  While exploring the positive change core, Cooperrider 

and Whitney (2000) discovered that human systems grow towards what they persistently 

ask questions about and to make the positive change core the common and explicit property 
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of all.  Without a question or apparent lack of knowledge, no new knowledge is acquired 

(Maturana & Varela, 1980).  This human perspective implies the presence of knowledge 

gaps and lends to the knowledge assessing process that links engineering generational 

characteristics to effective engineering generational knowledge transfer (Crumpacker & 

Crumpacker, 2007; Davis, Sarkani & Muzzuchi, 2012).   

The AI method revolves around the appreciative interview.  Appreciative interview 

results provided by Cooperrider and Whitney (2000) uncover an organization‘s mission, 

departmental goals, in this instance, the engineering community knowledge needs in order 

to perform at its best.  The engineering generational knowledge transfer method intends to 

discover personal and organizational high points, what people value and what they hope 

and wish for to enhance the organization‘s social, economic and environmental vitality to 

improve knowledge transfer (Cooperrider & Whitney, 2000).  This approach links the 

generational characteristics that shape the personal needs of each generation allowing 

knowledge to be transferred (Davis, Sarkani & Muzzuchi, 2012). 

Since AI cycle can be as rapid and informal as a conversation with a friend or 

colleague or as formal as an organization-wide process involving every stakeholder, most 

organization-change efforts flow through the 4-D Cycle, see Figure 3-6, The Appreciative 

Inquiry 4-D Cycle (Cooperrider & Whitney, 2000).  Borrowing from the AI process, the 

engineering generational knowledge transfer process should be homegrown and designed 

to meet the unique challenges of the engineering organization involved. 
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Figure 3-6. The Appreciative Inquiry 4-D Cycle (Cooperrider & Whitney, 2000) 

The engineering generational knowledge transfer process supports working with 

people, groups and organizations in more constructive, positive, life-affirming way to 

ensure the transfer of knowledge across boundaries (Cooperrider & Whitney, 2000).   The 

following four stages of AI can be adapted to accommodate the needs of the engineering 

generational knowledge transfer process (Cooperrider & Whitney, 2000): 

 Discover - Appreciating and valuing the best of What Is. 

  Information and stories are gathered about what is working well. 

 Dream - Envisioning What Might Be.  

 How do we want things to be for the future? 

 Design - Determining What Should Be.  
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 How can we move from where we are now to this vision of the 

future that we have created?  

 How can we put the ideas into practice?  

 Who will be involved? 

 Deliver (or Destiny) - Innovating What Will Be.  

 In this phase, practical strategies or projects are put into practice 

and space created for ideas to flow and develop. There is an 

emphasis on empowering and encouraging people to take action 

and carry forward their own ideas. 

 ―Organizations, says AI theory, are centers of human relatedness, first and 

foremost, and relationships thrive where there is an appreciative eye—when people see the 

best in one another, when they share their dreams and ultimate concerns in affirming ways, 

and when they are connected in full voice to create not just new worlds but better worlds‖ 

(Cooperrider & Whitney, 2000, p.20).  This engineering generational knowledge transfer 

method will use this incremental approach and makes adjustments based on changes in 

engineering cultures and organizational missions.  AI theory can be used to strengthen the 

relationship between generational boundaries and entail increase the amount of knowledge 

transferred across this boundary.  This does not always mean following the entire 4-D 

process, it should be adapted for the unique organizational knowledge transfer 

requirements. 

The varying methods and models presented were adapted to accommodate the 

objectives of this research.  The culmination of these methodologies to develop the ECM is 

discussed in the next section. 
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3.3 Applying Methods 

The ECM borrows from all the methods above to account for the knowledge 

requirements and distinct generational characteristics to identify the engineering 

generational knowledge transfer boundary.  An important aspect of the ECM is to be 

mindful of the consequences related to losing important knowledge and the need for 

management to actively promote and facilitate the knowledge transfer.  This also means 

that management should create a basis for younger generations permitting them to acquire 

the complex and tacit knowledge of experienced generations to allow them to interpret 

know-how and use it later (DeLong, 2004).  The ECM makes use of human capital 

development for continuous engineering generational knowledge transfer as well as an 

open and interactive environment to reduce limitations on engineering knowledge transfer 

(Ackermann, 2009).   

This methodology does not overemphasize the role of information technology at the 

expense of well-defined knowledge management roles and responsibilities (Zack, 1999) 

but emphasizes the human aspect making generational characteristics a prominent 

boundary identification requirement.  Although cross-generational roles are not addressed 

in previous literature, the ECM suggest explicitly defining organizational roles including 

comprehensive positions like knowledge management responsibilities, continually 

educating the organization, knowledge mapping and integrating the organizational and 

technological resources comprising the knowledge management method (Zack, 1999). 
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A strong knowledge management program offers the best capability that an 

organization can have to change, adapt and influence its environment in a way that 

maximizes its performance over time (Bennet & Bennet, 2004).   This includes an effective 

method to retain and exchange generational knowledge.  Assigning responsibility for the 

seamless movement of knowledge from generational acquisition through use, as well as the 

interfaces between these generational stages, helps ensure that this knowledge transfer 

method will be meaningfully created and effectively used (Zack, 1999).  The methodology 

presented in this research incorporated various HR processes to address the generational 

interaction and generational characteristics concerns; a communication model to illustrate 

the need to account for the generational knowledge overlap; and an engineering 

methodology to interpret procedures to manage the generational change.  The ECM was 

presented to be used to evaluate the existing state of generational transfer to refine and 

develop procedures to continually evaluate the engineering generational knowledge transfer 

boundary to account for probable knowledge loss. 

Figure 3-7, Factors of Generational Knowledge Transfer, provides an illustrative 

view of the attributes associated with effective engineering generational knowledge 

transfer.  This process relates personal, professional (engineer) and generational attributes 

to existing KM and knowledge transfer processes while exploring generational knowledge 

transfer methods.  It is irrational to declare one perspective the only correct way to see 

things (Fog, 2003); different perspectives produce different kinds of innovations.  The 

generational perspective explored in this research and highlighted here promotes team 
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interaction and overall organization mission focus to reach mission realization and 

continuously improve engineering generational knowledge transfer. 

Figure 3-7. Factors of Generational Knowledge Transfer (Davis, 2011) 

  Improving organizational management techniques and continuously monitoring the risks 

associated with knowledge transfer through advancements in planning, organizing, 

directing and monitoring methods will assist in the successful transfer of engineering 

knowledge but the approach is not as clear cut.  To accomplish effective engineering 

knowledge transfer across boundaries, the approach must fit the needs of the organization.  

A holistic or incremental approach cannot be prescribed before the needs of the engineering 

organization are known.  A combination of techniques and tools are needed to design a 
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knowledge transfer method to meet the unique challenges of the engineering organization 

and industry involved.   

The next section provides a summarization of the methods identified from this 

research to produce knowledge transfer tools related to the engineering generational 

knowledge transfer process.    

3.4 Developing Tools 

A combination of techniques and tools are needed to design a knowledge transfer 

method to meet the unique challenges of the engineering organization and generational 

knowledge transfer techniques distinctive to engineers.  To carry out effective engineering 

knowledge transfer across generational boundaries, the approach must fit the needs of the 

organization and its mission.  This approach will allow for the development and sharing of 

information to identify knowledge transfer boundary indicators so engineers can make 

informed decisions concerning organizational risks and the engineering generational 

knowledge transfer approaches. 

As members of the Baby-boomer generation approach retirement, the demographic 

profile of the U.S. workforce is undergoing a substantial shift as a large number of older 

workers are joined by relatively fewer new entrants to the labor force (Bartsch, 2009).  

Identifying the engineering generational knowledge boundary is the first step in preserving 

relevant knowledge for apparent organizational growth (Davis, Sarkani & Muzzuchi, 

2012).  This practical course encouraged this research to identify the dynamic undertaking 
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required to maintain and transfer generational knowledge.  Based on the absorption of 

several models, as well as the KM and knowledge transfer topics discussed, an integrated 

engineering generational knowledge transfer model is presented.  This development led to 

continued augmentation of an interactive and universal engineering generational 

knowledge transfer framework.   

The tools developed can be used as a guide to validate engineering generational 

knowledge transfer and change the planning and implementation of knowledge insurgence 

in the federal government (Rao, 2005).  A shared assumption in organizational KM is 

stakeholder buy-in to ensure congruence of engineering generational knowledge transfer 

methods within engineering from management to employee (Bernard, 2005).  Several 

models were explored and used to categorize the need for continuous development of the 

engineering generational knowledge transfer boundary identifiers in a multi-generational 

organization.  The Exploratory STEAK Table, Table 3-1, expands Carlile‘s (2002, p. 453) 

table labeled ‗Type of Knowledge Boundary, Category, and Characteristics of Boundary 

Objects‘.   

Table 3-1 introduces an ‗inherent approach‘ to enable upfront evaluation of 

undefined knowledge in order to address existing and future engineering generational 

knowledge transfer requirements without a knowledge lapse.  The table explores an 

integrated approach that recognizes the different knowledge transfer approaches and the 

value of the knowledge transferred by focusing on the challenge of sharing knowledge 

across generational boundaries (Carlile, 2002).  The proposed premise requires 
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participation, interaction and feedback from all working generations along with 

management‘s authoritative positions for a holistic approach.  This approach ensures that 

needed knowledge is solicited, received and transferred for appropriate utilization in a 

timely manner (Carlile, 1997).  This ‗inherent approach‘ is also used to evaluate the 

implications associated with the loss of required knowledge held by exiting engineers. 
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Table 3-1. Exploratory STEAK Table (Carlile, 2002; Davis, 2012) 

From this research, a framework was developed based largely on organizations 

working experiences.  This Knowledge Transfer Architectural Framework (KTAF),  Figure 

3-8, combines the significance of technical knowledge and the understanding of how 

knowledge transfer can be accomplished across boundaries.     
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Figure 3-8, the KTAF, depicts this conceptual framework that describes a corresponding 

structure for generational knowledge crossing boundaries within an organization.  The 

research revealed that encouraging coordination among personnel will enable the 

continuous transfer of tacit and explicit knowledge related to generational knowledge and 

ultimately mission success. 

The KTAF, Figure 3-8, contains adaptations of the Zachman Framework (Bernard, 

2005) with aspects of the Federal Enterprise Architecture (FEA) Framework (FEA, 2007) 

and also contributions like the viewpoints and views approach from the DoD Architecture 

Framework (DoDAF 1.5).  This framework helps identify gaps in the KM processes when 

a knowledge transfer procedure has not been clearly defined.  The KTAF is used to 

describe engineering generational knowledge transfer and knowledge dissemination 

concepts to support the preparation of professionals in an organization to manage 

knowledge assets that encourage engineering cross-generational interaction.  The double 

sided arrows indicate this interaction and also represent the continuous exchange between 

knowledge workers and process required to provide engineering generational knowledge 

transfer. 

Zachman‘s Framework approach is incorporated to demonstrate a common 

descriptive representation that permits the user to understand the complexity of the 

knowledge transfer process within the organizational KM process.  Like Zachman‘s 

Framework, the KTAF perspectives are represented in a matrix, the rows define the 

stakeholders and the columns define the characteristic of the knowledge transfer process 

http://en.wikipedia.org/wiki/Matrix
http://en.wikipedia.org/wiki/Stakeholder
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(Bernard, 2005).  The matrix was filled in with the courses of actions required for an 

engineering generational knowledge transfer process from the various stakeholders‘ 

perspective.  In KM, the focus is to ensure all aspects of a knowledge transfer process are 

well-organized and exhibit clear relationships that ensure the transfer of knowledge with a 

continuous exchange at all levels (Bernard, 2005).  The KTAF will enable communication 

among the knowledge workers involved in developing and improving the engineering 

generational knowledge transfer process. 

Since engineering generational knowledge transfer across organizational boundaries 

is segmented between each generation due to characteristic dissimilarities, the FEA 

Framework is integrated to enhance the KTAF and can address the compartmentalized 

aspects within a multi-generational organization like the federal government.  The FEA 

Framework defines segment architecture as a simple roadmap for a core mission area or 

enterprise service (FEA, 2007).  The KTAF uses this segmented architecture approach 

because it investigates engineering generational knowledge transfer which is only one 

aspect of knowledge management.   

The FEA Framework is business-driven and in comparison, the KTAF approach is 

based on achieving the organizational mission which is the business of a mission-driven 

organization like the federal government.   Like the FEA Framework, the KTAF relies on 

feedback from stakeholders as well as other generational knowledge sources within the 

organization, like co-ops, lesson learned repositories and electronic search engines (FEA, 
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2007).  The KTAF will improve the transfer of generational knowledge to knowledge 

workers within a KM organization.   

In accordance with DoDAF‘s perspectives, the KTAF viewpoints are used to 

facilitate the stakeholders association with mission of the organization.  Comparably, the 

KTAF presents a foundational framework to indicate the development and representation 

of the knowledge transfer process by first ensuring a general plane for understanding, 

comparing, and then integrating knowledge transfer processes across generational 

boundaries (Bernard, 2005).  Like the DoDAF, the KTAF establishes data classifications, 

transfer regulations, stakeholders‘ relationships and a baseline set of products for consistent 

development of systems, integration and implementation of knowledge (Bernard, 2005). 

The engineering generational knowledge transfer tools presented in this section 

allows the visualization of the gaps between generations while evaluating boundary 

identification and the process to transfer generational knowledge.  The expectations of 

these tools include the capacity to identify the need for knowledge insurgence and define 

methods to deploy knowledge transfer techniques for engineering knowledge transfer.  The 

goal of any organization is to accurately manage the knowledge that is most important to 

the business and tools presented in this section provides an analysis of generational 

knowledge transfer permitting a visual presentation of knowledge in an ample and apparent 

form to highlight generational characteristics. 
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The research objective to identify the existence of the engineering generational 

knowledge transfer boundaries was achieved and the findings will be discussed in the next 

chapter.  The ECM explored in this chapter was used as the foundation to produce a 

dynamic model and framework explored in this chapter.  These tools presented relate 

engineering generational characteristics to culture in order to allow for the use of 

interpretive engineering attributes and frameworks.  The next chapter provides finding of a 

survey of participants from a federal organization along with existing qualitative research 

verification to highlight risks and provide an effective approach for continuous knowledge 

transfer process improvement. 
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CHAPTER 4: FINDINGS 

This research established the existence of engineering generational knowledge 

transfer boundaries by exploring existing KM and knowledge transfer literature, methods 

and processes and recognizing the absence of definitive limits concerning generational 

knowledge transfer boundaries in engineering.  The content in this chapter is organized to 

address the investigative premise developed earlier in this research.  The Evaluating Risk 

section identifies knowledge transfer risks, including stakeholder involvement.  The next 

section, Continuous Process Improvement (CPI), evaluates the use of process improvement 

initiatives and techniques.  The following section, Futuring, address the possibility of 

integrating future knowledge transfer techniques in order to improve engineering 

generational knowledge identification and transfer.  The last section, Summary of Findings, 

provides a review of applicable research aspects used to design the STEAK Model, 

framework and engineering generational knowledge transfer process presented in this 

chapter. 

4.1 Results 

Within a cross-cultural environment like the federal government, there is a push for 

continuous information exchange to facilitate improvement that would alleviate reoccurring 

discrepancies when implementing knowledge transfer (Davis, Sarkani & Muzzuchi, 2012).  

The research obtained culturally specific information regarding the values, opinions, 

behaviors and the social context of engineers within the federal government that required 



 

108 
 

validation.   Along with an exhaustive literature review, the research accepted the results of 

a qualitative survey, the STEAK Survey (Davis, Sarkani & Muzzuchi, 2012), to address the 

validity of the authors‘ concerns surrounding pertinent engineering knowledge loss 

between generations with increasing retirement rates.  This research approach avoided a 

predetermined KM research direction while investigating existing knowledge transfer 

boundaries and generational characteristics.  

The STEAK Survey (Davis, Sarkani & Muzzuchi, 2012), prepared in previous 

research, results are presented to further validate the need to identify the engineering 

generational knowledge transfer boundary.  This survey solicited all levels of participants, 

from management to practicing engineers as part of the survey participants.  This survey 

provided a closed format question survey approach to determine the respondent‘s 

familiarity with engineering knowledge transfer between generations.  The results of this 

survey indicated the correlation between the preliminary views of federal engineers and 

architects when questioned about the existence of engineering generational knowledge 

transfer boundaries. 

The STEAK Survey referenced in Davis, Sarkani & Muzzuchi (2012) included ten 

(10) questions distributed via email link by the Naval Facilities Command (NAVFAC) 

Mid-Atlantic Public Affairs Office (PAO).  NAVFAC is a federal organization and the 

survey participants work in facilities engineering as disciplined engineers to include, 

mechanical, electrical, civil as well as architectural.  The survey was provided to 339 

engineers and architects and resulted in 109 responses.  Their positions include interns, 
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design managers, project managers, program managers, subject matter experts and 

engineering managers.  The survey examined locality and self-preservation in relation to 

generational knowledge availability. Since generational separation is not commonly viewed 

as a knowledge boundary, a closed format question survey approach was utilized to 

determine the respondent‘s familiarity with knowledge transfer between generations.  The 

STEAK Survey questions and results are included in Appendix A.  The results were 

assessed to ascertain the engineers and architects‘ perception of existence of generational 

knowledge transfer boundaries within the federal government.  The survey results provided 

the outlook of federal engineers and architects when presented the question of the existence 

of engineering generational knowledge transfer boundaries (Davis, Sarkani & Muzzuchi, 

2012).   

Several of the survey questions are indicated below to support the existence of the 

engineering generational knowledge transfer boundary.  Table 4-1 below, Generational 

Correspondents, provide the result for Question 2, ―Choose your generation‖.  The question 

indicates the percentage of respondents from the generations explored in the survey.  

Although the Silent Generation was an option, Appendix A indicates that none of the 

survey participants were a part of this generation.   The majority of the survey participants 

were Generation X, 65%.  Baby-Boomers and Generation Y were 32% and 2% 

respectively. 

CATEGORIES BABY-BOOMERS GENERATION X GENERATION Y 
RESPONDENCE 32% 

 

65% 2% 

Table 4-1. Generational Correspondents (Davis, Sarkani & Muzzuchi, 2012) 
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Table 4-2, Occurrence of Bounded Knowledge, provides the results of Question 4, 

―Do you believe knowledge is bounded by generations?‖.  Question 4 indicated a 

perception that useful inherent generational knowledge is bounded by a generation.  As 

indicated in Table 4-2, 75% of the participants signified that knowledge is bounded, always 

or occasionally.  Engineers tend to share horizontally because the engineering learning 

environment is flat, sequential and disjointed and allows unproblematic transfer of 

knowledge within a generation (Davis, Sarkani & Muzzuchi, 2012).   

CATEGORIES BOUNDED OCCASIONALLY BOUNDED NOT BOUNDED 
PERSPECTIVE  26% 

 

49% 25% 

Table 4-2. Occurrence of Bounded Knowledge  (Davis, Sarkani & Muzzuchi, 2012) 

Table 4-2 shows that 26% of participants indicated encountering a deliberate or 

noticeable difficulty while transferring knowledge across bounded generational barriers.  

49% of the respondents chose occasionally which indicated a presence of resistance to 

share or transfer needed generational knowledge.  These results ascertained the awareness 

of the exultance of a generational separation within a federal organization.   Follow-up 

interviews underlined the need to recognize and improve instances requiring knowledge 

transfer from adjacent generations (Davis, Sarkani & Muzzuchi, 2012).  

The remaining questions were semantic differential questions used to identify 

engineer and architect‘s awareness of generational separation and knowledge transfer 

(Trochim, 2005).  These questions encourage the participant to evaluate the daily 

interactions with other generations.  These questions also identify the type of interaction, 
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essentially the ‗who‘ and the ‗how‘.  Survey Questions 5 through 9 all look at the 

communication and interface occurrence, how often the exchange of knowledge happens. 

Question 10, a cumulative question used to measure the intervals perceived when 

transferring knowledge from one generation to the next while evaluating engineering and 

architecture daily tasks and personal interactions.  This qualitative approach provides a 

method to discern, examine, compare, contrast and interpret significant engineering 

patterns that will permit uninterrupted generational knowledge transfer (Denzin & Lincoln, 

2000). 

Question 6, ―How often do you receive technical knowledge from (each generation 

is listed separately)…?‖, question 7, ―How often do you offer technical knowledge to (each 

generation is listed separately)…?‖ and question 8, ―How often do you seek technical 

knowledge from (each generation is listed separately)…?‖, indicated the survey 

participant‘s initiative, or lack of, to receive, offer and seek knowledge from adjacent 

generations.  The results of these questions demonstrated the occurrences of knowledge 

transfer outside of distinctive generations, but also showed the hesitation to interact and 

exchange technical knowledge ―Sometimes‖ and ―Never‖.   Appendix A provides the 

entire questions and corresponding results.  The following survey results are provided to 

confirm and support the existence of the engineering generational knowledge transfer 

boundary. 

Figure 4-1, Availability of Generational Knowledge, shows the results of Questions 

6, 7 and 8 and illustrates that resistance is evident on both side of the Generation X 
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knowledge boundary; from Baby-Boomers to Generation X and from Generation Y to 

Generation X.  Figure 4-1 also indicates that Generation Y rarely offers knowledge to other 

generations.  Every generation has something to add to continue to advance engineering 

knowledge and these questions indicate the lack of adequate communication within these 

generations (Davis, Sarkani & Muzzuchi, 2012).   

 

Figure 4-1.  Availability of Generational Knowledge (Davis, Sarkani & Muzzuchi, 2012) 

Question 9, ―During the technical knowledge transfer process, do you feel 

resistance from‖ the varying generations provided confirmation of the research hypothesis 

to identify the existence of the engineering generational knowledge transfer boundaries.  

The results of Question 9 are depicted in Figure 4-2, Resistance from Other Generations.  

The results indicated that more often than not, the engineer feels resistance from adjacent 

generations, making knowledge transfer difficult.  Boundary identification will help 

0% 

10% 

20% 

30% 

40% 

50% 

60% 
70% 

80% 
90% 

100% 

P
e

rc
e

n
ta

ge
 o

f 
R

e
sp

o
n

se
s 

 

Knowledge Transfer Occurrence 

ALWAYS 

SOMETIMES 

RARELY 

NEVER 



 

113 
 

address the knowledge transfer impact on engineers and management and allow for 

continuous feedback to connect generations (Davis, Sarkani & Muzzuchi, 2012).   

 

Figure 4-2. Resistance from Other Generations (Davis, Sarkani & Muzzuchi, 2012) 

The final question is Question 10, ―How much do you agree with the following 

statements; It is hard to communicate with generations outside my own; It is easier to 

communicate within my generation; My preferred method of communication makes it 

easier to communicate within my generation; and Communication with other generations is 

difficult.‖ Question 10, illustrated in Figure 4-3, Engineering Cross-Generational 

Communication, is used to demonstrate that it is sometimes hard to communicate 

effectively with other generations.  This question also indicates that the method of 
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communication may provide relief to the knowledge transfer process and points toward 

how technology could make communication between generations easier (Davis, Sarkani & 

Muzzuchi, 2012).  The technology transfer method used to transfer generational knowledge 

will not be explored in depth in this research.  Additional research could focus on the 

specific generational concerns and address the continued disconnect that accompanies 

advancements in technology in engineering and architecture environment.  

         

Figure 4-3. Engineering Cross-Generational Communication (Davis, Sarkani & Muzzuchi, 2012) 

The STEAK Survey results shown in Appendix A, along with the exhaustive 

literature review, connected the views of federal engineers and architects and provided a 

basis for the identification of engineering generational knowledge transfer boundaries.  The 

survey highlighted the association of generational locality and generational self-
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preservation in relation to engineering generational knowledge availability, coupled with a 

horizontal learning environment (Davis, Sarkani & Muzzuchi, 2012).  The engineering 

generational knowledge transfer boundary does exist and should be associated with existing 

boundary characteristics in order to provide requirements for continuous development of 

knowledge transfer tools, to address emergent management issues like generational KM 

and the ensuing loss of generational knowledge. 

The next section provides an evaluation of the risks associated with not clearly 

identifying knowledge transfer boundaries like the engineering generational knowledge 

transfer boundaries.   

4.2 Evaluating Risk 

This research established the existence of engineering generational knowledge 

transfer boundaries by exploring existing engineering literature and methods.  The practical 

implications of this research include the classification of a distinct perspective of 

knowledge transfer methods marked by generational differences that emphasize the need to 

break-down the generational knowledge barriers and fears associated with these 

generations.  This research highlights indicators that emphasize the correlation between the 

generational characteristics and generational knowledge transfer among engineers.  

Identifying these similarities can help bridge the relationship between generations.  These 

similarities will facilitate desirable knowledge recognition and initiate knowledge 

integration.  Without guidelines for an integrated sustainable engineering generational 

knowledge transfer process, the horizontal engineering knowledge being transferred could 
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potentially be blocked by one generation ultimately disrupting the relationship among 

engineers.  Engineering knowledge transfer procedures should account for the 

incorporation of past generational knowledge to plan and improve future methods for 

engineering generational knowledge transfer. 

The risk related to the inability to transfer generational knowledge cannot be 

measured, but the results prove that there is a disadvantage to impending generations.  

Engineering managers are looking for a simplistic approach and practicing engineers are 

focused on the evolving technology trends used to capture the knowledge.  Management 

benefits include understanding generational differences including increased recruitment 

and employee retention (Zemke, Raines & Filipczak, 2000).   This allows engineering 

managers to forecast employee succession rates, initiate knowledge insurgence processes 

and allow for continued knowledge-sharing, and improvements throughout the 

organization.  This approach proposes modeling the current knowledge transfer process and 

outlining why and how leadership is important to guide and improve engineering 

generational knowledge transfer within an organization from an employee or employer 

perspective.   

If there is not a complete buy-in among all knowledge transfer stakeholders, the 

knowledge transfer boundary will not allow needed knowledge to be transferred.  This will 

create major risks associated with the engineering generational knowledge transfer process.  

The knowledge transfer stakeholders include all knowledge workers – engineering 

managers interested in knowledge management, grey-beards and young bucks (Wenger, 
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McDermott & Snyder, 2002).  For this research, grey-beards are seasoned engineers 

primarily from the baby-boomer generation and young bucks are the younger generations 

including entry-level engineers.  The stakeholders with the most interest are Program 

Managers, seasoned grey-beards, who are looking for a decision support tool to help 

manage and transfer knowledge across generational boundaries.  These engineering 

managers make the decisions to create new or modify existing knowledge management 

processes and procedures.  All levels of practicing engineers will also be interested in the 

KTAF because this framework will aid in communication and interaction across 

boundaries as well as the seamless transfer of knowledge.   

The unknown outcomes of engineering knowledge transfer across generational 

boundaries raises skepticism among engineering managers and grey-beards but enthusiasm 

among entry-level engineers.  Early adapters can provide the encouragement and make 

methods visible.  The expectations and products produced from the engineering knowledge 

transfer across generational boundaries are not clearly identified and not currently a 

priority.  With the impending retirement rate, this needs to be addressed to continue to 

transfer the engineering knowledge needed to sustain multi-generational organizations like 

the federal government.  

Success cannot be easily measured in a knowledge environment.  Implementing 

new systems and acquiring success requires development of definitive measures and 

milestones.  Table 4-3, Stakeholder Analysis, provides a synopsis of stakeholder‘s risk and 

rewards of transferring generational knowledge, the funding associated with engineering 
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generational knowledge transfer buy-in, measures of successful generational knowledge 

transfer and a summarization of stakeholder‘s analysis.   

 

Manager Grey-beards Entry-level Summary 

Risks and 

Rewards 

(-)Risk of failure decrease 
interest 

(-) Potential lost of 

investment 
(+) Rewards increase interest 

–early adapters to promote 

programs 

 (-)Skepticism from 
change 

(+) Interest in fast paste 

unstructured teaching-
passing knowledge 

(-) Difficulties 
adopting to new 

learning system 

(+)Encourage 
collaboration, 

communication and 

creativity 

 
Rewards from 

outlying an 

engineering 
generational 

knowledge transfer 

system overcomes the 
risk 

Funding 

(-)New expenses for new 

technology 
(+) Low cost technology  

(+) New opportunity for 

growth in educational 
driven technology 

(+) Low cost methods 

of learning to develop 
discipline-specific 

engineers 

The change is more 

methods then 
technological 

Success  

(-) Delayed success results 

add suspicion. 

(+) Developing and Hiring of 
skilled workers in the 

government 

(-)Conflict between 

traditional learning and 

new technology 
(+)Increase 

collaboration and 

communication 

(+) Lifelong learning 

(+)More engineers 

learning 
 

Engineering 

organizations will 

benefit from the 
improved or new 

skills  

Summary 

A mission-driven 

organization will face 
challenges developing a new 

budget and regulations for 

measuring success of the 

knowledge transfer system  

Gains from developing 

engineers and also 
developing technology 

used in new system 

Developed  engineers  New method allows 

an engineering 
organization to 

capitalize on the low 

cost knowledge 

transfer methods and 

production of a 

collaborative and 
creative workforce 

Table 4-3. Stakeholder Analysis (Davis, 2012) 

The stakeholder summary in Table 4-3 indicates that the rewards from outlying an 

engineering generational knowledge transfer system overcomes the risk.  The summary 

also alludes to the low cost associated with implementation due to a change in methods 

rather that a change in technology.  The summary indicates that success can be measured 

by the benefits gained that improve or establish new engineering skills.  This new method 

will allow an engineering organization to capitalize on the low cost knowledge transfer 



 

119 
 

methods to produce a collaborative and creative workforce with expectations built on 

continued process improvement to continuously instill generational knowledge importance. 

Undefined knowledge boundaries increase the need for more demanding KM 

process development.  Because KM constraints are not distinct to individual knowledge 

barriers, they can be developed to address boundary identification (Carlile, 2002; 2004).  

The literature review indicated further implication be granted to improving engineering 

generational knowledge transfer  boundaries‘ identification, while trying to define lost 

knowledge coupled with increasing retirement rates (Davis, Sarkani & Muzzuchi, 2012).  

Shared communication (Shannon & Weber, 1949) improves knowledge competencies 

(Winter, 1987) by increasing the integration of useful accessible technology (Jackson, 

2010) with existing generational knowledge.  Defining the engineering generational 

knowledge transfer boundary improves the knowledge-sharing while assessing the 

impending knowledge loss from increased retirement rates at the same time implementing 

strategies for knowledge retention (DeLong, 2004).   

The next section provides process improvement procedures that can be 

continuously developed, reviewed and adapted for unremitting organizational development 

through engineering generational knowledge transfer. 

4.3 Continuous Process Improvement (CPI) 

This research examined existing defined knowledge transfer boundaries while 

exploring federal retirement rates and new hire trends to help define the existence of the 
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engineering generational knowledge transfer boundaries.  The proposed STEAK Model 

requires the use of existing and developmental technologies that can be used to evaluate the 

identified knowledge.  This model was built on the parallel perception that where there is 

more procedural similarity, there is more success (Darr, Argote & Epple, 1995).  This 

premise signifies the need for continuous interactions and development.   

This research presents CPI as a way to evaluate and continually adjust the 

engineering generational knowledge transfer process to successfully achieve organizational 

goals.  CPI provides organizations a structured approach for analyzing the current 

workforce status and improvement processes in order to perform more efficiently and 

effectively (CPI, 2008).  CPI allows for the assessment of generational knowledge as the 

basis for successful transfer of engineering generational knowledge.  The ‗Must‘ 

fundamentals required to provide effective CPI implementation in the DoD is to provide an 

established infrastructure that supports CPI, having aligned outcome-focused goals, 

developing a thorough problem-solving structure and establishing a strong and 

continuously visible leadership commitment and involvement from the top of the 

organization to support a culture of innovation and teamwork (CPI, 2008).  Incorporating 

this CPI approach, the proposed STEAK Model, Figure 4-4, allows for planning and 

implementation of the knowledge transfer across engineering generational boundaries.  The 

model allows for the accomplishments of holistic goals to address issues substantiated by 

generational characteristics and avoid associated augmentation through an isolated focus on 

a specific engineering generational knowledge transfer process essentials to determine a 
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course of action that will improve organizational success and continuous improvement of 

the engineering generational knowledge transfer process among engineers (CPI, 2008). 

The proposed STEAK Model, Figure 4-4, adapts the use of continuous process 

improvement techniques to account for the constant changes that occur in engineering to 

transfer needed engineering knowledge.  ‗Integration Planning‘ that includes continuous 

improvement and continuous knowledge integration solidifies the interaction between 

generations and the knowledge produced.  ‗Existing Engineers‘ should encourage 

generational knowledge transfer and initiate sustained interaction with ‗New Engineers‘.  

This process can be implemented by creating an action plan to incorporate existing 

knowledge transfer processes.  This preparation requires a cost evaluation that should result 

in a distinct timeline for evaluating the current situation and implementing revisions to 

current KM and knowledge transfer methods.   

To continue this course of action, the STEAK Model will be used to identify and 

specify the knowledge required for the continuous evolution of engineering knowledge.  In 

Figure 4-4, the solid arrow from the ‗Existing Engineer‘ to the ‗New Engineers‘ represents 

the transfer of experience and other inherent knowledge and the dotted arrow from the 

‗New Engineers‘ to the ―Existing Engineers‘ represents new technologies and trends used 

by these engineers as well as their inherent knowledge.  The cycle must be constant to 

account for daily knowledge transfer, interactions and the need for continuous 

improvement. 
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Without guidelines, the generational engineering knowledge being transferred could 

potentially be blocked, disrupting the relationship among engineers.  The preemptive 

model, Figure 4-4, is grounded in a systemic and evolutionary perspective, combining a 

top-down and bottom-up approach to define problems and evaluate solutions with an 

engineering generational knowledge transfer standardization premise.  This model can be 

used to build an integrated, sustainable engineering generational knowledge transfer 

process.  The design of the engineering generational knowledge transfer process requires 

modeling the existing knowledge transfer process and identifying stakeholder 

requirements.  This includes identifying the rolls of leadership and engineers in improving 

engineering generational knowledge transfer within an organization from various 

perspectives.  Building from the KTAF, the STEAK Model associates the gaps between 

identified generational boundaries and encourages the transfer engineering generational 

knowledge.  The expectations of these tools include the capacity to identify the need for 

knowledge insurgence and define methods to deploy knowledge transfer techniques for 

engineering knowledge transfer. 

With further development, this model, Figure 4-4, can be used to identify and 

illustrate a knowledge transfer structure that integrates engineering generational 

knowledge, including technology enhancements, to make room for continued adaptability 

for future generations.  This research provides this model as a proposed tool to improve 

knowledge transfer.  This model will be tested within the federal government and the 

results will be published at a later date.   
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In order to prepare for future needs, organizations must prepare for the unexpected 

by thinking long-term in addition to short-term while learning from previous generations 

(Cornish, 2005).  The next section takes a look at futuring of knowledge transfer processes 

that can be used to provide the required generational knowledge needed for continued 

organizational growth.  The engineering generational knowledge transfer process is 

presented and explored in the next section but requires additional testing to provide an 

accurate timeline for implantation with measurable milestones that indicate success or 

failure.    

4.4 Futuring 

Since there is not a one-size fits-all approach to improving engineering knowledge 

transfer across boundaries, organizations must find a way to transfer the engineering 

knowledge needed to prepare young engineers to effectively progress in the workforce and 

advance the knowledge of the engineering disciplines (Doerfert & Miller, 2006).  This 

research explored the approach and implementation of several futuring tools, including 

decision corridors, e-Governance and a rolling programme that can be used to develop the 

strategies required to continuously improve the current state of knowledge transfer 

techniques to advance the engineering knowledge methods used to transfer knowledge 

across generational boundaries.  Futuring is the strategic planning performed by an 

organization to build and continually construct a future (Cornish, 2005).  Futuring provides 

preparation for future needs by allowing organizations to prepare for the unexpected and 
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provide long-term and short-term solutions while learning from previous generations 

(Cornish, 2005). 

A unique combination of theory and skills is necessary as grey-beards or 

experienced engineers transfer the engineering knowledge needed to ease the complexity of 

preparing young engineers to effectively progress in the workforce and advance the 

knowledge of engineering disciplines (Doerfert & Miller, 2006).  These techniques must 

provide a holistic approach and using futuring tools will allow for growth within an 

engineering organization from its current knowledge transfer state to a future knowledge 

transfer state exposing generational knowledge loss.  Using futuring tools ―…means that 

we have purposefully chosen to eat the ‗elephant‘ one bite at a time‖ (Delaney, 2003, p. 

58).  A combination of these futuring techniques and tools can advance the facilitation of 

the STEAK Model.  Although the generational knowledge transfer process concept is not 

ideal and could potentially become overwhelming, the premise of ‗doing nothing‘ to pursue 

the transfer of corporate and social innovative knowledge is not a viable choice to ensure 

the future of KM and knowledge transfer across generational boundaries within 

engineering (Delaney, 2003).   

The premise of the proposed STEAK Model and the engineering generational 

knowledge transfer process is in part based on the first futuring process explored, 

techniques of the decision corridors.  Incorporating these techniques will allow the 

engineering generational knowledge transfer process to take a holistic approach while 

attempting to balance the snowballing effect of individuals making self-fulfilling tradeoffs 
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(Delaney, 2003) without regard to needed knowledge transfer or organizational goals.  This 

relates directly to the different engineering values based on varying generational 

characteristics discovered during this research.  In the decision corridor techniques, the 

corridor is the decision maker uncertain amount of assessment room within the life of the 

decision process (Delaney, 2003) which compares to the uncertain amount of applicable 

knowledge and time to potentially use this not clearly identified generational knowledge 

from engineers.  

Similar to the decision corridors process, the proposed engineering generational 

knowledge transfer process will represent a flexible approach that will allow strategic 

organizational focus to ensure generational knowledge sustainment takes place from one 

generation to the next  (Delaney, 2003).  Like the decision corridors approach, the 

engineering generational knowledge transfer process will integrate the skills from all 

stakeholders, engineers and architects at all levels who are concerned with the preservation 

and transfer of generational knowledge.  In the same way that the decision corridors 

techniques allow for organizational exploration from both an internal and an external 

viewpoint, a proposed engineering generational knowledge transfer process could use this 

practice to highlight unnoticed generational differences that could potentially have serious 

consequences (Delaney, 2003).  Preventive measures can be established to evaluate the 

consequences and the beneficial aspects of these underlined differences based on 

generations.  
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These preventive measures lead to the aspect of the decision corridors approach that 

directly relates the ability to identify opportunities to plan tentative future engineering 

knowledge management decisions to the development of a proposed engineering 

generational knowledge transfer process (Delaney, 2003).  Like the decision corridors 

process, an engineering generational knowledge transfer process will use various suite 

concepts, tools and techniques including anticipatory management, knowledge 

management, risk management, strategic management and future analysis (Delaney, 2003).  

This approach focuses on improving decisions and productivity by integrating management 

insight and the determination to transfer needed generational knowledge (Delaney, 2003).  

Decision corridors techniques can be further integrated into the engineering generational 

knowledge transfer process.  They can be used to map the knowledge transfer process from 

other generations while considering implementation factors (Delaney, 2003) in order to 

capture and evaluate the generational knowledge for transfer.   

Like developing critical corridors, the engineering generational knowledge transfer 

process can be used to identify important relationships such as boundary characteristics and 

recognizing the strengths of the generational connections; detect important flows of ideas, 

people, information, financial resources and knowledge products and services; and 

understanding the important processes of change in an organization like the evolution of 

new engineers, adaptation of new tools and technology and the transformation of 

engineering management approaches (Delaney, 2003).  This holistic approach will permit 

continuous development of the existing engineering knowledge transfer methods.  It will 

also provide a tool that can be used to balance the rapidly increasing affects of making 
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compromising organizational decisions, while examining engineering generational 

knowledge transfer boundaries.    

The next futuring tool explored, e-Governace, was identified due to its current use 

within engineering.  Like e-Governance, an engineering generational knowledge transfer 

process needs to be a knowledge creation and management practice tool that involves 

utilization of internal generational resources within engineering organizations (Misuraca, 

2009).  Viewing the evolution patterns linked to the development of the Internet and all the 

applications of the Information and Communication Technology (ICT) management 

methods within various engineering societies, the future of knowledge transfer involves the 

growing user-driven influences and technological choices at stake in an organization 

(Misuraca, 2009).  e-Governance insists that engineering organizations should learn how to 

manage and govern the ICTs instead of being managed by ICTs, simply put, the technology 

does not dictate the basis of the knowledge being transferred (Misuraca, 2009).  The 

engineering generational knowledge transfer process user will identify what and when 

knowledge needs to be transferred.  The engineering generational knowledge transfer 

process premise will address engineering knowledge transfer inefficiencies by allowing a 

productive and creative interaction among people and technologies within an organization 

(Misuraca, 2009).   

Like ICTs, the engineering generational knowledge transfer process can employ 

quick engineering access to ideas and experiences from a wide range of people, 

communities and cultures to enhance engineering generational knowledge transfer 
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(Misuraca, 2009).   Engineering generational knowledge transfer processes can be used to 

find, explore, analyze, exchange and present engineering information responsibly without 

knowledge discrimination from one generation to the next.  The engineering generational 

knowledge transfer process will allow engineers to participate in a rapidly changing 

knowledge transfer world in which work and other activities are increasingly transformed 

by accessing varying and developing engineering technologies from past, present and 

future knowledge sources (Misuraca, 2009).  Integration of ICTs‘ trends will allow an 

increase in engineering knowledge transfer competitiveness and growth within an 

organization (Misuraca, 2009).   

To evaluate the supports actions towards guidelines and further develop an 

engineering generational knowledge transfer process, the rolling programme was explored.  

Both the rolling programme and the generational knowledge transfer process objectives 

follow, capture and highlight advancements using generational innovation and life-cycle 

oriented activities, improving knowledge transfer (Paci & Chiacchio, 2008).  The 

engineering generational knowledge transfer process will provide preventive measures that 

require the understanding of an organization‘s entire knowledge transfer process (Paci & 

Chiacchio, 2008).  An assessment of the stakeholders impact analysis of generational 

capabilities will be generated based on four futuring activities; Foresight, Road mapping, 

Implementation and Monitoring, (FRIM) (Paci & Chiacchio, 2008).  FRIM supports a 

common vision of response by leadership to improve knowledge transfer and anticipate 

challenges.   
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Some of the futuring activities described in the FRIM cycle can be integrated into 

the engineering generational knowledge transfer process.  These include the following 

(Paci & Chiacchio, 2008): 

 Foresight (F) enables decision making initial and continuous updating 

about demand driven occurrences related to top-down knowledge  

 Roadmapping (R) moves towards an open process and enables initial and 

continuous screening and planning of the future work supporting the 

advanced feasibility of the next generation developing traceability of 

generational expected impacts  

 Implementation (I) builds consistent objectives for stakeholders 

interventions and plans priorities to minimizing threats, maximizing 

opportunities and reducing engineering generational knowledge transfer 

risks  

 Monitoring (M) enables the assessment and evaluation of the innovation 

process towards new markets based on generational knowledge 

sustainability 

Incorporating portions of the FRIM cycle into the engineering generational knowledge 

transfer process will allow for continuous improvement of the engineering generational 

knowledge transfer process for the preparation of knowledge transfer actions while 

providing impact assessment analysis for knowledge transfer innovation through early 

estimation of impacts from generational improvements or mishaps (Paci & Chiacchio, 

2008).  Integrating the FRIM continuous futuring cycle in the engineering generational 

knowledge transfer process resolves the necessity to support knowledge transfer 

competitiveness and sustainability issues, ensuring effectiveness, efficiency, consistency of 

actions and commitment of engineering generations (Paci & Chiacchio, 2008).   
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Applying futuring activities to an engineering generational knowledge transfer 

process will integrate impact assessment analysis, methods and knowledge management 

tools for innovation to ensure effectiveness, efficiency and consistency in a knowledge 

transfer environment (Paci & Chiacchio, 2008).  This approach integrates generational 

innovations discovered in an organization and allows for direct participation of all 

knowledge stakeholders.  This approach also allows an organization to operate in an open 

knowledge environment where traceability represents a strategic element for future-

oriented technologies and for horizontal issues that ensure the value upstream through the 

availability of existing competences and of sound directions (Paci & Chiacchio, 2008). 

Generational knowledge is an important part of an organization‘s overall 

knowledge success and organizations must be innovative in the pursuit of a resolution to 

capture and transfer engineering generational knowledge.  This section explored the 

approach and implementation of several futuring tools, including decision corridors, e-

Governance and rolling programme techniques that can be used to improve strategies 

required to continuously improve the current condition of generational knowledge transfer 

and make advancements to engineering knowledge methods used to transfer knowledge 

across generational boundaries.   

  The next section provides a summary of the research findings. A generational 

knowledge transfer process is presented and explored in the next section but requires 

additional testing to provide an accurate timeline for implantation with measurable 

milestones that indicate success or failure.    
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4.5 Summary of Findings 

The incorporation of the knowledge transfer methods and techniques presented in 

this research will permit the identification of possible contingencies to develop engineering 

knowledge management strategies needed to outline engineering generational knowledge 

transfer procedures (Delaney, 2003) that can be implemented in instances where 

generational knowledge is missing but is required.  This approach will allow for the 

development and sharing of information to identify knowledge transfer boundary indicators 

so engineers can make informed decisions concerning organizational risks and the 

engineering generational knowledge transfer approaches. 

This approach enables the interconnection between generations and the existing 

validated steps to transfer knowledge and requirements to provide needed engineering 

generational knowledge.  Incorporating potential knowledge transfer techniques will 

produce a process to allow for an innovative and productive way to increase engineering 

knowledge communication and growth within a mission-driven organization like the 

federal government.  The proposed engineering generational knowledge transfer process 

will consist of a component process cycle in order to permit the participation of engineers 

in foresight, roadmaps, implementation and monitoring initiatives to respond to a need like 

generational knowledge transfer across engineering boundaries (Paci & Chiacchio, 2008).   

Figure 4-5, Generational Knowledge Transfer Algorithm (GKTA), illustrates the 

engineering generational knowledge transfer process.  The engineering generational 

knowledge transfer process encourages multi-generational organizations to use its existing 
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resources to improve engineering knowledge transfer across generational boundaries.  

Executing the phases of this process will improve knowledge management techniques 

while continuously monitoring the risks associated with knowledge transfer methods will 

allow stakeholders to assist in the successful transfer of engineering knowledge, but the 

approach is not straightforward.  The direct phases are indicated with solid-line arrows and 

the alternative is designated with a dotted-line arrow.  The approach requires an evaluation 

method to indicate the phase path to choose, direct or alternative.  These methods will be 

used to leverage the knowledge needed to sustain and excel engineering disciplines.   

This algorithm involves four phases: 

 Phase 1: boundary analysis 

  to identify the existence of engineering generational knowledge 

transfer boundaries 

 Phase 2: evaluation of existing methods/processes/procedure 

 Phase 3: plan for implementation  

 classify generational knowledge for transfer  

 identify and record valuable generational knowledge 

 prioritize generational knowledge 

 analysis of stakeholders  

 establish knowledge valuation system 

 estimated timeline for roll-out to include retirement trends 

 Phase 4: implementation and continuous improvement 

 incorporate engineer’s best practices  

 succession planning 
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In Figure 4-5, the GKTA process from Phase 1 to Phase 2 indicates a linear 

interchange, followed by a hierarchy of the subsequent Phases, 3 and 4.  Phase 1, Boundary 

Analysis, should occur during the initial classification of the generational knowledge but 

can be identified during the next corresponding phase, Phase 2, KM Evaluation.  This 

analysis is indicated by the horizontal placement and occurs with or without the 

corresponding phase.  Phase 1, Proper boundary identification allows management to 

estimate proper coordination and funding to effectively transfer needed generational 

knowledge but if the boundary was previously identified, this could save allocation time 

and funds.  Phase 2, existing KM method and process evaluation, should be a recurring 

process that can be synchronized with Phase 1.  Phase 2 provides an assessment of current 

methods, processes and procedures and provides validation for the KM methods used to 

capture the required knowledge.  At this state, evaluation will allow for revisions and 

extrapolation of successful practices previously implemented within the organization.   

Once the knowledge transfer boundary is identified and the KM process used is 

evaluated and validated, the next phase of the engineering generational knowledge transfer 

process can be executed.  Phase 3 allows for the appropriate planning, prioritizing and 

analysis of the needed generational knowledge.  Stakeholder involvement analysis and 

generational knowledge valuation will permit appropriate funding and time allocation.  

This is important because the combined top-down/bottom-up approach requires an 

equivalent level of effort from management and engineers to plan the implementation and 

categorize the generational knowledge.  Phase 4 implements the procedures required for 

engineering generational knowledge transfer and allow for continuous improvement with 
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scheduled adjustments to incorporate best practices and lessons learned from retiring 

generations that will provide for accurate succession planning.      

This graphical algorithm, Figure 4-5, is a proposed tool that could provide early 

boundary identifiers during Phase 1 and Phase 2 while exploring knowledge loss indicators 

to prepare a plan to categorize existing or experimental KM methods to transfer needed 

generational knowledge, Phase 3, which will be executed in Phase 4.  Figure 4-5 also 

indicates alternative paths to account for preexisting components of the process and 

continuous improvement of the engineering generational knowledge transfer process.  This 

engineering generational knowledge transfer process is based on adaptations of the futuring 

tools indicated in this chapter and was not tested during this research.   

It was discovered that the characteristics of each generation help bound and classify 

knowledge but also restricts the transfer of that knowledge to other generations.  The 

findings of this research are significant to management because there is little empirical 

research that exists that involves the exploration of the identification of the engineering 

generation knowledge transfer boundary in secondary engineering.  The intent of this 

research is to fill a gap in engineering generational knowledge transfer practical research 

performing an exhaustive literature review and developing practical knowledge transfer 

tools.  The findings of this research provides leaders with an identification of the 

engineering generational knowledge transfer boundary to help validate the impact of 

knowledge loss across generations through the exploration of knowledge transfer strategies, 

methods and processes for mitigating knowledge transfer barriers to create the optimal 
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knowledge transfer process and facilitate multi-generational knowledge transfer among 

engineers (McNichols, 2010).   

The outcome of this chapter established the use of tools and techniques that are not 

exclusively used in engineering KM but essential to successful KM and knowledge transfer 

across boundaries.  These tools can be used to explore the generational knowledge transfer 

life-cycle in order to integrate parallel knowledge transfer requirements to create tools and 

models to account for the transfer of generational knowledge; like the STEAK Model and 

adapting an engineering generational knowledge transfer process.  By demonstrating the 

integration of long-term use methodologies and employing short lead time knowledge 

transfer procedures, faster knowledge assimilation and enhanced control of the engineering 

generational knowledge transfer process will be achieved.   

The next chapter concludes this research and provides a discussion, implications, 

conclusion and areas for future research. 
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CHAPTER 5: CONCLUSION 

5.1 Discussion and Implementations 

Engineering knowledge is developed within engineering communities or 

organizations that are bounded in some way.  Within a mission-driven engineering 

organization, there are many different kinds of boundaries to consider including divisional, 

locality, cultural and generational.  Effective generational knowledge transfer between 

engineering communities and organizations is one of the innermost significant attributes of 

the engineering organization‘s knowledge transfer success and continued improvement.  

With variations in boundaries and the types of knowledge, there are a variety of knowledge 

authorities that prescribe traditional engineering knowledge management and knowledge 

transfer tools and techniques to achieve organizational goals (Blackwell, et al., 2009).  The 

engineering generational knowledge transfer framework and model presented earlier in this 

research can be used as tools in engineering organizations to improve strategic decision-

making and progressively provide needed engineering knowledge.  Using these 

engineering tools in conjunction with knowledge transfer futuring techniques and tools 

provides measurable feedback to continually improve the transfer of engineering 

knowledge across generational boundaries.      

While gathering information during this research, varying perspectives between 

management and engineering generations indicated a requirement to transfer generational 

knowledge across undefined generational boundaries within engineering.   The results of 

this research recognized that innovation and knowledge from people provides an assured 
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source of long-term success and competitiveness for an engineering organization, because 

every other aspect of that organization can be duplicated by others (Drucker, 1985).  This is 

important to remember because the field of engineering is sustained by innovation and the 

people who drive engineering improvements.  Engineering organizations cannot develop, 

learn or grow independently of its human capital but individuals learn, develop and acquire 

knowledge both independently and within the organization (Bogdanowicz & Bailey, 2001).   

Engineers bring prior education, experience, knowledge and skills, and as they interact 

within the organization, they draw on their experience to develop their skills and 

knowledge further, adding value of the organization (Bogdanowicz & Bailey, 2001).   

The premise of this research concurs with Argote and Ingram‘s (2000) article 

entitled ―Knowledge transfer: A basis for competitive advantage of firms.‖  In this work, 

the authors imply that knowledge transfer is a process through which one generation is 

directly affected by another generation and the knowledge transferred within this instance 

is vital for continued success.  This is significant because needed engineering knowledge is 

built upon and continues to evolve over time.  Without this common understanding, those 

engineers receiving the transferred generational knowledge will not be able to understand 

the knowledge nor apply the knowledge when needed.   

This research established the existence of engineering generational knowledge 

transfer boundaries by exploring existing engineering literature and methods.  Engineering 

knowledge transfer procedures should account for the incorporation of past generational 

knowledge to plan and improve future methods for engineering generational knowledge 
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transfer.  The practical implications of this paper include the classification of a distinct 

perspective marked by generational differences that emphasize the need to break-down the 

engineering generational knowledge barriers and fears associated with these engineering 

generations.  The research highlights indicators that emphasize the correlation between the 

generational characteristics and engineering generational knowledge transfer.  Identifying 

these similarities can help bridge the relationship between engineering generations and 

facilitate desirable knowledge recognition that will initiate integration of the engineering 

generational knowledge transfer tools and process.   

The establishment of the engineering generational knowledge transfer boundaries 

enables better internal communication within multi-generational engineering organizations 

and allows generational knowledge to be shared and not restricted to a specific engineering 

generation, division or department.  Through the research, it was discovered that in order 

for knowledge managers to develop a successful engineering knowledge transfer progress, 

engineers need to use progressively-shared knowledge as well as knowledge gained from 

other departments and other parts of the organization to include diverse generations and 

cultures (Bennet, 2000).  The expanded adaptation of methodologies explored generation 

gaps as a conventional engineering knowledge transfer boundary and associated 

engineering transfer methods to generational knowledge that may be lost as a result of the 

imminent retirement rates (Holtshouse, 2009).  This research delineates some of the 

characteristics that separate generations and impede engineering knowledge transfer to 

diagnose improvement methods and tools to improve engineering generational knowledge 

transfer (Davis, Sarkani & Muzzuchi, 2011).   
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This approach proposes modeling the current engineering knowledge transfer 

process and outlining why and how leadership is important to guide and improve 

engineering generational knowledge transfer within an organization from an employee and 

employer perspective.  Through the research, it was found that engineering managers are 

looking for a simplistic approach while practicing engineers are focused on the evolving 

technology trends used to identify and capture required engineering knowledge to aid in the 

transfer of engineering generational knowledge for continuous organizational growth.  

Engineering management benefits consist of understanding engineering generational 

differences including increased recruitment and employee retention (Zemke, Raines & 

Filipczak, 2000).   With more research, the tools presented can be used by engineering 

managers to forecast engineering succession rates, initiate knowledge insurgence processes 

and allow for continued knowledge-sharing, and improvements between engineering 

generations.  This research did not investigate technology while defining the engineering 

generational knowledge transfer boundaries. 

The next section provides a wrap-up of this research. 

5.2 Conclusion 

In conclusion, this research contends that engineering generational knowledge is 

required to allow learning and growth and allow engineering organizational success.  

Engineering generational knowledge transfer is necessary to sustain the competitive 

advantage of an organization (Sherif & Sherif, 2006) as well as support continuous 

innovation from engineering generational knowledge.  The absence of supportive literature 
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sustained the exploration of the engineering generational knowledge transfer boundary as a 

distinct barrier.  Qualitative textual analysis was used as a prerequisite to evaluate 

improvement and refine engineering knowledge transfer practices and provides a basis for 

this research while exploring existing literature, surveys, generational characteristics and 

integrating parallel KM requirements to frame an inherent community that will be 

adversely affected if the required engineering generational knowledge is not transferred 

(Davis, Sarkani & Muzzuchi, 2012).  This research generated an evaluation that 

emphasized continued research for applicability and the extrapolation of needed 

characteristics to refine new engineering knowledge transfer models and processes. 

Conclusively, this research identifies the existence of engineering generational 

knowledge boundaries within the federal government due to impending retirement rates, 

delineated by the characteristics that separate generations and impede knowledge transfer 

(Davis, Sarkani & Muzzuchi, 2012).   The basis of this research focused on bringing 

maximum KM benefits into a multi-generational engineering organization, like the federal 

government.  This can be accomplished by identifying the engineering generational 

knowledge transfer boundary and the characteristics that hinder continued knowledge 

transfer.  The engineering generational knowledge transfer model presented depicts a single 

process to communicate knowledge or transfer knowledge between or inside organizations, 

but further research is required.     
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The next section provides a look at future research topics that will lend to the 

adjustment of the engineering generational knowledge transfer model, framework and 

process. 

5.3 Future Research 

Engineering and architecture are highly collaborative fields and in the federal 

government they are often labeled as one group.  This research focused on engineering 

generational knowledge transfer that results in the creation of collaborative knowledge 

needed for continuous process improvement.  The results of this can be easily extrapolated 

to comply in many technical fields that may be affected by increasing retirement rates.   

The topic of generational differences needs to be continuously categorized allowing 

strategic KM techniques to be developed that will allow formal and informal 

communication to be used to identify, transfer and transform generational knowledge.  

Reducing the effects caused by not defining engineering generational knowledge transfer 

barriers will be impacted by the identification of the engineering generational knowledge 

transfer boundary.  This includes understanding the restrictions and managing the 

knowledge transfer between all identified knowledge barriers (McLaughlin, Paton & 

Macbeth, 2008).  The research goals introduced have been realized and continued research 

will be performed.   With this information, continued development of a tool that will allow 

continuous feedback and permit individuals to understand the nature of evolutionary 

knowledge transfer boundaries to keep the loss of impending of knowledge from ever 

becoming a crisis (Parise, Cross & Davenport, 2006). 
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The actual application of the research premise is being evaluated for absorption into 

a standard business line knowledge transfer practice.  The magnitude of this engineering 

generational knowledge transfer premise will be captured and documented in later research.  

This will allow an evaluation for effectiveness by first identifying the knowledge boundary, 

then identifying the knowledge needed to be transferred to sustain engineering capabilities 

and affects of the overall retirement rates on the knowledge transferred.   Further research 

will include improvements to the theoretical framework and model to incorporate testing 

within NAVFAC to identify the engineering generational knowledge transfer stakeholders‘ 

concerns and knowledge transfer failure consequences.  The expectation of these tools 

would be to identify the need for knowledge insurgence and methods to deploy knowledge 

transfer techniques for engineering knowledge transfer.  This preemptive model would be 

grounded in a systemic and evolutionary perspective combining a top-down and bottom-up 

approach to defining problems and evaluating solutions with an engineering generational 

knowledge transfer standardization premise.  This will provide a model that can be used to 

build an integrating sustainable engineering generational knowledge transfer process.  

Without these guidelines, the horizontal engineering knowledge being transferred could 

potentially be blocked by one generation disrupting relationships among engineers. 

Further quantitative research is needed to provide an interactive genetic algorithm 

(McLachlan & Krishnan, 1997) with an interface to explore retirement and novel 

engineering trends as variables may provide a comprehensible understanding of the 

relationship between the identification of the engineering knowledge transfer boundary to 

the ability to transfer generational knowledge.  This discrete-event simulation algorithm is 
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needed to address the need to assign incoming engineers with retiring engineers as well as 

addressing other multi-generational decision-making problems.  The algorithm will include 

a retirement rate advance timeline and schedule approach to provide an inclusive 

succession plan.   

The long-term objective of this research is the integrated knowledge transfer model 

and framework for practice and support of generational knowledge identification, 

capturing, categorizing and re-use.   
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APPENDIX A 

STEAK Survey Questions and Results 
 

1. What is your gender? 

  
Response 

Percent 

Response 

Count 

Male 
 

75.4% 82 

Female 
 

24.6% 27 

2. Choose your generation 

  
Response 

Percent 

Response 

Count 

Silent Generation (1925-1945)   0.0% 0 

Baby-boomers (1946-1964) 
 

31.9% 35 

Generation X (1965-1981) 
 

65.2% 71 

Millennial generation or generation Y (1982-

2001)  

2.9% 3 

3. How many years have you worked in your technical (engineering or architecture) profession? 

  
Response 

Percent 

Response 

Count 

0 to 3 years 
 

4.3% 5 

4 to 10 years 
 

20.3% 22 

11 to 20 years 
 

30.4% 33 

20 plus years 

 

 

 

 

44.9% 49 



 

158 
 

4. Do you believe knowledge is bounded by generations? 

  
Response 

Percent 

Response 

Count 

Yes 
 

26.1% 28 

Occasionally 
 

49.3% 54 

No 
 

24.6% 27 

5. Which mode of knowledge transfer do you prefer to use (1 being the most preferred, 4 being the least) 

  1 2 3 4 
Rating 

Average 

Response 

Count 

One on one interaction 
73.9% 

(81) 
11.6% (13) 8.7% (9) 5.8% (6) 1.00 109 

Group discussion 16.2% (18) 
50.0% 

(54) 
22.1% (24) 

11.8% 
(13) 

1.00 109 

Lecture 5.9% (6) 29.4% (32) 39.7% (44) 25.0% (27) 1.00 109 

Digital communication 17.6% (19) 20.6% (23) 27.9% (30) 33.8% (37) 1.00 109 

6. Technical knowledge is the knowledge of key trends developed and maintained for architecture and any engineering discipline 

including mechanical systems, electrical systems, weapon systems development, etc. How often do you receive technical knowledge 

from 

  Always Sometimes Rarely Never 
Response 

Count 

Silent Generation(1920-1942) 1.4% (2) 15.9% (17) 
47.8% 

(52) 

34.8% 

(38) 
109 

Baby-boomers (1943-1960) 24.6% (27) 60.9% (66) 13.0% (14) 1.4% (2) 109 

Generation X (1961-1981) 24.6% (17) 68.1% (47) 4.3% (3) 2.9% (2) 109 

Millennial generation or generation Y 

(1982-2001) 

 

8.7% (9) 43.5% (47) 29.0% (32) 
18.8% 

(21) 
109 
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7. How often do you offer technical knowledge to 

  Always Sometimes Rarely Never 
Response 

Count 

Silent Generation(1920-1942) 7.4% (8) 26.5% (29) 29.4% (32) 36.8% (40) 109 

Baby-boomers (1943-1960) 20.3% (22) 58.0% (64) 13.0% (14) 8.7% (9) 109 

Generation X (1961-1981) 27.5% (30) 68.1% (74) 2.9% (3) 1.4% (2) 109 

Millennial generation or generation Y (1982-

2001) 
44.9% (49) 47.8% (52) 4.3% (5) 2.9% (3) 109 

8. How often do you seek technical knowledge from 

  Always Sometimes Rarely Never 
Response 

Count 

Silent Generation(1920-1942) 7.4% (8) 35.3% (39) 27.9% (30) 29.4% (32) 109 

Baby-boomers (1943-1960) 30.4% (33) 56.5% (61) 11.6% (13) 1.4% (2) 109 

Generation X (1961-1981) 21.7% (24) 69.6% (76) 5.8% (6) 2.9% (3) 109 

Millennial generation or generation Y (1982-

2001) 
10.1% (11) 49.3% (54) 30.4% (33) 10.1% (11) 109 

9. During the technical knowledge transfer process, do you feel resistance from  

  Always Sometimes Rarely Never 
Response 

Count 

Silent Generation (1920-1942) 8.7% (9) 40.6% (44) 20.3% (22) 30.4% (33) 109 

Baby-boomers (1943-1960) 2.9% (3) 46.4% (50) 29.0% (32) 21.7% (24) 109 

Generation X (1961-1981) 0.0% (0) 39.1% (43) 44.9% (49) 15.9% (17) 109 

Millennial generation or generation Y 

(1982-2001) 

 

8.8% (10) 44.1% (48) 35.3% (38) 11.8% (13) 109 
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10. How much do you agree with the following statements 

  
Strongly 

agree 
Agree Disagree 

Strongly 

disagree Response 

Count 

It is hard to communicate with generations 

outside my own. 
0.0% (0) 21.7% (24) 69.6% (76) 8.7% (9) 109 

It is easier to communicate within my 

generation. 
13.0% (14) 72.5% (79) 14.5% (16) 0.0% (0) 109 

My preferred method of communication 

makes it easier to communicate within my 

generation. 

14.5% (16) 62.3% (68) 20.3% (22) 2.9% (3) 109 

Communication with other generations is 

difficult. 
4.3% (5) 14.5% (16) 65.2% (71) 15.9% (17) 109 

 

 

 
 


