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fruit of collaborations with many people, some of whom I would like to acknowledge. 

Many people generously shared their knowledge, experience, and expertise to enable me 

to complete this project. First, I could not have succeeded without the strong and ongoing 
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Operations Office, whom Ms. Smart asked to serve as my air traffic control advisor, continued to 

provide invaluable advice even after leaving Terminal Services to assume another position; Dr. 

Theresa Kraus, the FAA Historian, researched and informed me about the chronology of past 

events in the agency; Ms. Robin Darden assisted with data entry of the paper surveys. I want to 

express my gratitude to Dr. Dana Broach, Personnel Research Psychologist at the Civil 

Aeronautical Medical Institute, who helped interpret and update the final data analysis. I want to 

warmly thank my former manager, Dr. Rick Wallace, who gave me the opportunity to serve 

under him as a knowledge manager. I also want to thank the members of my FAA management 

team, who allowed me to conduct this research as part of my regular job. 
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I would especially like to express my fondest and deepest gratitude to my two advisors, 

the late Prof. dr. René Jorna and Prof. dr. Luchien Karsten (University of Groningen – RuG) for 

their exceptional knowledge, profound insight, and unwavering support throughout all phases of 

this study. I remain deeply saddened by the sudden loss of Dr. Jorna in September 2013. He was 

my inspiration and friend, and without his excellent guidance I could not have completed my 
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improve the final version of my dissertation. 

Further, I would like to acknowledge Ms. Durkje van Lingen-Elzinga, Dr. Jorna’s 

secretary and Ms. Jenny Hill, Dr. Karsten’s secretary, who helped and advised me on many 

occasions when I was unable to communicate directly with the two professors. 
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Preface 

My journey to undertake and complete this study took me through many steps, and many 

people helped me achieve the research described in the following chapters. Some touched me 

only temporarily by enabling things to happen, while others helped me ensure that the work 

progressed.  

I initially began working in knowledge management (KM) in 1994 when the United 

States (U.S.) Federal Aviation Administration (FAA) sent me to a course where I was exposed to 

Peter Senge’s systems thinking. In 1999, the agency authorized my participation in the IBM 

Institute for Knowledge Management (IKM) where I helped design, steer, and participate in the 

Institute’s academic research projects. I remained involved with IKM until its end in 2004. 

Concurrently, I became a charter member in the U.S. Federal KM Working Group, a group of 

KM practitioners from government, industry, academia, and nonprofit from around the globe. I 

eventually led this group as its co-chair between 2002 and 2004 and again between 2007 and 

2008. 

Following my long exposure to KM at both the academic and practical levels, I decided 

to pursue an advanced degree in the summer of 2009. At that point I had over 15 years of 

experience in KM and was recognized as an expert in the field. Through LinkedIn1 I connected 

with Prof. dr. René Jorna at the University of Groningen (RuG), the Netherlands, who agreed, 

after reviewing my research proposal and my curriculum vitae, to become my chief advisor. 

It took a year to obtain approval from the FAA to pursue my research and make it part of 

job at the agency. I travelled to RuG in November 2010 for the first sit-down session with Prof. 

Jorna to discuss the details of my research and the requirements for my academic pursuit. I 

returned to RuG approximately every three months to review my academic progress with my 

advisors and make necessary changes to my research. In April 2012 Dr. Jorna asked Prof. dr. 

Luchien Karsten to join his team of advisors to provide another different perspective in designing 

and guiding my research. 

                                   
1 http://www.linkedin.com accessed 27 January 2013 
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In September 2013, tragedy struck with the untimely death of Dr. Jorna, my chief advisor 

and dear friend. In the face of this terrible loss, Dr. Karsten generously volunteered to shepherd 

the project through its final steps. 

Because this research was part of my job at the FAA, management fully supported it. The 

agency recognized a value in the research as would result in recommendations on how to update 

the training of the new generation of air traffic controllers by accommodating their preferences. 
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Summary 

A few academics, such as Lancaster & Stillman (2002) and Tulgan (2000), as well as the 

popular press have written that the three generations in the workplace have their own attitudes 

towards training, work, and life. The next generation coming into the workplace, the Millennials, 

are adept at using new technologies and most likely prefer to use them at work. Born between 

1981 and 1999, these young people are called “digital natives” because they grew up since Tim 

Berners-Lee of the European Organization for Nuclear Research (CERN) introduced the first 

Web browser in 1991.  

While scholars are studying knowledge transfer among members of different cultures, 

demographics, and organizational entities, knowledge management (KM), theory and research 

have not adequately addressed how knowledge is best transferred from one age group to another 

in operational and training work environments in a technical organization such as air traffic 

control (ATC).  

ATC is a fertile area of investigation since knowledge and experience are integral to job 

performance due to the range of technical and safety issues involved and the need to make quick 

decisions in demanding conditions. Controllers are often required to improvise when facing new 

situations, requiring them to rely on their tacit knowledge. Further, as they form new judgments, 

they create new tacit knowledge that must be captured and transferred to others. The research 

explores preferences for capturing and transferring tacit knowledge to the incoming generation of 

Millennials who are training to become certified air traffic controllers. 

Knowledge capture and transfer challenges are particularly acute for air traffic controllers 

in the United States (U.S.) Federal Aviation Administration (FAA). In 2014, the last senior 

certified controllers hired after President Reagan fired the striking controllers in 1981 will retire, 

a mass exodus of knowledge. The agency expects more than 12,000 controllers to leave through 

2021. As a result, the FAA will need to identify the most efficient and effective ways to transfer 

mission-critical knowledge to the Millennials who are replacing them.  
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This research builds on existing theory and practices in KM, especially knowledge 

transfer, adding the dimension of intergenerational knowledge transfer in operational and 

training environments. To generate the data, air traffic controllers and trainees and students 

studying ATC completed a survey through a questionnaire comprising four sections: (1) 

communications, (2) task, (3) training, and (4) demographics. 

The agency transfers mission-critical knowledge to new air traffic controllers through a 

combination of (1) formal classroom instruction, (2) on-the-job training (OJT), and (3) computer 

simulation. The research questionnaire solicited the opinions of respondents on these three 

learning modes as well as the effect training of potentially augmenting traditional ATC training 

by introducing social technologies and mobile smart devices.  

The methodology used for this project was quantitative survey research, following a 

modified hypothetical-deductive approach. The overall research question was: how do age 

differences influence preferences in technology and collaboration for capturing and transferring 

knowledge? 

The data analysis confirms four hypotheses and are equivocal about three hypotheses, as 

follows: 

 H1. Older air traffic controllers prefer fewer modes of communications and use them 

less frequently than do younger controllers. The questions associated with this hypothesis dealt 

with eight areas of social communications: social media (active), social media (passive), landline 

phone, mobile, e-mail, texting, social network, and face-to-face communication. 

The data confirm this hypothesis. Boomer respondents preferred landline phones and e-

mail, while Millennials preferred the six other modes. The only area that showed unexpected 

results was face-to-face communication, which may be typical for younger workers (both Gen 

Xers and Millennials) working in an environment where they need a high degree of tacit 

knowledge transfer from their more experienced colleagues. 

H2. Older air traffic controllers search longer for and share less information than do 

younger controllers. The data are equivocal about this hypothesis. 
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H3. Older air traffic controllers find classroom instruction, instruction materials, and 

computer simulation less effective than do younger controllers. Two questions were associated 

with this hypothesis. First, participants were asked about the effectiveness of five existing 

training methods: (1) classroom lecture, (2) mentoring, (3) simulation, (4) study guide, and (5) 

Web-based training. Second, participants were asked to judge the effectiveness of potential 

future training methods: (1) mentoring program and (2) peer assist. 

The data confirm this hypothesis. In response to the first question, Boomers found 

classroom lecture, mentoring, simulation, study guides, and Web-based training to be less 

effective than did Millennials. In response to the second question, Boomers found the 

effectiveness of mentoring and peer assist to be about the same as did the younger controllers. 

H4. Older air traffic controllers find laboratory simulation and online databases less 

effective than do younger controllers. The questions associated with this hypothesis asked 

participants to judge the effectiveness of four potential future training methods (1) electronic 

documents, (2) frequently asked questions (FAQ), (3) laboratory, and (4) message boards.  

The data confirm this hypothesis. The data show that older controllers use KM databases 

less than do younger controllers. The data show that older controllers use KM databases less than 

younger controllers in all four areas. 

H5. To transfer mission-critical knowledge in the FAA, older air traffic controllers use 

KM principles less than do younger controllers. The questions associated with this hypothesis 

dealt with six different areas that asked the frequency of (1) locating experts, (2) finding 

information, (3) identifying lessons learned, (4) identifying initiatives, (5) sharing work 

information, and (6) building and maintaining a body of knowledge. 

The data confirm this hypothesis. Boomers located experts, identified lessons learned, 

identified initiatives taking place, and built and maintain a body of knowledge less often than did 

Millennials. All three groups found specific information and shared work information roughly as 

often. The data show that older controllers use KM principles less than do Millennial controllers 

in four areas (1, 3, 4, and 6) and about the same in two areas (2 and 5). 
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H6. Older air traffic controllers catalog and store information about tasks more than do 

younger controllers. The data are equivocal about this hypothesis. 

H7. Older controllers disseminate information about tasks less readily than do younger 

controllers. The data are equivocal about this hypothesis. 

These results indicate that, compared to Boomers, Millennials are more open to new 

technologies and prefer to include social technologies and mobile smart devices in the work and 

training environments.  

This research sought to define differences in the knowledge, communications, and 

learning habits and preferences of members of the younger generations in technical work and 

training environments to determine whether the organizations that use them could benefit from 

incorporating knowledge transfer approaches that appeal to their younger workers (Smola & 

Sutton, 2002). More specifically, it addresses whether the FAA would benefit from augmenting 

its traditional ATC training by introducing social media and mobile smart devices to appeal to 

the younger new hires. 

Summary of results. The following summarizes the conclusions gleaned from the 

research: Younger generations prefer to use newer technologies in the workplace and for training 

(including social media and mobile smart devices); Millennials showed more knowledge-related 

behaviors (e.g., locating experts and identifying lessons learned) compared to Boomers in some 

cases, and in others there were no generational differences in these behaviors (e.g., searching for 

and sharing information); Millennials use more knowledge resources (such as expertise locators 

and knowledge bases) and do so more frequently than do their older colleagues; and Millennials 

rate some traditional training methods (such face-to-face time with mentors or OJT instructors 

and classroom training) more highly than do Boomers. 

Lessons learned. The following summarizes the lessons learned: First, the research 

uncovered preferences for modes of knowledge transfer, communication, and learning that may 

create challenges in the workplace. For example, older workers may be reluctant to rely on the 

newer technologies that members of the younger generations prefer, and younger workers may 

object to using the older technologies. This outcome highlights importance for organizations to 
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create a strategy for addressing intergenerational issues when creating knowledge transfer and 

training programs. It also sets the stage for future research on which technologies would best 

facilitate tacit knowledge transfer in a multigenerational workplace. 

Second, this study suggests the benefits of further developing KM resources for the 

younger generations. While all generations engage in knowledge capture and transfer behaviors, 

the data indicate the younger generations, particularly Millennials, tend to use more KM 

resources and do so more frequently compared to their older colleagues. Finding generational 

differences and similarities in KM behaviors adds new knowledge to the existing literature and 

suggests areas for further exploration. Organizations that do not have a KM strategy might use 

the results of this study as the basis for developing KM approaches. Organizations that have a 

KM strategy in place could use these results to add an intergenerational dimension to their 

existing knowledge strategy. 

Third, the high ratings Millennials (compared to Boomers) assigned to traditional training 

approaches, such as face-to-face communication and classroom lectures, have implications for 

designing training programs, although this research does not enable the drawing of a conclusion 

about which forms these would take, and this area warrants further research. It is perhaps not 

surprising that Millennials, who grew up with social media and social networking, have a strong 

appreciation for knowledge capture and transfer approaches and tools. However, the high regard 

this research showed that they have for traditional methods as well raises the question of “why?” 

One explanation is that, when the need for knowledge is strong, the method is not important as 

long as the trainees are gaining the knowledge they need. That question should be further studied 

in a generational context. It is important to understand the factors — whether environmental, 

subject matter, educational level — that may predispose Millennials to prefer traditional training 

methods so that training programs can be appropriately designed for different situations and 

groups. 

Recommendations. The following recommendations stem from the research findings, 

which result from the research focus of KM as a process. The research findings derive from the 

results of the research instrument, a survey that was based on my conceptual model. The 

conceptual model shows the relationship between the independent variables under study (age 
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groups, communications behavior within groups, learning preferences, and knowledge 

principles) and the dependent variable (gaining knowledge) as well as their interaction with the 

moderator (government policies) and the mediator (KM within the FAA). Since the research 

focuses on KM as a process, KM processes underlie each of the recommendations. Effective KM 

processes are critical to organizational functioning. To meet the challenges of the 21st century, 

the FAA must improve its KM processes, so it will be able to enhance its knowledge transfer and 

other KM practices. 

This study provides for the following general recommendations to organizations that are 

determining how to maximize effectiveness in a multigenerational workforce: (1) implement 

more of the newer technologies (such social media and mobile smart devices) in the workplace 

and more knowledge-based tools for the younger generations (including in training programs) 

and (2) keep some traditional methods (such as face-to-face communication and classroom 

training) unless further research indicates otherwise. It is unknown at this time whether the 

second recommendation reflects results that are specific to an environment such as ATC and 

whether different types of workplace environments would produce different results. It is 

possible, but not known, whether the closer an organization’s environment is to that of ATC (for 

example, being highly technical, having a strong need for tacit knowledge transfer, having well-

defined generational cohorts, requiring a lengthy and intense training period) the more applicable 

to these results may be. 

Altogether, these recommendations should help organizations improve their 

organizational and individual efficiency and effectiveness by enhancing the ability of the 

workforce to capture and transfer expert knowledge, thereby preserving institutional knowledge. 
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Samenvatting 

Een aantal academici , zoals Lancaster & Stillman ( 2002 ) en Tulgan ( 2000 ) evenals de 

populaire pers hebben geschreven , dat de huidige drie generaties op de werkvloer hun eigen 

opvattingen hebben ten aanzien van opleiding , werk en leven . De nieuwe generatie die 

organisaties momenteel binnenstroomt , de Millennials , is zeer bedreven in het gebruik van 

nieuwe informatie - technologieën . Zij geven er de voorkeur aan om deze ook te gebruiken op 

het werk . Geboren tussen 1981 en 1999 heten deze jonge mensen ook wel de " digital natives " , 

want ze zijn opgegroeid sinds Tim Berners - Lee van de Europese Organisatie voor Nucleair 

Onderzoek ( CERN ) de eerste webbrowser introduceerde in 1991 . 

Terwijl onderzoekers kennisoverdracht tussen leden van verschillende culturen , met 

verschillende demografische achtergronden en werkend binnen een verscheidenheid aan 

organisaties interesse tonen , heeft kennismanagement ( KM ) , zowel in theorie als in empirisch 

onderzoek onvoldoende aan de orde gesteld hoe kennis in operationele werkomgevingen en 

opleidingen het beste wordt overgedragen van de ene naar de andere leeftijdscategorie . Dit is 

zeker ook het geval in een technische organisatie zoals de luchtverkeersleiding ( ATC ) . 

ATC is een vruchtbaar gebied voor onderzoek , omdat kennis en ervaring een integraal 

onderdeel van prestaties op het werk zijn als gevolg van vereisten t.a.v. technische en 

veiligheidskwesties en vanwege de noodzaak om snel beslissingen te nemen in ingewikkelde 

luchtverkeers - omstandigheden . Luchtverkeersleiders moeten vaak improviseren wanneer zij 

geconfronteerd worden met onverwachte situaties , waarbij de organisatie moet kunnen 

vertrouwen op hun impliciete kennis . Dergelijke nieuwe ervaringen creëren nieuwe impliciete 

kennis die moet worden vastgelegd en overgedragen aan anderen . Mijn onderzoek verkent de 

voorkeuren voor het vastleggen en overdragen van impliciete kennis voor de generatie 

Millennials die momenteel een opleiding volgt tot gecertificeerd luchtverkeersleider . 

Kennis vastleggen en de juiste ervaringen overdragen zijn bijzonder actueel voor 

luchtverkeersleiders in de Verenigde Staten ( US ) Federal Aviation Administration ( FAA ) . In 

2014 zullen de laatste senior gecertificeerde luchtverkeersleiders , die zijn gerekruteerd nadat 

president Reagan de collectief stakende verkeersleiders in 1981 en masse had ontslagen , met 
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pensioen gaan . De FAA verwacht dat meer dan 12.000 verkeersleiders tot aan 2021 uit de 

organisatie vertrekken . Dit betekent een grootschalige verdwijning van kennis . Als gevolg 

hiervan is het voor de FAA nodig om de meest efficiënte en effectieve manieren te bepalen om 

bedrijfsrelevante kennis over te dragen aan de Millennials die de oudere , vertrekkende generatie 

gaan vervangen . 

Mijn onderzoek bouwt voort op de bestaande theorie en praktijk in de KM , vooral wat 

kennisoverdracht betreft , maar voegt de dimensie van de intergenerationele kennisoverdracht in 

operationele omgevingen en trainingen toe . Om de gegevens over luchtverkeersleiders , 

stagiaires en studenten te verzamelen liet de ATC een onderzoek uitvoeren door middel van een 

vragenlijst bestaande uit vier delen: ( 1 ) communicatie , ( 2 ) taken , ( 3 ) opleidingen , en ( 4 ) 

demografische gegevens . 

De ATC draagt bedrijfsrelevante kennis voor nieuwe luchtverkeersleiders over door een 

combinatie van ( 1 ) formele klassikale instructie , ( 2 ) on - the - job training ( OJT ) , en ( 3 ) 

computersimulatie . Voor het onderzoek is in vragenlijsten gevraagd naar de meningen van de 

respondenten over deze drie leermethoden , maar ook naar het effect van trainingen waarbij ook 

gebruik wordt gemaakt van moderne sociale technologieën en mobiele ‘smart devices’ . 

De algemene onderzoeksvraag luidde : hoe beïnvloeden leeftijdsverschillen de 

voorkeuren in het gebruik van moderne informatie technologie en onderlinge samenwerking 

voor het vastleggen en overdragen van kennis ? De voor dit project gewenste methodologie 

bestond uit een kwantitatief survey - onderzoek , op basis van een aangepaste hypothetisch - 

deductieve methode . De data - analyse bevestigt vier hypothesen ; de andere drie hypotheses 

konden noch bevestigd noch gefalsificeerd worden : 

 H1 . Oudere luchtverkeersleiders geven minder voorkeur aan vormen van communicatie 

en gebruiken deze ook minder vaak dan jongere verkeersleiders . De vragen in verband met deze 

hypothese behandelden acht gebieden van sociale communicatie : sociale media ( actief ) , 

sociale media ( passief ) , vaste telefoon , mobiele telefoon , e - mail , sms , sociaal netwerk , en 

‘face - to - face’ communicatie . 
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De gegevens bevestigen deze hypothese . Baby - Boomer respondenten geven de 

voorkeur aan vaste telefoons en e - mail , terwijl Millennials de voorkeur geven aan de zes 

andere modi . Het enige gebied dat onverwachte resultaten liet zien was de ‘face - to - face’ 

communicatie , die typisch is voor jongere werknemers ( zowel ‘Generation X’ers als 

Millennials ) . Klaarblijkelijk werken leden van deze jongere generaties in een omgeving waar ze 

een hoge mate van stilzwijgende kennisoverdracht van hun meer ervaren collega's nodig hebben . 

H2 . Oudere luchtverkeersleiders zoeken zelf langer en delen minder informatie dan 

jongere verkeersleiders . De resultaten aangaande deze hypothese zijn niet éénduidig . 

H3 . Oudere luchtverkeersleiders vinden klassikale instructie , instructie - materialen en 

computersimulatie minder effectief dan jongere verkeersleiders . Twee soorten vragen werden 

gebruikt voor deze hypothese . Eerst werd de deelnemers gevraagd naar de effectiviteit van vijf 

bestaande trainingsmethoden : ( 1 ) hoorcollege , ( 2 ) persoonlijke begeleiding , ( 3 ) simulatie , ( 

4 ) studiegids , en ( 5 ) ‘Web - based’ training . Ten tweede werd de deelnemers gevraagd naar de 

effectiviteit van potentiële nieuwe trainingsmethoden : ( 1 ) mentorprogramma en ( 2 ) ‘peer’ - 

assistentie . 

De gegevens bevestigen deze hypothese . In antwoord op de eerste vraag bleken Baby 

Boomers klaslokaallezingen , mentoring , simulatie , studiegidsen , en ‘Web - based’ training 

minder effectief te vinden dan Millennials . In antwoord op de tweede vraag , bleken Baby - 

Boomers de effectiviteit van mentoring en ‘peer’ assistentie ongeveer evenzeer te waarderen als 

de jongere verkeersleiders . 

H4 . Oudere luchtverkeersleiders vinden laboratorium simulatie en online databases 

minder effectief dan jongere verkeersleiders . De vragen die in verband met deze hypothese aan 

deelnemers werden gesteld betroffen de effectiviteit van vier nieuwere trainingsmethoden ( 1 ) 

elektronische documenten beoordelen , ( 2 ) veel gestelde vragen ( FAQ ) , ( 3 ) laboratorium , en 

( 4) ‘message boards’ . 

De gegevens bevestigen deze hypothese . De gegevens tonen aan dat oudere 

verkeersleiders KM databases minder vaak raadplegen dan jongere verkeersleiders . 
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H5 . Oudere luchtverkeersleiders hechten minder aan missie - kritische kennis overdracht 

binnen de FAA , dan jongere verkeersleiders . De vragen in verband met deze hypothese richtten 

zich op zes verschillende gebieden : ( 1 ) het lokaliseren van deskundigen , ( 2 ) het vinden van 

informatie , ( 3 ) het identificeren van geleerde lessen , ( 4 ) het identificeren van initiatieven , ( 5 

) het verzamelen van werk gerelateerde informatie , en ( 6 ) het bouwen aan en onderhouden van 

een kennisbestand . 

De gegevens bevestigen deze hypothese . Baby - Boomers richtten zich minder vaak tot 

deskundigen , identificeerden minder vaak geleerde lessen , herkenden minder vaak nieuwe 

initiatieven , en werkten minder intensief aan het bouwen van een kennisbestand dan Millennials 

. Alle drie de generaties vonden specifieke informatie en werk gerelateerde informatie over het 

algemeen even vaak . De resultaten tonen aan , dat oudere verkeersleiders KM principes minder 

vaak volgen dan Millennium verkeersleiders , te weten in vier gebieden ( 1 , 3 , 4 , en 6 ) en 

ongeveer in dezelfde mate in twee andere gebieden ( 2 en 5 ) . 

H6 . Oudere luchtverkeersleiders rubriceren en slaan informatie over taken minder vaak 

op dan jongere verkeersleiders . De resultaten zijn niet éénduidig . 

H7 . Oudere verkeersleiders delen informatie over taken minder goed dan jongere 

verkeersleiders . De resultaten zijn niet éénduidig . 

De resultaten overziend blijkt dat , in vergelijking met Baby - Boomers , Millennials 

meer open staan voor nieuwe informatie technologieën en vooral voor sociale technologieën en 

mobiele handige apparaten in het werk , en deze ook binnen de context van opleidingen 

gebruiken . 

Mijn onderzoek heeft getracht de verschillen in het leren van kennis , communicatie en 

gewoonten te identificeren . In lijn met bevindingen van Smola & Sutton ( 2002 ) blijkt dat er 

een voorkeur van leden van de jongere generaties is om in technisch werk en in de context van 

opleidingen moderne technologieën te gebruiken en dat organisaties die ze gebruiken , kunnen 

profiteren van de integratie van verschillende vormen van kennisoverdracht die een beroep doen 

op jongere werknemers . Zo is ook gebleken dat de FAA gebaat is bij het verbeteren van haar 
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traditionele ATC training door gebruik te maken van sociale media en mobiele apparaten bij de 

opleiding van jongere medewerkers . 

Deze dissertatie bevat een aantal aanbevelingen voor ATC training: 

§ Maak via mobiele apparatuur gebruik van interactieve games in de ATC training 

§ Richt een Community of Practice in naar het model van de bestaande 

samenwerkingsverband voor supervisors van de luchtverkeersleiders 

§ Op basis van de nauwe relatie tussen training en KM is het nodig om een 

samenhangende kennisbasis voor millenials aan te bieden die hen toegang geeft tot 

cruciale bedrijfskennis. 

Samenvatting van de resultaten 

De volgende aspecten vatten de conclusies van het onderzoek samen : 

§ De jongere generatie werkt liever met nieuwere informatie - technologieën op de 

werkplek en binnen de opleiding , met inbegrip van sociale media en mobiele , 

handige apparaten . 

§ Voor kennis gerelateerd gedrag , toonden Millennials meer interesse ( bijvoorbeeld , 

het opsporen van deskundigen en het identificeren van de geleerde lessen ) dan Baby 

- Boomers , hoewel er soms geen generatieverschillen vielen te constateren ( bv . 

zoeken naar en delen van informatie ) . 

§ Millennials gebruiken meer kennismiddelen , zoals kennis bronnen en kennisbanken , 

en doen dat vaker dan hun oudere collega's . 

§ Millennials waarderen sommige traditionele trainingsmethoden , zoals ‘face - to - 

face’ tijd met mentoren of OJT instructeurs en klassikaal onderwijs , hoger dan Baby 

- Boomers . 

Geleerde lessen . De volgende aspecten vielen in het oog : 

Ten eerste : Door het blootleggen van een bepaalde voorkeur voor vormen van 

communicatie , vooral bij het gebruik van nieuwe informatie technologieën , benadrukt dit 
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onderzoek dat er verschillen zijn in uitdagingen op de werkvloer waar jongere mensen tegen aan 

lopen . Bijvoorbeeld oudere werknemers aarzelen meer om moderne informatie technologieën te 

gebruiken dan leden van de jongere generaties , en jongere medewerkers weigeren soms om 

oudere trainingstechnieken te gebruiken . Dit wijst erop dat organisaties een strategie moeten 

ontwikkelen om intergenerationele thema’s op het gebied van kennis overdracht en 

trainingsprogramma’s aan te pakken . Daartoe is echter meer onderzoek noodzakelijk naar de 

overdracht van impliciete kennis tussen verschillende generaties . 

Mijn studie suggereert ten tweede dat organisaties kunnen profiteren van de KM 

middelen door deze verder te ontwikkelen , met name voor de jongere generaties omdat zij de 

neiging hebben om intensiever van deze middelen gebruik te maken dan oudere werknemers . 

Constateringen aangaande generatie - overeenkomsten en verschillen bij het vergaren van kennis 

voegt nieuwe kennis toe aan de bestaande KM literatuur en doet suggesties voor verder 

onderzoek . Organisaties met een KM strategie kunnen mijn onderzoeks - resultaten over 

intergenerationele verschillen incorporeren in hun beleid . 

Ten derde kunnen de hoge scores die Millennials - in vergelijk met Baby - Bomers - 

gaven aan veel van de traditionele trainingsmethodes zoals face - to - face communicatie en 

gezamenlijke colleges gevolgen hebben voor het ontwerpen van opleidingsprogramma's . Maar 

mijn onderzoeksresultaten geven geen éénduidig beeld welke vormen moeten worden gekozen 

en dus is er is meer onderzoek vereist . Het is misschien niet verrassend dat millenials die 

opgroeien met het gebruik van sociale media en sociale netwerken een sterke voorkeur hebben 

voor deze vormen van kennisvergaring en technieken om kennis te delen . Maar het blijft 

anderzijds verrassend dat zij ook een voorkeur hebben voor sommige traditionele vormen van 

kennisoverdracht en dat brengt mij bij de vraag : waarom ? Eén verklaring is dat wanneer er een 

sterke behoefte is aan specifieke kennis , de methode waarlangs die kennis vergaard wordt , niet 

zo belangrijk is zolang de deelnemers weten dat zij de kennis krijgen waarop zij gespitst zijn . 

Daarbij is het wel belangrijk de factoren te kennen – hetzij van de omgevingsaard , het 

onderwerp , het onderwijs niveau – dat medebepalend kan zijn voor millenials om traditionele 

trainingsmethoden te waarderen . Trainingsprogramma’s moeten derhalve op de juiste wijze 

worden ingericht voor verschillende situaties en verschillende groepen .  
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Aanbevelingen 

Dit proefschrift biedt de basis voor het doen van een aantal aanbevelingen voor 

organisaties die optimale effectiviteit van hun multi - generationele personeel willen 

bewerkstelligen : 

§ Implementeer meer van de nieuw informatie - technologieën zoals sociale media en 

mobiele apparaten op de werkplek en meer kennis - gerelateerde instrumenten voor 

de jongere generatie . 

§  Handhaaf sommige traditionele didactische onderwijs - methoden zoals face - to - 

face communicatie en gezamenlijk colleges tenzij nieuw onderzoek anders doet 

blijken . Bedrijven die net als de ATC erg technologisch van aard zijn hebben 

waarschijnlijk toch meer baat bij een door mij voorgestane aanpak van traditionele 

onderwijs vormen . 

Dergelijke aanbevelingen kunnen organisaties helpen om hun organisatorische 

effectiviteit en efficiency te verbeteren door de vaardigheden van het personeel te versterken om 

expert - kennis te vergaren en over te dragen terwijl tezelfdertijd de institutionele kennis niet in 

het geding komt . 
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Chapter 1: Introduction 

1.1 Background 

Managing organizational knowledge has become increasingly critical as the economies of 

developed countries have become more knowledge-centric. Thus, knowledge transfer and 

capture have been an important focal point for academic study in both the private and public 

spheres. During the past three decades, researchers have focused their attention on the 

mechanisms by which knowledge is created, stored, transferred, and retained in large, complex 

organizations (Dalkir, 2005; Davenport & Prusak, 1998). They have defined and categorized 

knowledge into various types and subtypes to provide a framework for understanding how 

knowledge is created and managed as well as to enable organizations to fully benefit from the 

knowledge they create (Wiig, 1993; de Jong & Ferguson-Hessler, 1996; Jorna, 2007; Nonaka, 

2012). As a result, many organizations have incorporated knowledge management principles into 

their operations and organizational structure.  

In the private sector, managing knowledge effectively is key to maintaining a competitive 

edge by maximizing worker efficiency and creativity in the workplace (Basadur & Gelade, 

2006). In the public sector (the focus of this research), managing knowledge is equally important 

to agencies’ ability to fulfill their public service missions (Liebowitz, 2004). Access to 

institutional knowledge enables workers to learn from and build on the vast reserves of technical 

knowledge that exist in knowledge-centric agencies, including those with regulatory, technical, 

or scientific missions. Thus, knowledge transfer and capture have been an important focal point 

for academic study in both the private and public spheres (ibid.). 

Because public sector employees often work long careers in related public sector jobs, 

many experienced workers are particularly rich or even unique sources of irreplaceable 

institutional knowledge. Over time, these employees develop important insights into the 

idiosyncrasies of the organization’s functioning, creating knowledge customized to its structure, 

culture, and operations, which can be lost when large numbers of employees retire (Lesser, 

2006). For example, when the United States (U.S.) National Aeronautic and Space 

Administration decided to re-institute a program to send astronauts to the moon, the agency 
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determined that because so many of its senior engineers had retired, it would have to rebuild the 

program from scratch due to the loss of institutional knowledge (DeLong, 2004). Like NASA, 

the U.S. Federal Aviation Administration (FAA) is a knowledge-centric organization where the 

potential loss of institutional knowledge would have extremely grave repercussions, particularly 

salient in the air traffic control (ATC) environment, the focal area for this research. In such an 

environment, it is essential to prevent knowledge loss by capturing it before it leaves either 

through job transfers or retirements (R. Wallace, Director, personal interview 10 October 2012).  

At the beginning of the 21st century, knowledge retention is a particularly critical issue 

due to the demographic and cultural shifts underway in developed economies. Studying this 

topic, Hannam & Yordi (2011) state that the American workplace, including the federal 

government, is undergoing a significant transition relevant to the preservation of institutional 

knowledge, presenting both challenges (disruptions) as well as opportunities. They identify the 

major workplace factors characterizing this transition. The first factor is a multi-generational 

workforce, which spans four generations (three of which are relevant to this research). 

Millennials are the largest group to enter the workforce in U.S. history. A second factor is an 

increasingly dissatisfied workforce: in the aftermath of the 2008 financial crisis, over half of 

American workers are unsatisfied with their job. While the youngest workers are the least 

satisfied, even older workers have the lowest satisfaction rates in two decades (ibid.). A third 

factor is rapid technological change and innovation, i.e., technology creates possibilities that 

simply were not possible in the past, such as the ability for people to readily connect with 

“anyone, anywhere, anytime (ibid.).” Younger workers are more adept at using these 

technologies while older workers are often reluctant to embrace them, creating a generational 

divide (Zemke, et al. 2000). 

Thus, while a massive retirement wave by the large Baby Boomer generation can be 

disruptive in terms of knowledge loss, organizations can also take advantage of opportunities to 

minimize the impact of losing high-value employees. Organizations could, for example, 

implement knowledge transfer strategies that address the preferences of the incoming young 

Millennials by integrating the technologies they grew up using in their daily lives, such as social 

media and mobile smart devices, into their learning and mentoring experiences (S. Cooper, 

Deputing Chief Information Officer, personal interview 27 December 2012). 
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Traditionally, the study of knowledge management (KM) has focused primarily on the 

creation and transfer of knowledge within organizations. While scholars are now studying 

knowledge transfer in different cultures and demographics, KM theory and research have not 

adequately addressed age-related characteristics and preferences that indicate how knowledge is 

best transferred from one age group to another in a technical work environment such as ATC (R. 

M. Clyburn, ATO Safety Promotion Manager, personal interview, 22 January 2013). 

Organizations, as well, may benefit from understanding the ways younger workers prefer to use 

these technologies to determine how they may aid in knowledge creation, transfer, and learning.  

Addressing the workplace changes cited above (Hannam & Yordi, 2011), this research 

explores knowledge transfer in a multigenerational, technical environment to provide new 

knowledge and insights into this topic. It studied the knowledge transfer preferences of three 

generations working in both the ATC training and operational environments, with the goal of 

adding to existing thinking and practices in intergenerational knowledge transfer, 

communications, and learning. An enhanced understanding of the generational attributes and 

preferences that affect knowledge transfer and learning creates new knowledge with both 

theoretical and practical applications. A more complete understanding of the dynamics of 

intergenerational knowledge transfer can help organizations develop solutions to the problem of 

knowledge loss for knowledge-centric organizations such as the FAA, while contributing to an 

understudied area of KM. 

Problem statement. The FAA is experiencing massive retirements of its experienced air 

traffic controllers and managers, which has the potential of creating a brain drain causing the loss 

of critical institutional knowledge. As the agency hires large numbers of younger people to 

replace the retirees, these new workers will need to quickly acquire the knowledge and skills 

needed to perform a highly technical job. This research hypothesizes that incorporating preferred 

technologies, such as social media and mobile smart devices, that younger workers have been 

accustomed to throughout their adolescence and young adulthood will facilitate learning in the 

workplace (Hannam & Yordi, 2011). 

This research was undertaken to further understanding of the impact of generational 

differences on learning and knowledge transfer with the goal of adding fundamental knowledge 
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to an understudied area in KM and to create actionable knowledge for organizations such as the 

FAA that need to develop strategies for intergenerational knowledge transfer. See Section 4.2 for 

further discussion of this research as a window of opportunity. 

This study has the potential to add to new knowledge to KM and related fields. Further, 

organizations may also benefit from this research. By better understanding the ways younger 

workers prefer to use these technologies, organizations should be able to determine how to best 

design knowledge transfer and learning programs. 

To address the issues stated above, this research has the following broad parameters. 

Research objective. The study explores the effect of intergenerational differences on 

learning and communication preferences within the study of knowledge transfer. It is designed to 

further understanding of preferences in communications, learning, and KM behaviors.  

KM model. The research builds on the base of existing knowledge about KM, 

communication, and learning. It uses three models as the theoretical basis to study knowledge 

transfer and individual learning within a public-sector organization.  

Research hypothesis. The research hypothesis is that members of the younger 

generations prefer to use the technologies they use in their private lives, such as social media and 

mobile smart devices, to collaborate and to capture, retrieve, and share knowledge in the 

workplace. 

Research environment. The research was limited to the following environments related 

to ATC: Airport traffic control towers (ATCT), combination ATCT and terminal radar control 

(TRACON) facilities, FAA Academy, and Air Traffic-Collegiate Training Initiative (AT-CTI) 

schools. 

The ATC environment is particularly appropriate for the research because it relies heavily 

on knowledge transfer. All the factors discussed above are highly relevant to it: a large number 

of impending retirements, an influx of young new hires, and highly intensive training. ATC is a 
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knowledge-centric environment, and the function takes years of experience and training to 

master. 

1.2 Retirement-Related Knowledge Loss in the Federal 
Government  

As noted above, preventing knowledge loss in knowledge-centric organizations becomes 

particularly critical when they are facing the loss of high-value employees due to either job 

transfers or retirements.  

The U.S. federal government now faces this situation. According to a report by the U.S. 

Office of Personnel Management (OPM), 60.8 percent of full-time permanent federal employees 

on board as of 1 October 2006 will be eligible to retire by 2016 (OPM, 2008, p. 4). By the end of 

that year, more than half of the over 7,000 senior executives in place in the federal sector at the 

beginning of 2011 will have left government (OPM, 2011, p. 3).  

In the FAA, the last of the many controllers hired after the strike of 1981 (when President 

Reagan fired all the controllers and the FAA hired replacements) are expected to retire in 2014. 

These controllers are mostly from the Boomer cohort (FAA 2012a). 

A shrinking number of experienced workers puts the federal government at risk of losing 

strategic, tactical, and operational knowledge. The government could use various strategies to 

mitigate this risk. These include hiring and training younger workers and implementing 

incentives for older workers to stay on the job for short-term or part-time employment (OPM, 

2008). However, even if these strategies were effective, they would not address potential barriers 

to knowledge transfer from the older workers to their younger replacements. 

1.3 Generations and Generational Differences in the Workplace 

As each age group matures, it develops characteristics that differentiate it from those that 

precede and follow it. These characteristics are reflected in personality traits, work values, 

attitudes, and motivations to work in ways that managers consider important (Macky, et al. 2008, 

p. 859).  
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Reeves & Oh (2007, p. 297) identify three attributes that define the nature of an age 

group: perceived membership – the self-perception of membership within [an age group] that 

begins during adolescence and coalesces during young adulthood, common beliefs and behaviors 

– attitudes (toward family, career, personal life, politics, religion) and behaviors (choices made 

in regard to jobs, marriage, children, health, crime, sex, drugs), and common location in history – 

turning points in historical trends (e.g., from liberal to conservative politics) and significant 

events (e.g., the Vietnam War) that occur during [an age group’s] formative years (adolescence 

and young adulthood). 

Researchers have found that members of the younger generations acquire knowledge and 

skills differently from their older counterparts and have different outlooks on authority, job 

stability, and learning new skills (Lancaster & Stillman, pp. 207-209; 231-232). For example, 

older workers tend to be more judgmental of their superiors. Their accumulated knowledge and 

experience makes them more likely to speak up against what they view as bad decision-making, 

which they do more out of loyalty to the institution than to a particular supervisor (Sennett, 1998, 

p. 94), whereas younger workers expect structure in the workplace and respect positions and 

titles (Lancaster & Stillman, 2002, pp. 27-32). 

The authors identify the three generations relevant to this research by the time period of 

their birth, as shown in Table 1-1. 

Table 1-1 Age groups2 

Group Born Between Ages 

Boomers 1946-1964 49 years and older 

Gen Xers 1965-1980 33-48 years 

Millennials 1981-1999 32 years and younger 

Reeves & Oh (2007, p. 301) find Boomers in general to be optimistic, to believe in 

possibilities, and to strive, often idealistically, to make positive differences in the world. 

Boomers are also competitive and seek ways to challenge the status quo to get ahead. They 

describe Boomers as workaholics who look for personal gratification from their work. Finally, 

                                   
2 Lancaster & Stillman (2002, pp. 20, 24, 27) 
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Boomers believe in self-promotion and growth.  

Gen Xers are typically independent, adaptable, and resilient. Because of the potential 

need to move to a job at a new geographic location every few years, they use electronic 

communications to reinforce their sense of community and stay in touch with friends (ibid. p. 

20). Gen Xers tend to work well in multicultural settings, desire fun in the workplace, and are 

pragmatic. In addition, many of them entered the workplace in the late 1980s when the economy 

was in a downturn. Because of these factors, they have redefined loyalty: instead of remaining 

loyal to a company, they are committed to their work, team, and supervisor (Lancaster & 

Stillman, 2002, pp. 24-7). 

Even more than older employees, Gen Xers tend to dislike authority and rigid work 

requirements. Many older employees may complain about dissatisfaction with management but 

figure it is part of the job. In contrast, Gen Xers tend to not spend time complaining – instead, 

they move to another position (ibid. pp. 24-7). There is ample evidence that this cohort is hard 

working and productive. From 1985, the percentage of college students working full time 

generally grew until the Great Recession caused many Gen Xers to lose their jobs, (Rampell, 

2011). 

Millennials ― the largest base for recruiting new controllers — are the first generation 

born into a wired world, which affects the characteristics they exhibit in the workforce (Smola & 

Sutton, 2002, p. 381). Millennials are also called Digital Natives (Prensky, 2001, p. 1) or the Net 

(N-) Generation (Tapscott, 1998, p. 1). They tend to be self-confident, technologically astute, 

and able to work well in groups. These attitudes can clash with the tendency of Gen Xers to seek 

independence and a hands-off style (ibid. pp. 27-32). 

Culturally, Millennials have been a cultural focal point throughout their lives, as books, 

magazines, and television and radio programs devoted to youth became a major media market in 

the 1990s (Howe & Strauss, 2000, p. 13). As Millennials have been catered to from an early age, 

the authors (ibid. pp. 7-10) state they are cooperative team players involved in community 

service, are willing to accept authority and feel close to their parents, follow the rules, are the 

most watched-over generation in memory by their parents, family, and others, and are smarter 
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than people often believe with aptitude test scores rising for every racial and ethnic group. They 

also believe in themselves and in the future. 

They also state that Millennials were pampered from an early age, and as such they are 

(ibid. pp. 43-44): special because they were vital to their parents’ sense of purpose, sheltered due 

to child safety devices, confident because their connection to their parents and the future, team 

oriented due to an educational system that emphasized group learning, achieving, resulting from 

higher school standards and a drive to get to the top, pressured because parents told them to 

study hard, avoid personal risks, and take advantage of opportunities, and conventional because 

they believe social rules are beneficial. 

With important implications for the workplace, Schooley, et al. (2005, p. 1) find that 

most Millennials have an “innate” ability to use information-communications technology, are 

comfortable multitasking while using a diverse range of digital media, and demand interactivity 

as they construct knowledge. Millennials often lack the workaholic drive of their predecessors, 

but they compensate by using many technologies – often simultaneously – to get the job done 

quickly and have a personal life as well. 

Schooley, et al. (2009, p. 11) state that Millennials believe work-life balance is very 

important, as a result of growing up seeing their Boomer parents work long hours and miss 

school events. Further, Millennials tend to not have the same loyalty toward their employers as 

their parents and grandparents did. 

Many younger employees have expertise in media, tools, and technology that many older 

employees do not, and the differences in the preferred modes the age groups use to communicate 

pose a challenge to knowledge capture and transfer (Lancaster & Stillman, 2002, pp. 20-24). 

While older employees have equal access to these tools, it is the younger employees who often 

understand and make use of them to their full potential and see them as more effective than 

traditional forms of communicating (ibid. pp. 24-27). This difference may affect knowledge 

sharing in the workplace, as older employees often favor face-to-face communication while 

younger employees usually prefer social technologies and texting (ibid. pp. 27-32). 

Oblinger & Oblinger (2005) describe three generations in the workplace in Table 1-2. 
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Table 1-2 Attributes of the generations3 

Description 

Boomers Gen Xers Millennials 

Me generation Latchkey generation Net generation 

Attributes Optimistic 
Workaholic 

Independent 
Skeptical 

Hopeful 
Determined 

Likes Responsibility 
Work ethic 
Can-do attitude 

Freedom 
Multitasking 
Work-life balance 

Public activism 
Latest technology 
Parents 

Dislikes Laziness 
Turning 50 

Red tape 
Hype 

Anything slow 
Negativity 

Reynolds, et al. (2009, p. 20) give similar attributes to these three generations. 

1.4 KM Challenges in the FAA 

This research was conducted in the FAA, a U.S. federal government agency that performs 

both regulatory and operational functions. FAA regulates nearly all aspects of civil aviation from 

aircraft to airways to airports, covering a broad spectrum of aviation workers. Further, it operates 

and maintains the nation's ATC system of people and equipment in the U.S. and its territories 

(U.S. Congress, Office of Technology Assessment, 1994, p. 36).  

FAA faces knowledge capture and transfer challenges inherent to large, complex 

organizations. As Czarniawska-Joerges (1989, p. 6) stated, “An organization becomes complex 

when no one can sensibly and comprehensively account for the whole of it.” Marion & Uhl-Bien 

(2001, p. 390) saw “organizations as complex adaptive systems composed of a diversity of 

agents who interact with one another, mutually affect one another, and in so doing generate 

novel behavior for the system as a whole.” 

Due to its size, diversity of functions and staff, and interconnectedness of its components, 

the FAA fits both these descriptions. As stated in its 2011 strategic plan (FAA, 2011a, p.1): 

“What sets us apart is the size and complexity of our infrastructure, the 

diversity of our user groups, our commitment to safety and excellence, and our 
                                   
3 Oblinger & Oblinger (2005, p. 2.9) 
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history of innovation and leadership in the world's aviation community. Now we 

are working to develop new systems and to enhance a culture that increases the 

safety, reliability, efficiency, capacity, and environmental performance of our 

aviation system. To meet our vision will require enhanced skills, clear 

communication, strong leadership, effective management, innovative technology, 

new equipment, advanced system oversight, and global integration.” 

These characteristics ― size, complexity, diversity, and well-established organizational 

culture ― complicate knowledge transfer in the FAA in general and the ATC workforce in 

particular. In addition to being the largest professional occupational group in the FAA, air traffic 

controllers’ unique work environment makes this group an appropriate study focus for the 

following reasons: (1) the need for knowledge transfer is acute due to the large influx of new 

hires who are replacing thousands of controllers who are retiring, (2) the operational 

environment is highly exacting, exacerbating any potential barriers to communication, (3) 

training new air traffic controllers is highly intensive and knowledge-based. Knowledge acquired 

over years of training, mentoring, and experience is required to perform the ATC function, (4) a 

high degree of dependency between mentor and mentee amplifies the potential significance of 

intergenerational differences, and (5) known barriers to knowledge transfer exist, for example, 

on-the-job training (OJT) instructors and mentors often expect trainees to follow their 

instructions without receiving a rationale or explanation or may be reluctant to train and mentor 

them, preferring instead to retrain certified controllers transferred from other facilities (R. M. 

Clyburn, ATO Safety Promotion Manager, personal interview, 22 January 2013). 

1.5 Anticipated Controller Retirement Tsunami 

Between 2012 and 2021, the FAA risks significant institutional knowledge loss as senior 

employees retire, a situation particularly acute for air traffic controllers. The FAA expects 

approximately one third of controllers eligible for retirement to reach mandatory retirement age 

by October 2015 (Figure 1-1). Under Public Law 92-297,4 air traffic controllers are usually 

                                   
4 
http://www.faa.gov/data_research/research/med_humanfacs/humanfactors/media/2010%20task%2013.%20controlle
r%20entry%20retirement%20age.pdf accessed 15 April 2013 
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required to retire by age 56. In 2013, this loss was exacerbated when federal budget cuts required 

the FAA to offer senior employees incentives to leave, and many retired as a result. 

 

Figure 1-1 Controller retirement eligibility5 

ATC history reveals why so many air traffic controllers are eligible to retire. When a 

majority of controllers went on strike in 1981, President Reagan gave them an ultimatum to 

return to work or be fired. (It is illegal for federal employees to strike). Out of about 16,000 FAA 

controllers, 11,345 were fired, and the FAA began hiring and training replacements. Most of the 

newly hired controllers were between the ages of 18 and 30, although the need for controllers 

was so critical that the FAA raised the hiring age limit for a short period from 30 to 35 to enlarge 

the pool of applicants. These controllers, known as the post-strike generation, have had 20 to 30 

years to develop their professional knowledge, but they have begun retiring in large numbers. 

Congressional concern over controller hiring resulted in the FAA issuing in 2004 its first 

“10-Year Strategy for the Air Traffic Controller Workforce,” an annual staffing plan that called 

for hiring replacement controllers over ten years to cover projected losses. 

                                   
5 FAA (2012a, p. 30) 



 
 

 12 

The FAA’s latest ten-year strategy, from 2012, predicts that the agency will need to hire 

10,554 controllers to replace those expected to leave by 2020 (FAA, 2012a, p. 13). However, 

these predictions may be low. For example, in April 2006, almost three times as many controllers 

retired than the FAA had predicted after contract negotiations broke down between the FAA and 

NATCA and the agency imposed a new contract on the workforce. Disputes over pay continue, 

which is likely to exacerbate high levels of retirement, according to a U.S. Department of 

Transportation (DOT) Office of Inspector General (OIG) report (OIG, 2007, p. iii). 

Table 1-3 shows the FAA’s prediction for the number of controllers expected to be lost, 

by category, through 2021. 

Table 1-3 Controller loss6 

 Loss Category Losses: 2012-2021 

Retirements 5,827 

Resignations, removals, and deaths 581 

New controller attrition 1,398 

Promotions and transfers 3,572 

Academy attrition 779 

Total 12,157 

Note: This table depicts the anticipated brain drain, a KM issue discussed in detail in 

Chapters 2 and 3. 

Figure 1-2 shows retirements versus new hires of controllers between 2002 and 2011. 

                                   
6 FAA (2012a, p. 27) 
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Figure 1-2 Retirees versus new hires7 

FAA has undertaken a massive hiring initiative to replace retiring controllers. In 2008, 

the Washington Post reported that the number of certified air traffic controllers was the lowest in 

more than a decade (Wilbur, 2008). Although technology has reduced the number of controllers 

needed to manage the NAS, Congress continues to express concern about the low number of 

controllers and the possibility of fatigue, as fewer controllers must work longer hours to meet the 

demands of the work. If FAA is unable to meet its ATC recruitment goals and transfer 

knowledge quickly to its new controllers, the agency may not be able to provide the current level 

of services to the aviation industry and the public, affecting safety, commerce, and national 

security. 

1.6 Changing Controller Demographics 

Waves of retirements of older controllers and the influx of hires have resulted in a 

controller workforce comprising three generations: Boomers, Gen Xers, and Millennials. Some 

academics, such as Reeves & Oh (2007, p. 302) play down the differences in attributes among 

age groups, stating that researchers have failed “to meet the rigor of definition and measurement 

required for robust individual differences variables.” However, others, such as Lancaster & 

Stillman (2002, pp. 3-6), believe that knowledge transfer from one group to the next is of 

                                   
7 Internal FAA document (26 June 2012) 



 
 

 14 

concern because of the differences in attributes, such as having different likes and dislikes, 

viewing and using technology differently, and approaching the work environment in unique 

ways. See Section 1.3 for further discussion of the generations. 

The new controller generation is generally between 18 and 30 years old (FAA sets the 

maximum entry age at before the 31st birthday). Because relatively few controllers were hired 

between the post-strike hiring years (generally 1981 to 1992) and the hiring initiative begun in 

2005, the controller workforce now has two clearly defined cohorts: the post-strike and next 

generation of controllers (Cannon & Broach, 2011, pp. 1-3). Figure 1-3 shows the distribution of 

birth years of controllers in the workforce. This figure was updated to reflect the three 

generations of air traffic controllers on-board in August 2012. 

 

Figure 1-3 Controller birth years8 

Figure 1-4 shows the importance of various job factors to the two different groups. 

                                   
8 D. Broach (21 November 2013) 
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Figure 1-4 Top ten occupational choice concerns for controller trainees9 

As the agency brings thousands of younger, new air traffic controllers on board to replace 

the retiring Boomers, it is potentially critical that it understands how to transfer knowledge from 

one generation to the next because of differences in the attitudes of each cohort towards life, 

work, technology, and learning (Lancaster, 2004). 

1.7 Organization of the Dissertation 

This dissertation begins with background information about the three generations in the 

workplace, the challenges represented by the upcoming retirement tsunami, and background 

information on the FAA and its air traffic controllers — the study population. It is followed by 

the literature review, including theories of knowledge and KM, communications, and learning, 

and intergenerational age differences. The dissertation integrates the academic literature, 

presenting a conceptual model that identifies the key constructs of the study and that serves as 

the basis of the research hypotheses. It concludes with a discussion of KM challenges in the 

FAA. 

                                   
9 Cannon & Broach (2011, p. 4) 



 
 

 16 

Then the dissertation discusses the research methods, elaborating how the research was 

designed, the data collection process, and the results obtained. It also provides the broader 

implications of the results within context of the hypotheses, along with conclusions and 

recommendations. 

The significance of this research lies in the development of new knowledge that will help 

elucidate the most productive methods for training and transferring knowledge to the Millennials 

who, unlike the older workplace cohorts (especially the Boomers) have been shown to prefer 

technology-based methods compared to alternatives, such as classroom learning or face-to face 

interaction (Hannam & Yordi, 2011). The validity of the contents of the training is outside the 

scope of this research. The research concerns itself only with the training delivery methods. 

This study adds to the body of KM literature by broadening understanding of the factors 

that can affect knowledge transfer in an intergenerational knowledge-sharing environment. As 

KM theory and research have not adequately addressed how knowledge is transferred across 

generations in an operational work environment such as ATC, this research can make a 

significant contribution to the body of academic literature. Building on the existing literature and 

conceptual models in KM, this research provides investigators new insights into 

intergenerational differences and preferences in learning and KM practices.  

This research also adds to the growing body of literature from management scholars 

studying organizational processes, and it offers possible solutions to managers in other industries 

facing similar knowledge transfer concerns by providing insights into the development of 

intergenerational knowledge capture and transfer strategies. This research provides new 

knowledge to society as a whole, which is important because the failure to transfer strategic, 

tactical, and operational knowledge across the generations can limit any organization’s ability to 

meet existing and newly emerging mission-critical requirements. More specifically, this research 

should benefit the FAA executives and managers working to minimize knowledge loss-related 

disruptions as the agency’s air traffic workforce undergoes demographic and cultural shifts.  

The dissertation contains the following six chapters. 

Chapter 1, “Introduction,” provides general background on the generations in the 
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workplace, the projected retirement tsunami, and a statement of the research problem. 

Chapter 2, “Literature Review,” discusses theories and concepts in KM, communications, 

and learning. 

Chapter 3, “KM Practices, Communications, and Learning in the FAA,” discusses the 

implementation of KM, communications, and workplace learning in the agency.  

Chapter 4, “Research Instrument,” presents the research problem, hypotheses, 

methodology, conceptual model, research questionnaire, and links to the literature review. 

Chapter 5, “Results,” contains the data analysis and relates it to the hypotheses. 

Chapter 6, “Conclusions and Recommendations,” links the status of KM and learning in 

the FAA to the literature review and to the results from the data analysis. It describes the 

findings, conclusions, and recommendations to the agency and for further research. 

The final portion of the dissertation contains the appendices. Appendix A contains 

definitions of air traffic control terms. Appendix B discusses the history of and structure of the 

FAA, controllers work environment, and delegation of authority. Appendix C discusses 

controller attributes and provides a comparison of controller selection, training, and certification 

between the FAA and two international civil aviation authorities. Appendix D contains the 

screen shots from the online survey. Appendix E lists links between the hypotheses and the 

survey. Appendix F describes the questions and variables crosswalk. Appendix G includes the 

frequencies and reliability of the data. Appendix H provides descriptive statistics of independent 

variables and finally, Appendix I provides descriptive statistics of dependent variables. 
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Chapter 2: Literature Review 
This chapter scans the existing literature to provide the theoretical basis for this research 

study. It is divided into three sections reflecting the three fields explored in this research. The 

first section surveys the academic literature in knowledge management (KM) theory, the second 

section covers human communications, and the last section addresses learning theory particularly 

in the context of knowledge transfer approaches such as on-the-job training (OJT). 

2.1 Knowledge Management and the Theory of Knowledge 

 Background 2.1.1

Scholars categorize knowledge in a variety of ways in an effort to understand the 

concept and apply it to human interaction. They offer different perspectives on what 

knowledge is and how it is captured and transferred. This work is highly relevant to 

today’s “wired” universe, where the ability to manage knowledge has become 

increasingly challenging. Throughout any given day, workers are inundated with useful 

and not so useful information from desktop computers, portable notebooks, mobile 

devices, and televisions, as well as from friends and colleagues. As Quast (2012) states, 

this overload of data is increasing the importance of KM. Actively managing knowledge 

is important to an organization’s success because it facilitates decision-making 

capabilities, builds learning organizations by making learning routine, and stimulates 

cultural change and innovation. 

According to Shin, et al. (2001, p. 336), most academic researchers agree that 

knowledge is different from information and data. How people translate incoming data 

and information into useful knowledge and manage that knowledge has become an 

important focus of study. For the purposes of this discussion, it is important to distinguish 

knowledge these three elements. Perhaps the most useful definitions are provided by 

Davenport & Prusak (1998, pp. 2; 4-5), who provide a hierarchical approach, starting at 

the lowest level with the data and progressing to the highest level, knowledge. They 

regard data as a set of discrete, objective facts about events, whereas information is data 
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with added meaning. Knowledge is “a fluid mix of framed experience, values, contextual 

information, and expert insight that provides a framework for evaluating and 

incorporating new experiences and information. It originates from and is applied in the 

minds of knowers. In organizations, it often becomes embedded not only in documents or 

repositories but also in organizational routines, processes, practices, and norms.” 

 KM Theory 2.1.2

By incorporating theories from other fields, KM theory has developed into a 

foundation for the field of KM, providing directions and concepts that have led to a 

practicable body of management theory (Baskerville & Dulipoici, 2006, p. 83). The 

theory’s emergence from a broad range of established fields creates legitimacy for KM as 

a field of science. (ibid. pp. 83-84). 

 At least three theoretical concepts underlie KM (definitions and types of 

knowledge are discussed in Section 2.1.3). Two of these evolved from the work in 

information economics: intellectual capital theory and intellectual property theory, which 

is important for valuing “soft” organizational assets in accounting and business law. The 

third theoretical concept — core competence management — comes from organizational 

strategy research (ibid. p. 86). 

Table 2-1 outlines the flow of theory into KM from other research fields. 
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Table 2-1 The flow and use of KM theory with examples10 

Applied purpose in 
KM 

Theoretical 
foundation 

Key theories drawn 
from this 
foundation 

Developed key KM 
theories 

Examples of 
theories as applied 
in KM 

Rationale Information 
economics 

Intellectual capital  
and intellectual 
property 

Knowledge 
economy, 
knowledge 
networks and 
clusters, knowledge 
assets, knowledge 
spillovers, and  
continuity 
management 

Tordoir (1995) 
Inkpen & Tsang 
(2005) 
Teece (2000) 
Foray (2004) 
Beazley, et al. 
(2002) 

 Strategic 
management 

Core competencies 
and dynamic 
capabilities 

Knowledge 
alliances, knowledge 
strategy, knowledge 
marketplace, and 
knowledge 
capability 

Conner & Prahalad 
(1996) 
Inkpen & Dinur 
(1998) 
Kafentzis, et al. 
(2004) 
Baskerville & Pries-
Heje (1999) 

Process definition Organizational 
culture 

Cultural values, 
power, control, and 
trust 
 

Knowledge culture Graham & Pizzo 
(1996) 
De Long & Fahey 
(2000) 

 Organizational 
structure 

Goal-seeking 
organizations 
 

Knowledge 
organizations 

Starbuck (1997) 
Dyer & Nobeoka 
(2000) 

 Organizational 
behavior 

Organizational 
creativity, 
innovation, 
organizational 
learning, and 
organizational 
memory 

Knowledge creation 
knowledge 
codification, and 
knowledge and reuse 

Nonaka & Takeuchi 
(1995) 
Nonaka & Toyama 
(2003) 
Wiig (1995) 
Hansen, et al. (1999) 
Markus (2001) 

 Artificial 
intelligence 

Knowledge-based 
systems and data 
mining 

Knowledge 
infrastructure, 
knowledge 
architecture, and 
knowledge 
discovery 

Davenport & Prusak 
(1998) 
O’Leary (1998) 
Zhuge (2002) 
Fayyad, et al. (1996) 
Shaw, et al. (2001) 

                                   
10 Adopted from Baskerville & Dulipovici (2006, p. 87) 
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Evaluation 
 

Quality management Risk management 
and benchmarking 

Knowledge equity 
and qualitative 
frameworks 

Glazer (1998) 
Jordan & Jones 
(1997) 
King & Zeithaml 
(2003) 

 Organizational 
performance 
measurements 

Financial 
performance 
measures 

Performance indices Ahn & Chang 
(2004) 
Chang, et al. (2005) 

While Table 2-1 looks at KM as rationale, process, and evaluation, this research 

focuses on KM as a process. The literature review in this chapter also includes material 

from authors who published after those cited in Table 2-1, who focused on the process 

aspect of KM. This research supports and adds to the work of many such academics, 

including Allee (1997), Busch, et al. (2008), DeLong (2004), Liebowitz (1999; 2004), 

Senge (1990), Shin, et al. (2001), Snowden (2012), Svieby (2001), Szulanski (2000), 

Twenge (2006), and Tulgan (2000). The conceptual model discussed in Section 2.4 

extends the process definition of Table 2-1 while adding new insights to the work of 

these authors. 

Because there is no globally accepted definition of KM, in 2013 the Association 

for Information and Image Management (AIIM) Standards Board established three 

committees to develop KM standards: the Committee on Standards for Individuals, 

Committee on Standards for Organizations, and Committee on Standards for Education 

and Training Programs. AIIM also established a coordinating committee to oversee the 

work of the three standards committees.11 The two committees relevant to the FAA are 

developing the standards for individuals and organizations. The former will standardize 

how individuals within organizations will have to follow a KM career path as they 

develop their expertise. The latter will standardize the way organizations obtain new 

knowledge, store it, and make it available to their employees. These standards will allow 

KM practitioners to move in and out of different organizations without being penalized as 

they develop their careers. 

                                   
11 See http://www.aiim.org/~/media/Files/Standards/Committee-
Documents/Call_for_Participation_AIIM_KM_Standards.ashx accessed April 15, 2014 
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 Types of Knowledge 2.1.3

The following is a discussion of several types of knowledge, all related to each 

other, with nuances described by the academics who researched and defined them. It 

focuses particularly on the differences between tacit and explicit knowledge and on 

knowledge transfer, the areas of KM most relevant to this study. 

Although the term “knowledge management” is relatively new, ideas about how 

people acquire and use knowledge are not. In fact, in 1958, Polanyi published his seminal 

book Personal Knowledge, in which he described the notion that certain cognitive 

processes are determined by operations inaccessible to consciousness. He further 

elaborated on this theory in The Tacit Dimension (Polanyi, 1966). It was this second book 

that established Polanyi as a serious contributor to both the philosophy of science and 

social science as he led the discussion about the differences between tacit and explicit 

knowledge. In his writings, Polanyi offered a critique of the “ideal of scientific 

detachment,” because, as he argued, it “falsifies our whole outlook far beyond the domain 

of science (1958, p. vii).” The author posited, “Any attempt to rigorously eliminate our 

human perspective from our picture of the world must lead to absurdity (ibid. p. 3).” 

Knowledge, he argued, includes a “passionate contribution of the person knowing what is 

being known, and … this coefficient is not mere imperfection but a vital component of 

his knowledge (ibid. p. viii).” 

Thus, Polanyi believed that all knowledge is personal, and as such, possesses a 

hidden, or tacit dimension. Polanyi presents a duality of explicit (factual) knowledge 

versus tacit (know-how) knowledge, which cannot be made fully explicit. In fact, Polanyi 

coined the term “tacit knowledge.” 

Although criticized by some peers, Polanyi’s works elicited an academic and 

philosophical discussion of tacit knowledge that is still going on today as the concepts of 

knowledge and KM are debated, refined, and even redefined.  

According to Stillwell (2003, p. 19), Nonaka took Polanyi’s concept of tacit 

knowledge and applied it in a more practical direction. Nonaka (1994, p. 19) posited that 
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people could convert tacit knowledge to explicit knowledge by interacting with other 

people. Grant (2007, p. 174) states that by acknowledging that knowledge is created in 

organizations, Nonaka and his colleagues extended Polanyi’s concept of personal 

knowledge to show how organizations integrate and use knowledge, through converting 

tacit knowledge into explicit knowledge. This conversion is critical to organizational 

learning, as discussed later in this in this section. 

Other scholars continued the discussion of tacit and explicit knowledge. 

Sternberg, et al. (1995, p. 916), for example, pointed out that the acquisition of tacit 

knowledge is based on experience rather than on academic achievement. They considered 

tacit knowledge, or common sense, to be an important part of practical intelligence and 

necessary to functioning in daily life. Sternberg (1999, p. 306) also saw tacit knowledge 

as a component of practical intelligence that helps solve everyday problems. 

Horvath, et al. (1994a, p. 5; 1994b, p. 6) argued that tacit knowledge has three 

characteristics. In their view, tacit knowledge has the following attributes: it is 

procedural, it guides action by using context-specific rules, it is relevant to the attainment 

of personal goals, and it is acquired through experiential learning and minimal 

environmental support. 

The distinction between explicit and tacit knowledge is important to 

organizations. Explicit knowledge is the basis for organizational knowledge and 

corporate culture, whereas tacit knowledge is the basis for expert individual knowledge 

that organizations must figure out how to retain, codify, and transfer to other employees. 

Bennet & Bennet (2008, p. 407) define explicit knowledge as the “process” of 

calling up information and processes from memory that can be described accurately in 

words or visuals such that another person can comprehend the knowledge expressed. The 

authors (ibid. p. 407) define tacit knowledge as, “Knowledge that cannot be pulled up in 

words, a knowing of what decision to make or how to do something that cannot be 

clearly voiced in a manner such that another person can extract and re-create that 

knowledge.” 
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Other researchers expanded this discussion, defining knowledge in other ways. 

Wiig (1993, pp. 144-149) defined three forms of knowledge: public knowledge is 

explicit, routinely shared, and generally available in the public domain, shared expertise 

includes assets held by knowledge workers in their work or embedded in technologies, 

and personal knowledge is the most complete but is hidden and is the least accessible 

form of knowledge.  

Wiig places these three forms of knowledge in four categories: factual knowledge 

concerns data and causal chains, measurements, and readings, conceptual knowledge 

includes systems, concepts, and perspectives, expectational knowledge entails judgments, 

hypotheses, and expectations, and methodological knowledge concerns reasoning, 

strategic thinking, and decisionmaking.  

To illustrate his theory, Wiig combines his three forms of knowledge and four 

categories of knowledge into a KM matrix (Table 2-2) that forms the basis for the Wiig 

KM model. Although a powerful theoretical model, its major shortcoming is a lack of 

documented practical experience with it. 

Table 2-2 KM matrix12 

Form of 
knowledge 

Category of Knowledge 

Factual Conceptual Expectational Methodical 

Public Measurement, 
reading 

Stability, balance When supply 
exceeds demand, 
price drops 

Look for 
temperatures 
outside the room 

Shared Forecast analysis “Market is hot” A little water in the 
mix is okay 

Check for past 
failures 

Personal The “right” color, 
texture 

Company has a 
good track record 

Hunch that the 
analysis has it 
wrong 

What is the recent 
record? 

On the other hand, de Jong & Ferguson-Hessler (1996, pp. 106-107) identified 

four types of knowledge: situational knowledge is about situations characteristic of a 

domain, conceptual knowledge concerns facts, concepts, and principles for that domain, 

                                   
12 Wiig (1993, p. 145) 
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procedural knowledge describes actions pertaining to the domain, and strategic 

knowledge enables people to solve problems by indicating the stages needed to reach a 

solution. 

The authors further distinguished between surface or superficial knowledge and 

deep knowledge with the implication that deep-level knowledge (associated with 

comprehension and abstraction, critical judgment and evaluation, and the like) is “good” 

and surface knowledge (associated with reproduction and rote learning, trial and error, 

and a lack of critical judgment) is “poor.” 

Jorna (2001, pp. 3-5; 2007, pp. 35-39) and later Sjarbaini (2009, pp. 62-69) 

propose a semio-cognitive approach to knowledge. They describe three types of 

semiotically inspired knowledge: tacit or sensory, coded, and theoretical. Tacit or sensory 

knowledge (the first semiotic dimension) describes how someone perceives a difference 

between something known and something unknown. When a person encounters 

something he or she has not experienced or perceived before, such as an unknown fruit, 

the semiotic process is triggered, and the person is reminded of another fruit he or she is 

familiar with. 

Coded knowledge (the second dimension) happens when the semiotic dimension 

becomes two-dimensional. Learning the name of the fruit enables the person to refer to it 

without the need to see it. The sign (the name) becomes a code that can be used to refer to 

the object. In this case, a person can now use the word “mango” as a code to refer to the 

object. One can use a code only with people who share the same code or meanings. 

Theoretical knowledge (the third dimension) separates the object, sign, and 

meaning into three parts of one whole. Theoretical knowledge is more abstract than, as 

well as cumulative to, coded knowledge, relying on the analysis of relationships. If an 

expert can describe the origin of the fruit, its physical appearance, substances that create 

taste, and factors distinguishing it from other fruits, that person’s expertise allows another 

person to understand the characteristics that make the fruit what it is. 
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DeLong (2004, pp. 22-23) adds to the discussion by identifying four categories of 

knowledge: human knowledge is what people know or know how to do, social knowledge 

exists only in the relationships between people or within groups, cultural knowledge 

reflects a collective understanding of how things are done in an organization, including 

modes of thinking and expected behaviors that lead to acceptance as a group member, 

and structural knowledge is embedded in an organization's systems, processes, tools, and 

routines. 

At a more general level, Nonaka (2012, p. 15) uses classical Greek labels to 

define three types of knowledge: episteme (scientific), which is “universal, context-free, 

and objective,” techne (skills and crafts), which is “practical and context-specific 

technical knowhow,” and phronesis (practical wisdom), which is “experiential 

knowledge to make context-specific decisions based on one’s own value/ethics 

(synthesis: explicit plus tacit).” 

As described by the different scholars noted above, the various types of 

knowledge are related to each other. All these models describe types of tacit and explicit 

knowledge that people use in the workplace, with different nuances defined by the 

academics who have conducted research in this area. Table 2-3 describes the 

relationships among the types of knowledge described in this section. 

Table 2-3 Relationships among types of knowledge 

Author Tacit knowledge Explicit knowledge 

Polanyi Know-how Factual 

Wiig Personal 
Factual 
Conceptual 
Methodical 

Public 
Shared 

De Jong & Ferguson-Hessler Conceptual 
Strategic 
Deep 

Situational 
Procedural 
Surface 

Jorna & Sjarbaini Sensory 
Coded 
Theoretical 

 



 
 

 28 

DeLong Human 
Social 
Cultural 

Structural 

Nonaka Skills and crafts 
Practical 

Scientific 

 Importance of Knowledge in Large Organizations 2.1.4

Besides discerning forms and types of knowledge, experts have explored the 

characteristics of knowledge itself as the first step in determining how to manage it 

effectively in the workplace. Toward those ends, Allee (1997, p. 72), provides 12 guiding 

knowledge principles: (1) knowledge is messy — it cannot be isolated neatly because it is 

connected to everything, (2) knowledge is self-organizing — the “self” refers to a 

community or network, (3) knowledge seeks community — it wants to happen as a 

community, the best illustration is the Internet, (4) knowledge travels via language — 

without language we cannot describe what we know, (5) the more you try to pin 

knowledge down, the more it slips away — in trying to codify knowledge as explicit 

documents, too much rigidity leads to a loss of creativity, (6) looser is probably better — 

with the emphasis on highly adaptive systems, (7) there is no one solution — as 

knowledge is always changing, the best approach is keeping all options open, (8) 

knowledge does not grow forever — some of it becomes irrelevant and dies, (9) no one is 

in charge — as knowledge is a social process, nobody can take responsibility for 

collective knowledge, (10) you cannot impose rules and systems — because knowledge 

is self-organizing, it is important to remove the barriers to its self-organization, (11) there 

is no silver bullet — there is no single best practice to advance knowledge, and (12) how 

you define knowledge determines how you manage it — the best way to share knowledge 

is to emphasize the communications flow within the organization. Focusing on 

knowledge competencies results in finding more effective ways to create, adapt, and 

apply knowledge. 

To make these knowledge principles more relevant to business executives, 

Snowden (2012, p. 3) reduces the Allee’s list to the following three statements: 

knowledge is only volunteered, never conscripted — it cannot “happen” by decree, we 
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only know what we know when we need to know it — we only remember when we are 

responding to a specific question, and we always know more than we can say and will 

always say more than we can write down — this is the power of tacit knowledge. 

Nonaka & Takeuchi (1995, pp. 6; 13; 59) argue that only individuals create 

knowledge, which is then distilled within the group. The organization enables individual 

employees to create new knowledge. They state that the capability of an organization to 

identify new knowledge, communicate it throughout the organization, and incorporate it 

in products, systems, and services may be a preeminent success factor in the marketplace. 

To be useful in an organizational setting, a focus on the capture and transfer of 

knowledge must be an integral part of business activities. KM is the commonly used term 

for the application of knowledge-centric practices in the workplace.  

In an informal survey, Dalkir (2005, 16) finds at least 72 definitions of KM. Her 

preferred definition of KM is the “deliberate and systematic coordination of an 

organization's people, technology, processes, and organizational structure in order to add 

value through reuse and innovation. This coordination is achieved through creating, 

sharing, and applying knowledge as well as through feeding the valuable lessons learned 

and best practices into corporate memory in order to foster continued organizational 

learning.”  

Scholars have subdivided KM into three distinct organizational perspectives — 

business, cognitive science, and process. From the business perspective, Barclay & 

Murray (1997) stated that KM is a key focus for a business when it is reflected in its 

strategy, policy, and practice at all levels of the organization and when the business 

makes a direct connection between its intellectual assets — both explicit and tacit — and 

positive business results. In addition, “KM is a collaborative and integrated approach to 

the creation, capture, organization, access, and use of an enterprise’s intellectual assets 

(Grey, 1996, original source unknown, quoted in Dalkir, 2005, p. 5).” 

From the cognitive science perspective, “Knowledge ― the insights, 

understandings, and practical know-how that we all possess ― is the fundamental 
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resource that allows us to function intelligently. Over time, considerable knowledge is 

also transformed to other manifestations ― such as books, technology, practices, and 

transitions ― within organizations of all kinds and in society in general. These 

transformations result in cumulated expertise and, when used appropriately, increase 

effectiveness. Knowledge is one, if not the, principal factor that makes personal, 

organizational, and societal intelligent behavior possible (Wiig, 1993, pp. 38-39).” 

From the process perspective, “KM is the concept under which information is 

turned into actionable knowledge and made available effortlessly in a usable form to the 

people who can apply it (Information Week, 2003, September 1, original source 

unknown, quoted in Dalkir, 2005, p. 5).” 

Various scholars have described the properties of KM; for example, Dalkir (2005, 

pp. 6-7) discusses its multidisciplinary and provides a fairly comprehensive list of 

characteristics. However, in the seven years that have passed since she published her 

book, social media have emerged, allowing people to connect with others both inside and 

outside their organization to tap into knowledge and expertise. Additionally, many large 

organizations are implementing systems for lessons learned and best (proven) practices to 

avoid the need for employees to redo what others have already accomplished elsewhere 

within the organization. 

According to Blair (2002, p. 1021), KM has two parts: the management of 

supporting data and information and the management of expertise; that is, the people who 

have specific skills. The author also notes that while computers can process data and 

information, only people can be knowledgeable. As Adrian Ward further points out, KM 

is “not about creating an encyclopedia that captures everything that anybody ever knew. 

Rather, it’s about keeping track of those who know the recipe and nurturing the culture 

and technology that will get them talking (original source unknown; from Collison & 

Parcell, 2004, p. 16).” Asserting that KM is key to the success of contemporary 

organizations, Becerra-Fernandez & Sabherwal (2001, p. 25) write that KM enables 

organizations to become “knowledge-integrating.” Such organizations gain the ability to 
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integrate the knowledge of different individuals and groups through organizational 

routines, directions, or processes that involve knowledge sharing. 

To explain the interconnections and processes involved in implementing KM, the 

American Productivity & Quality Center (APQC) developed the roadmap described by 

O’Dell & Grayson (1998, p. 26) and updated by O’Dell & Hubert (2011) in Figure 2-1. 

 

Figure 2-1 APQC’s KM program framework13 

This framework shows how KM is developed and embedded in an organization 

over time to increase its core competencies, which are essential to maintaining a 

competitive advantage (Prahalad & Hamel, 1990, p. 82). 

Table 2-4 provides information regarding knowledge retention in the U.S. 

National Aeronautical and Space Administration (NASA) and the World Bank. The 

American Productivity and Quality Council (APQC, 2008, p. 64) provided the 

information about NASA, and APQC (2002, p. 9) provided the information about the 

World Bank (updated in personal telephone interview on 15 July 2013, with Lesley 

Shneier, senior knowledge and learning officer, retired). 

  

                                   
13 O’Dell and Hubert (2011, p. 16) 
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Table 2-4 Approaches to knowledge capture, sharing, and retention 

 NASA World Bank 

After action reviews (AAR) √ √ 

Apprenticeship programs √  

Blogs √ √ 

Collaboration workspaces √ √ 

Communities of practice (COP)/Networks √ √ 

Content management systems √ √ 

Decision support systems √ √ 

Dissemination of technical research reports, papers, and presentations √ √ 

Documentation of workflows/processes √ √ 

Expertise locator √ √ 

Internal conferences for knowledge sharing √ √ 

Interviews √ √ 

Knowledge repositories √ √ 

Lessons learned exercises √  

Mentoring programs √ √ 

Peer assist √ √ 

Recruiting strategy √ √ 

Retaining access to retirees √ √ 

Storytelling √ √ 

Videotaping  √ 

 KM and Social Media 2.1.5

KM and collaboration can create a foundation for fostering innovation and 

creativity in large organizations. According to Avram (2006, p. 1), during the late 1990s 

and early 2000s, most KM efforts concentrated the creation of central knowledge 

repositories to encourage collaboration and reuse — a top-down approach. The 
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introduction of social software allows for a bottom-up approach, which is more flexible 

and easier to use. Technopedia defines social software as a category of software systems 

that primarily functions to allow user collaboration and communication.14 Although new 

types of social media continue to come into the market, Figure 2-2 shows the key types of 

social software. 

 

Figure 2-2 Key areas of social software15 

One of the popularizing aspects about social media is its low or no cost to users. 

Yates & Paquette (2011, p. 6) describe the value of social media in the aftermath of the 

2010 Haiti earthquake. Three U.S. agencies, the Government of Haiti, the United 

Nations, and many countries from around the world coordinated a large rescue effort. 

Social media was used extensively to coordinate relief efforts when traditional 

communications and information systems were degraded or unavailable. During the 

disaster response, cloud computing was used to store and manage documents created in 

collaboration between co-authors. Video and photo sharing websites were used to create 

social interaction. Social network websites represent links and nodes from conversation 

threads created by multiple authors (ibid. p. 6). 

 Knowledge Sharing and Transfer 2.1.6

The purpose of KM is to capture knowledge so it can be transferred to others in an 

organization, or, as DeLong (2004, pp. 11; 21) says, to retrieve and reuse it in new 

situations. Describing the nature of knowledge transfer, DeLong (2004, pp. 23-24) writes 

that knowledge transfer consists of three activities: knowledge acquisition — the 

practices, processes, and routines used to move knowledge into the stage where it is 

                                   
14 http://www.techopedia.com/definition/424/social-software accessed April 15, 2014 
15 Avram (2006, p. 2) 
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available for future use, storage — the processes and facilities used to keep knowledge 

and information until they are needed, and retrieval — the behaviors, routines, and 

processes used to access and reuse information and knowledge in new situations. 

Because knowledge loss can be extremely costly to large, complex organizations, 

knowledge transfer is a critical component of KM. DeLong (2004, pp. 11; 21) uses 

NASA as an example of how the inability to transfer knowledge can negatively affect an 

organization and recommends activities for knowledge retention as described in Figure 2-

4 (DeLong, 2004, p. 24). Between 1969 and 1972, NASA sent 12 astronauts to the moon. 

During the 1990s after decades of severe budget cuts, NASA, as a budgetary measure, 

encouraged many of the senior engineers who designed the rockets used to launch the 

lunar landing craft to take an early retirement. NASA officials subsequently discovered 

when restarting the lunar launch program that to send astronauts to the moon again would 

entail starting from scratch because of the loss of institutional knowledge. The U.S. 

Nuclear Regulatory Commission faced a similar loss of knowledge when a significant 

numbers of its veteran nuclear scientists and engineers retired around the same time. 

These examples are in keeping with the writing of von Krogh, et al., who (2001, 

p. 422) posit that organizations develop their own “knowledge domain.” Knowledge 

creation and transfer are key to the development of companies’ success in their domains 

even though companies need to apply knowledge transfer selectively (ibid. p. 425).  

Szulanski (2000, pp. 9-10) regards knowledge transfer as a process, not an act, 

ideas that are in keeping with those of other researchers. Below are figures that observe 

this process from different perspectives, as part of three models of knowledge transfer. In 

the first, Figure 2-3, Shin, et al. (2001) summarize the management of the different 

knowledge activities and the four phases in the KM value chain. 
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Figure 2-3 The KM value chain16 

DeLong (2004) describes the continuum of knowledge transfer extending from 

the creation of knowledge to its reuse in Figure 2-4. 

 

Figure 2-4 Knowledge transfer continuum17 

As reflected in the following figure, Sveiby (2001) states that the value in the 

value network expands each time knowledge transfer takes place. In an exchange 

between two employees, the knowledge is transferred from the first employee to the 

second is added to the knowledge of the second employee while it is not lost to the first 

employee. In other words, “knowledge shared is knowledge doubled.” The transfer of 

                                   
16 Shin, et al. (2001, p. 341) 
17 DeLong (2004, p. 24) 
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tacit and explicit knowledge between individuals and the conversion of the knowledge 

from one type to another primarily determines the value of the knowledge created. This 

knowledge transfer model is shown in Figure 2-5. 

 

Figure 2-5 Knowledge transfer model18 

The author (ibid. p. 348) distinguishes nine types of knowledge transfer within 

this model: (1) between individuals, (2) from individuals to external structure, (3) from 

external structure to individuals, (4) from individual competencies into internal structure, 

(5) from internal structure to individual competence, (6) within the external structure, (7) 

from external to internal structure, (8) from internal to external structure, and (9) within 

the internal structure. 

Types 1, 4, and 5 — described below — are relevant to this study. 

Knowledge transfers between individuals. This type of knowledge transfer occurs 

when employees communicate with each other. It concerns the transfer of knowledge 

between people in the organization and how the collaborative climate can be improved. 

                                   
18 Sveiby (2001, p. 347) 
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Knowledge transfers from competence to internal structure. This knowledge 

transfer occurs when converting (often tacitly held) individual competencies into data 

repositories to be shared by the whole organization. 

Knowledge transfers from internal structure to individual competence. This 

knowledge transfer concerns making the captured competence available to other people 

to allow them to improve their capacity to act. 

Nonaka (1991, p. 21) described in depth how organizational knowledge is created 

and transferred through a continuous dialogue between tacit and explicit knowledge. He 

suggested four basic patterns for creating knowledge in any organization (ibid. pp. 98-

99): 

From Tacit to Tacit. One person may share tacit knowledge directly with another, 

for example, an apprentice learns the master’s tacit skills through observation, imitation, 

and practice. The apprentice is therefore “socialized” into the craft. Neither the apprentice 

nor the master gains any insight into their craft’s knowledge. Because their knowledge 

never becomes explicit, it cannot easily be leveraged by an organization. 

From Explicit to Explicit. A person can combine discrete pieces of explicit 

knowledge into a new whole. For example, putting together a financial report by 

collecting information from various subcomponents of an organization creates new 

knowledge by synthesizing information from different sources. This combination, 

however, does not extend the existing knowledge base. 

From Tacit to Explicit. When an apprentice is able to articulate the foundations of 

the newly gained tacit knowledge, he or she converts it into explicit knowledge that can 

be shared with others. 

From Explicit to Tacit. As new explicit knowledge is shared throughout an 

organization, other employees begin to internalize it and use it to broaden, extend, and 

reframe their own tacit knowledge. 
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In 2012 (p. 8), Nonaka updates his contributions to two earlier seminal 

publications: The Knowledge-Creating Company, written with Takeuchi in 1995, and The 

Concept of Ba, written with Konno in 1998. Recognizing that much of human knowledge 

is acquired through social interactions, he now emphasizes the importance of those 

interactions in knowledge creation. Like Nonaka, Downes (2006) argues that social 

knowledge is a result of the connections between members of an organization. That 

knowledge then becomes the property of the organization as a whole. The challenge to 

organizations becomes how to transfer knowledge efficiently and effectively to the 

workforce.  

Liebowitz (2004, pp. 15–29) discusses the importance of transferring knowledge 

from older employees to new hires. The author identifies the need for a cross-

generational knowledge transfer and exchange, presenting several case studies, including 

NASA Goddard’s pending retirement wave and the Health Physics Society’s concern of a 

critical labor shortage that could result in at-risk knowledge gaps. In these examples, he 

highlights the value of knowledge retention and transfer. 

An example from Scripps Health illustrates how a knowledge transfer program 

can reduce staff turnover. In 2005 when turnover rate was 20.3 percent, the hospital 

system implemented a mentoring program for its nurses. By 2008, the rates dropped to 

12.5 percent because new nurses felt they received better support from more experienced 

staff (Ball & Gotsill, 2011, p. 93). 

 Trust in the Workplace 2.1.7

To transfer knowledge within an organization, it is critical that relationships be 

based on trust. Like knowledge, trust is often difficult to describe within a large 

organization. Fukuyama (1995, p. 26), for example, defined trust as “the expectation that 

arises within a community of regular, honest, and cooperative behavior, based on 

commonly shared norms on the part of other members of that community.” Numan 

(1998, pp. 38-39) pointed out the differences between faith, trust, and confidence. Faith 

does not require evidence for trust to occur. Trust is based on previous experience, even 

though there is insufficient evidence for the current action. Confidence occurs when there 
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is no doubt that an action will meet expectations. Lesser (2002, pp. 6-9) contends that 

trust is the key factor affecting the receipt of useful knowledge, whether the relationships 

between people involve strong or weak ties. This applies to both benevolence-based trust 

as well as competence-based trust. 

Levin, et al. (2002, pp. 2; 6) differentiate between two types of organizational 

trust: competence-based trust and benevolence-based trust. The former is based on 

knowing someone as an expert while the latter assumes the expert is willing to share what 

he or she knows. Lesser (2002, pp. 6-9) finds competence-based trust to be highly 

significant when the knowledge is tacit or complex. 

Cohen & Fields (2000, p. 188) say trust lies at the foundation of relationships 

between organizations and individuals. Cohen & Prusak (2001, pp. 46-47) believe that 

transparent and open promotion and compensation policies help build trust and reduce 

suspicion in organizations. They identify three major principles of openness: allow each 

worker to enter knowledge into the system, give everyone access to the knowledge base 

of the company, and let every person talk directly with those who have the best 

knowledge in the organization. 

However, in practice many people work in teams. Looking at team effectiveness, 

Hackman & Wageman (2009, p. 277) write that teams produce outcomes for which all 

members are collectively responsible. They define team effectiveness as when a team’s 

product meets or exceeds standards of quantity, quality, and timeliness of people who 

review or use it, work processes enhance the members’ capability to work together, and 

the team contributes positively to members’ learning and sense of well being. 

Communities of practice (COP). As informal COPs are being created within 

organizations to speed knowledge transfer, organizations are learning that shared 

knowledge is power (Allee, 2000, p.1). These informal networks, either supported or not 

supported by an organization, are effective agents of knowledge transfer. E. Wenger 
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defines COPs as “… groups of people who share a concern or a passion for something 

they do and learn how to do it better as they interact regularly.”19  

Lave & Wenger (1991, pp. 98-100), who coined the term COP, considered a COP 

to be a group of people who share a common set of problems, concerns, or passions about 

a topic and who meet on a continuing basis to create, validate, share, and distribute 

knowledge assets. 

Davenport & Prusak (1998, pp. 38-39) emphasized that COPs are “self-organized 

groups” ― founded by employees sharing common interests, work practices, interests 

and aims ― that work to improve their organization’s effectiveness and efficiency. Over 

time, these groups are formalized and create a systematic interchange between 

participants. The authors also recommend that managers support COPs that enhance the 

capabilities of employees and improve the competencies of the organization.  

Fontaine (2002, p. 8) differentiates among COPs and formal organizational 

structures. According to his research, an organization’s departments, project teams, and 

committees are focused on delivering specific products and services, accomplishing 

specific tasks, or resolving specific issues. In contrast, a COP's purpose is the building 

and exchange of knowledge. Members of a COP usually join voluntarily and remain in 

the community due to their personal interest and commitment to the interest or practice 

area that is the focus of the community. McDermott & Archibald (2010, pp. 86-87) posit 

that communities are responsible for the long-term development of a body of knowledge 

while project teams focus on specific deliverables. Further, communities oversee and 

maintain the knowledge in their domain while project teams focus on a given problem. 

Table 2-5 (Wenger & Snyder, 2000; Fontaine, 2002) compares COPs and project 

teams.  

  

                                   
19 http://www.ewenger.com/theory/ accessed 26 February 2013 
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Table 2-5 Snapshot comparison20 

 What's the 

purpose? 

Who belongs? What holds it together? How long does it last? 

Community of 

practice 

To develop 

members’ 

capabilities 

To build and 

exchange 

knowledge 

Members who select 

themselves 

Passion, commitment, and 

identification with the 

group's expertise 

As long as there is 

interest in maintaining 

the group 

Project team To accomplish a 

specified task 

Employees signed 

by senior 

management 

Projects milestones and 

goals 

Until the project has 

been completed 

DeLong (2004, pp. 114-118) points out the value of COPs in retaining 

organizational knowledge through: knowledge sharing activities, fostering of common 

language, sharing values, and problem solving across organizational boundaries. The 

author also writes that COPs also speed up new employees’ ability to contribute more 

quickly to an organization's productivity by accelerating the learning curve, more rapidly 

making codified knowledge and experts available, and contributing to the social capital 

of an organization. 

Beazely, et al. (2002, p. 191) describe COPs as having high value for an 

organization because they provide networks for knowledge exchange, validation, and 

creation. They promote knowledge transfer between experts and novices as well as 

among experts whose knowledge can be augmented by new ideas.  

                                   
20 Wenger & Snyder (2000, p. 142) 
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2.2 Communications 

 Background 2.2.1

Discussions in this chapter revolve around the theory of communications, the 

sender-receiver model, age differences, and intergenerational communication. 

Because communication is integral to the process of knowledge transfer, it is 

central to this research. Communication provides a one-way, two-way, or multi-process 

way for reaching a mutual understanding in which participants not only exchange — 

encode and decode — information but also create and share meaning. 

The word communication comes from the Latin communio, meaning to share. 

When people communicate, they transmit audible, visual, or tactile signals or signs. 

These signals are shared as well as retained internally. Weaver (1949, p. 3) used the term 

“in a very broad sense to include all of the procedures by which one mind may affect 

another.” According to Cherry (1978, p. 9), communications theory is concerned mostly 

with the content of the signal. It is not concerned with the meaning, importance, value, or 

truth of the communicated information to the person or persons this information is shared 

with. Therefore, Cherry wrote that communications theory is basic and insufficient to the 

study of human communication. 

Searle (2009, p. 187) argues that while animals have natural ways of 

communicating with each other, human beings primarily use language to communicate. 

Cherry (1978, pp. 3-4) distinguished between the way animals communicate (using signs 

and calls to suggest or alert others to danger) and human speech and language, which 

express thoughts and ideas. Searle (2009, p. 187) states that people need to express 

abstract ideas; for example, there is no “natural” way of conveying the fact that it is 

raining. If a person says “rain,” it represents a weather condition, and if a person says 

“ouch!” it is interpreted as an expression of pain. He (ibid. p. 190) identifies the sentence 

as the basic unit of communications. 
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Human communication has promoted the growth of the social unit, and 

technology has expanded it further by enabling humans to communicate across 

geographically distant locations. Chapanis (1978, p.4) posited a need to distinguish 

between interactive and unidirectional communication. The author states: 

“In unidirectional communication, the person to whom a message 

is addressed is a passive recipient of information. Nothing that he or she 

does or says affects the communicator, the communication process, or the 

content of a message. 

“In interactive communication, by contrast, the participants are 

both senders and receivers of information. Communicators, the 

communications processes, and the contents of messages can be, and 

usually are, affected by all the participants. Conferences, arguments, 

seminars, telephone conversations, and man-computer dialogs are 

examples of interactive communication.” 

Knapp & Daly (2002, p. 118) stated that interpersonal communication occurs in 

real-time face-to-face dialogue that has several unique features, both audible and visible. 

Usually communicators are in close physical proximity and can draw upon a wealth of 

social context cues (ibid. p. 9). However, as Cherry pointed out, humans communicate 

not only through speech and writing, but also through the use of hand gestures, body 

language, and facial expressions. Communication relies not only on language but also on 

a system of signs, which can take many forms, such as written words, pictures, street 

placards, symbols, and others (Cherry, 1978, p.7). 

Watzlawick, et al. (1967, p. 49) found that it is almost impossible for people to 

not communicate. A person sitting at a bar looking straight ahead or an airline passenger 

sitting with his eyes closed sends the message that he or she does not wish to 

communicate or interact with others. The authors (ibid. p. 50) distinguished between a 

message, defined as a single communication unit, and an interaction, defined as a series 

of messages exchanged between two or more people. The authors added (ibid. p. 51) that 
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the act of communicating implies a commitment that leads to a relationship. In other 

words, communication not only conveys information but also affects behavior. 

Postmes, et al. (2000, p. 344) state that in a communications context, one of the 

roles of language is to maintain and express social identity. The authors add that group 

norms may emerge through interactions that are inferred from in-group communication. 

Also (ibid. pp. 346-348), group identity can be inferred from the consistency of the 

communications. Certain aspects of the communications can distinguish a group from 

other groups, giving it a distinct social identity. A group’s norms influence 

communication within the group, but not with people outside the group. 

Myers & Sadaghiani (2010, p. 225) suggest that communicative interactions 

create and maintain work relationships among team members. Communication that 

uncovers shared values and reveals common commitments to organizational goals 

enables coworkers to develop and sustain productive relationships within an organization. 

This work relates to the studies of trust described in Section 2.1.7. 

These studies are in concert with the theories and findings of scholars in KM 

discussed previously, such as Nonaka (2012) and Downes (2006), who emphasize the 

importance of social interactions in knowledge creation, as well as those studying the role 

of organizational trust in KM, such as Lesser (2002, pp. 6-9). Differences in 

communication styles among the generations can impede relationships and knowledge 

transfer, as described below under “Age differences and intergenerational 

communications.” 

 Sender-Receiver Model 2.2.2

Beckham & King21 define communications as what people do to give and get 

understandings: 

“It is an exchange of words and meanings, a two-way process of 

sending and receiving messages. Effective communication[s] occurs when 

                                   
21 Communication in Coalitions. http://ohioline.osu.edu/bc-fact/0006.html accessed 9 May 2012 
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there is shared meaning. The message that is sent is the same message that 

is received. There must be a mutual understanding between the sender and 

receiver for the transmission of ideas or information to be successful.” 

This definition can be subject to misinterpretation as there can be a difference 

between the meaning intended by the sender and its interpretation by the receiver. Part of 

that difference may be attributed to age, gender, and cultural background. 

The authors also state that effective communication is usually two-way. The 

process includes a sender — the person who initiates the communication, a receiver — 

the listener for whom the communication is intended, a message — what the sender 

wants the receiver to know, and feedback — communication expressing understanding by 

the receiver of the content and the meaning of the message. Without feedback, senders 

and receivers are much less likely to achieve a true understanding about the message. 

Lin, et al. (2005, p. 198) describe a “sender-receiver” model of communications. 

In it, the knowledge sender and the knowledge receiver have distinct self-interests and 

different perceptions of a given situation. The authors focus on two types of knowledge 

transfer: sender-advantage asymmetric information structure ― a model in which the 

sender has more information about the transferred knowledge than the receiver, and 

symmetric incomplete information structure ― a model in which neither the sender nor 

the receiver has complete information about the transferred knowledge. 

The authors also discuss “a knowledge market within organizations where 

knowledge sellers (providers) and buyers (seekers) expect to gain from knowledge 

transactions, which are accommodated by effective internal knowledge sharing and 

transfer” (ibid. p. 199). Davenport & Prusak (1998, pp. 25; 181) identified an internal 

knowledge market as a “quasi market,” as it cannot be enforced by formal contracts. 

Payment takes the form of recognition for the provider and reciprocal exchange. Seekers 

realize the usefulness of the knowledge, which helps them deliver results in their work. 

Watzlawick, et al. (1967, p. 51) found that any communication implies a commitment 

between the sender and the receiver of a message. 
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Within the sender-receiver model, Weaver (1949, pp. 4-6) identified three levels 

of communications problems: (1) technical problem, i.e., how accurately can the symbols 

of the communication be transmitted? (2) semantic problem, i.e., how precisely do the 

transmitted symbols convey the desired meaning? and (3) effectiveness problem, i.e., 

how effectively does the received meaning affect conduct in a desired way? 

Technical problems are concerned with the accuracy of the transmission from the 

sender to the receiver of a finite set of discrete symbols. Semantic problems are 

concerned with the interpretation of the meaning by the receiver as compared with the 

intended meaning of the sender. Effectiveness problems are concerned with the success 

with which the meaning conveyed to the receiver leads to the desired conduct. 

Lin, et al. (2005, p. 199), state that each sender is endowed with knowledge that 

interests a receiver, who hopes to derive benefits (value) from using the knowledge. 

“The value of knowledge provided by the sender is realized when 

the receiver has assimilated and put in use the knowledge, which has 

brought about outcomes attributable to the use of [the] knowledge.” 

Because knowledge transfer precedes knowledge use, neither the sender nor the 

receiver can measure the value of the knowledge when deciding to transfer it, although 

they have expectations of its value. 

 Age Differences and Intergenerational Communications 2.2.3

Harwood (2007, p. 74) defines intergenerational communication as interactions 

involving people from different age cohorts or age groups.  

While Harwood (2008, p. 1) states that age affects how people communicate, he 

also writes that age is not the only determinant for preferences of modes of 

communication. The author writes that “age group memberships change with time, and 

divisions between age groups are fuzzy and highly negotiable.” However, Harwood, et al. 

(2000, p. 21-22) also write that “younger adults' stereotyped expectations of older adults 



 

 47 

have a negative impact on the communicative options of older adults in intergenerational 

contexts.” The authors found that the reverse is also true. 

Oblinger & Oblinger (2005) describe communication preferences for the three 

generations in the workplace in Table 2-4 (DeLong, 2004, p. 24). See Section 1.3 for 

further discussion. 

Table 2-6 provides insight into the communications preferences of each 

generation. 

Table 2-6 Communication in the multi-generational workplace22 

Generation Preferred method 
of communication 

Suggested ways to communicate 

Boomers § Face-to-face 
§ Phone calls 
§ Personal 

interaction 
§ Structured 

networking 

Conversations should be more formal, perhaps over coffee or lunch. Boomers 
tend to see relationship and business results as intertwined. Ask about mutual 
interests, e.g., “How is your son doing in college?” Make the conversation 
participative by getting the other’s input, and link your message to the 
individual or team vision, mission, and values. 

Gen Xers § Voicemail 
§ Email 
§ Casual 
§ Direct and 

immediate 

Do not waste the person's time. Be direct and straightforward. Avoid corporate-
speak. Send an email or leave a voicemail that states clearly what you want, 
how it will serve you, and when you want it. 

Millennials § Text messages 
§ Collaborative 

interaction 

Be positive. Send a text message or meet face-to-face. Tie the message to your 
personal goals or the goals the team is working toward. Do not be 
condescending. Avoid criticism and sarcasm. 

Tulgan (2000, pp. 205-206) further explores generational background and 

communication preferences. The author asserts that Gen Xers, who grew up as latchkey 

children who babysat for themselves while their parents worked, have a communication 

style unfamiliar to older generations. Gen Xers typically did their homework while 

listening to the radio, watching television, and talking on the phone.23 As a result, Tulgan 

posits, Gen Xers are able to absorb simultaneous signals from multiple channels of 

information. 

                                   
22 Hannam & Yordi (2011, p. 16) 
23 My son is a Gen Xer. He grew up as a latchkey child, letting himself into our house after school while my wife 
and I worked. He is a testimonial for Tulgan’s description of his generation as he successfully completed his 
homework and was an A student despite constant distractions. 
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Twenge (2006, p. 36) illustrates differences in communication styles among 

different age groups by relating a story about a 20-year-old student whose mother said, 

“Other people do not have to know about the bad things that happened in the family.” 

The author then asked her teenage students to tell true stories about a third person they 

did not want the author to be able to identify. Instead, the students related information 

about their own highly personal behaviors, including sex and drug abuse. 

In the workplace, cultural differences among the age groups may initiate a clash 

that hampers communications. While, they need to learn the organizational culture to fit 

in and succeed, new employees bring their own cultural biases into the workplace. For 

example, according to Hannam & Yordi (2011, p. 9), research has shown that Millennials 

thrive in a team environment and engage frequently through social media. However, they 

may feel that older workers are unable to grasp the technologies they use. According to 

Morris & Venkatesh (2000, p. 398), researchers have found that age also matters when 

people decide whether to adopt new technologies. 

Boomers, on the other hand, may fail to communicate to younger generations in a 

way that takes into consideration their different perspectives. Thus, depending on the age 

composition of their team, new employees may not be able to take advantage of 

knowledge transfer from their elders who possess a wealth of corporate knowledge. 

Communications differences in style and substance among the generations can 

highlight differences in attitudes and behaviors and stifle the acceptance of younger new 

employees. Myers & Sadaghiani (2010, p. 227) state that, initially, existing employees 

assess each new person’s ability to benefit the workgroup. Only when a new employee is 

seen as valuable to them do they commit to a relationship. The authors write that 

Millennials are not intimidated by other employees’ age or status because they were 

encouraged by their parents to communicate their opinions to adults and even to 

challenge authority (ibid. p. 229). Those behaviors may not be appreciated by the older 

employees. 
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Because the three generations bring different ideas, challenges, and opportunities 

to the workplace, Hannam & Yordi (2011, p. 16) suggest that management needs to take 

these attributes into account. The goal should not be to make everyone fit into one mold 

but to communicate differences in a way that promotes creativity and innovation. More 

generally, the authors advise management to communicate in ways that motivate each 

generation because effective communication is essential to maintaining motivation for all 

the generations. 

As research from various fields shows, generational issues are important in the 

workplace and have been understudied in KM research; therefore the findings of this 

research have the potential to add to the existing body of knowledge in KM. 

2.3 KM and Learning  
 Background 2.3.1

Learning creates knowledge through transformative experiences (Kolb, 1984, p. 

38). One of the most prevalent and effective practical manifestations of organizational 

learning is the transfer of knowledge and best practices within the firm (O’Dell & 

Grayson, 1998, p. 224). Thus, KM and organizational learning are interrelated, make an 

impact on one another, and have common traits (Wallace, 2009, p. 5). 

This discussion begins by connecting the concept of tacit knowledge to individual 

learning and then to team and organizational learning. Schön (1983, p. 52) applied 

Polanyi’s idea of tacit knowledge to individual learning. He starts with Polanyi’s 

examples of facial recognition and tools use. If a person knows another’s face, he or she 

can recognize it among a thousand or a million faces, though usually unable to describe 

the basis of that judgment. Similarly, learning to use a tool creates an initial awareness of 

its impact on our hands, which is transformed into a sense of how the tool touches the 

objects it interacts with. In essence, a person’s perception changes from the tool’s impact 

on the hands to its effect on the items to which it is applied. In this process, which is 

essential to acquiring a skill, the initial awareness of the feelings associated with the 

interaction with the tool becomes internalized into a person’s tacit knowledge.  
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Schön (ibid. p. 54) took this idea further with the concept of reflecting-in-action. 

People commonly recognize knowing-in-action, acknowledging that they sometimes 

think about what they are doing. For example, phrases like “thinking on your feet,” 

“keeping your wits about you,” and “learning by doing” suggest not only that people can 

think about doing, but also about doing something about it. The author gives examples of 

this process as it occurs in the midst of a performance. Big league baseball pitchers refer 

to this experience as “finding the groove.”  

The same concept applies to team learning. For example, jazz musicians 

improvise together, manifest a feel for their material, and make on-the-spot adjustments 

to the sounds they hear. To grasp how people work together in teams to innovate and 

adapt in real time, academics have studied improvisation to understand how team 

members can learn such skills and successfully apply them in organizations. Vera & 

Crosson (2005, p. 203) look into this issue by asking, “if musicians and actors can learn 

to improvise and to be innovative in real time, can these skills also be learned by work 

teams in organizations?” The authors discuss the theory of improvisation based on 

insights obtained from jazz and theater improvisation (ibid. p. 204). According to them 

(ibid. p. 205), improvisation is a mixture of “making do” and “letting go.” 

Also addressing individual and organizational learning, Senge (1990, pp. 7-8), 

related personal mastery — achieving a special level of proficiency in one’s work — to 

the creation of a shared vision and improvements in the workplace. Through personal 

mastery, people create mental models (i.e., tacit knowledge), which become deeply 

ingrained assumptions and generalizations that influence how they understand the world 

around them (ibid. pp. 8-9). To build a shared vision of the future, an organization can 

capitalize on these tacit models, using them to develop shared goals, values, and mission 

(ibid. p. 9) as well as to create explicit knowledge. He writes that team learning is critical 

to creating a shared vision as it helps team members ignore assumptions, enter into a 

mode of “thinking together,” and develop extraordinary capacities for coordinated action 

(Ibid. pp. 9-10). Senge’s theory is reflected in the training of air traffic controllers in the 

FAA, whose work in teams enables them to achieve an exceptionally high level of air 

transportation safety. 
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The link Senge creates between personal mastery, mental models, and creating 

improvements in the workplace fits Nonaka’s (1994, p. 14) ideas that “organizational 

knowledge is created through a continuous dialogue between tacit and explicit 

knowledge.” 

Borrowing from the Japanese concept of ba, which roughly translates to the 

English word space, Nonaka & Konno (1998, p. 42) described an environment and a 

process for creating and transferring knowledge in the workplace. For them, ba represents 

“a shared space for emerging relationships.” In a knowledge creation environment, it can 

be thought of as any kind of a space — physical, virtual, or mental — where employees 

can create and share knowledge. Using their concept of ba, they described four modes of 

knowledge, which they called “the SECI Model.” Socialization, externalization, 

combination, and internationalization (SECI) are represented in the four quadrants 

depicted in the figure below. 

The SECI model portrays knowledge transfer as a spiral process of continuous 

learning. Organizational learning depends on the initiation and sustenance of this learning 

spiral. The authors also differentiate between two different dimensions of tacit 

knowledge. The technical dimension includes informal, personal skills often referred to 

as “know how,” whereas the cognitive dimension consists of beliefs, values, and “know 

what” — the mental models that shape the way people perceive the world. O’Dell & 

Hubert (2011) refine Nonaka & Konno’s theory and describe it in Figure 2-6. 
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Figure 2-6 Modes of knowledge creation24 

Billett (2001, p. 209) argues that workplaces must provide opportunities for 

learning, while Altonji & Spletzer (1991, p. 58) link staff training to productivity and 

success in the labor market. The ways in which people engage in the workplace are key 

to understanding the workplace as a learning environment. Billett’s (ibid. pp. 213-214) 

research demonstrates that guided learning strategies, when used to support work tasks, 

can develop much of the knowledge required for performance. Accordingly, to improve 

workplace learning, organizations must develop and implement invitational 

environments,25 tailor learning to the requirements of the workplace, select and prepare 

learning guides, and encourage participation by learners and instructors. 

Pivec, et al. (2003, p. 6) find that collaborative learning provides an important 

role in the learning environment, allowing participants to share information, produce 

ideas, simplify tasks, and solve problems. In this model, an instructor is an active partner 

and advisor in the educational process, not just a conveyer of information to passive 

students. 

                                   
24 Nonaka & Konno (1998); modified in O’Dell & Hubert (2011, p. 50) 

25 In the controller environment, computer simulations are used to test new and unforeseen conditions. 
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Through extensive research, the Advanced Distributed Learning (ADL) initiative 

of the United States (U.S.) Department of the Defense (DOD) has found that about 70 

percent of educational development takes place through on-the-job experiences, tasks, 

and problem solving, and about 20 percent through feedback and working with good and 

bad examples of job execution. Though only about ten percent of learning occurs through 

formal courses, they are the sole focus of current training technologies (Poltrack, 2013, p. 

3). 

 Training and the Generations 2.3.2

Hannam & Yordi (2011, p. 18) write that each generation has a preferred method 

for taking in and processing information. Managers can maximize growth and develop-

ment by taking into account each generation’s information consumption preferences.  

The authors posit that the three age cohorts have different learning styles, shown 

in Table 2-7. 

Table 2-7 Predominant learning style of each generation26 

Generation Predominant learning style 

Boomers § Independent; expert or instructor led 
§ Goal-oriented; competitive 
§ “Lead me to the information” 
§ Tech-latecomers 

Gen Xers § Individualist and also collaborative 

§ Peer-to-peer 

§ “Connect me to the people” 

§ Tech-adept 

Millennials § Need to see context and value 

§ Search and explore with each other, online, in their time, in their place 

§ “Connect me to everything” 

§ Tech-savvy 

Millennials and Gen Xers are less likely to be engaged by listening to lectures or 
                                   
26 Hannam & Yordi (2011, p. 11) 



 
 

 54 

reading manuals than are Boomers. The authors recommend engaging younger 

employees in meaningful projects that validate their desire to be involved in important 

work. Most Millennials want to make a difference and feel valued. As most Millennials 

are confident about the value of what they can offer, employers who recognize how to 

teach and mentor this group will be more successful than those who do not.  

The authors (ibid. p. 12) suggest there is a growing consensus among employers 

that Millennials need mentoring; however, that does not mean they have nothing to offer. 

On the contrary, despite some initial concerns about this cohort, Millennials have proven 

to be highly collaborative team players who are respectful of opinions of authority figures 

and eager to learn.  

Busch, et al. (2008, p. 45) write that although employees are the most valuable 

assets in any organization, they do not all possess the same level of ability and skills. One 

of the major drivers for such differences relates to the generational cohort. The authors 

(ibid. p. 47) posit that the work environment must support continuous learning, especially 

for members of the younger generations, and that mentors must lead by example. They 

also emphasize the knowledge transfer problems that arise if organizations are not 

attuned to the needs of the generations in the workplace. 

In organizations such as the U.S. Federal Aviation Administration (FAA), 

mentoring situations usually involve an older mentor and a younger mentee; therefore, 

mentoring is affected by generational characteristics and differences (R. M. Clyburn, 

Manager, Safety Promotion, personal interview 22 January). More specifically in the 

FAA, mentoring has been used successfully by pairing more senior engineers and 

technicians with younger employees to transfer their expert knowledge before they leave 

the agency. As depicted in Figure 2-7 below, the senior employee (mentor) acts as a 

coach, teacher, and trainer to do younger employee (mentee). Each mentee is assigned to 

an individual mentor for a period between three and six months with instructions to 

follow the mentor on every work assignment within the mentor’s geographical area of 

responsibility. Typically, most mentors do not want to engage in such assignment; 

however, as time goes on, and mentors recognize a mentee is serious about learning the 
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job, expert knowledge retention and transfer occur (V. Albert, management and program 

analyst, personal interview 14 January 2013). 

Writing about organizational mentoring, Rother (2010, pp. 5; 15) describes the method Toyota 

uses to train its employees as a “systematic pursuit of desired conditions by utilizing human 

capabilities in a concentrated way.” He notes that Toyota employees and managers have 

difficulty articulating their unique thinking and routines, i.e., their tacit knowledge, which he 

describes as customary, pervasive ways in which the employees and managers operate. The 

author characterizes “Toyota’s Way” as sets of procedural consequences repeated over and over 

in daily work, leading to a desired outcome. In Japan, such routines are called kata, a word 

stemming from basic movements of martial arts, handed down from master to apprentice over 

generations. He offers some common translations of kata, such as “a way of doing something” or 

“a way of keeping two things in alignment or synchronization with one another (ibid. pp. 15-

16).” Nonaka (2012, p. 34) posits that good kata functions as an archetype that fosters creative 

routines while providing higher freedom to act. Rother (2010) describes training at Toyota while 

“working on the real thing.” Figure 2-7 depicts the mentor-mentee approach to training under 

kata. 
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Figure 2-7 Toyota’s classic depiction of mentor-mentee approach27 

In his research of serious games, Reeves (2008) discusses learning differences 

among the generations (see Section 2.3.3 for a discussion of serious games). He states 

that Gen Xers and, even more so, Millennials, have been positively affected by the 

sophisticated interactive games and simulations they have spent much of their youth 

playing (Reeves, 2008, pp. 13-16).  

Beck & Wade (2004, p. 22) contend that video games have dramatically changed 

the way the gamers see the business world, how they think about work, risk, and success, 

and what they expect of themselves. The lessons Millennials have learned from games 

carry value. If managed correctly, they can deliver that value to their organizations. 

                                   
27 Rother (2010, p. 188) 
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 Serious Games in Learning 2.3.3

People acquire knowledge and skills through learning experiences, including 

hands-on experiences. This discussion describes how serious (or instructional) games can 

be an important component of the learning experience. Through associative learning, 

trainees using instructional games can gain new information and skills to integrate into 

their knowledge base. Further, such games can be delivered through mobile smart 

devices, which (1) is beneficial for environments such as air traffic control where people 

may not have ready access to computers and (2) may address the preferences of the 

young Millennials entering the workforce. 

Since the beginning of the 21st century, serious games have emerged as part of 

enterprise learning. D. Cook (2005)28 broadly defines and describes serious games as: 

“The application of gaming technology, process, and design to the 

solution of problems faced by businesses and other organizations. Serious 

games promote the transfer and cross fertilization of game development 

knowledge and techniques in traditionally non-game markets such as 

training, product design, sales, [and] marketing.”29 

Academic research has concentrated on the use of serious games in learning and 

training. Susi, et al. (2007, p. 1) find serious games to be applicable to a broad spectrum 

of uses. They summarize the differences between entertainment games and serious games 

in Table 2-8. 

  

                                   
28 Cook, D. (14 May 2005). Serious games: A broader definition. [Web log]. Accessed at 
http://www.lostgarden.com/2005/05/serious-games-broader-definition.html 
29 This definition does not suit many organizations such as the FAA. There is no evidence of what Cook describes as 
cross-fertilization of game development, knowledge, and techniques in these organizations. 
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Table 2-8 Differences between entertainment games and serious games30 

 Task vs. rich experience 

Serious games Entertainment games 

Problem-solving in focus Rich experience is preferred 

Focus Important elements of learning To have fun 

Simulations Assumptions necessary for workable simulations Simplified simulation processes 

Communication Should reflect natural (i.e., non-perfect) 
communication 

Often perfect communication 

Garris, et al. (2002, p. 441) posit that serious games represent a shift from 

learning by listening to learning by doing as well as a shift from recalling information to 

finding and using it. The authors (ibid. p. 443) add that serious games by themselves are 

not sufficient for learning but that elements of them can be included within an 

instructional context to enhance the learning process. 

As part of serious games, they (ibid. p. 443) also looked at simulation. They state 

“key features of simulations are that they represent real-world systems, they maintain 

rules and strategies that allow flexible and variable simulation activity to evolve, and the 

cost of error for participants is low, protecting them from the more severe consequences 

of mistakes.”  

The authors (ibid. p. 445) describe a model of learning that is inherent to most 

studies of instructional games. In this model, the objective is to design an instructional 

program that incorporates certain features or characteristics of games. These features 

trigger a cycle that includes user judgments or reactions such as enjoyment or interest, 

user behaviors such as greater persistence or time spent on a task, and system feedback. 

To the extent that the designers are successful in pairing instructional content with 

appropriate game features, this cycle results in recurring and self-motivated game play, 

user engagement in game play leads to the achievement of training objectives and 

specific learning outcomes. 

Gee (2006, p. 1) argues that video games are effective for learning. He is mostly 

interested in games using simulation and uses the example of simulation in science 
                                   
30 Susi, et al. (2007, p. 6) 
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because scientists are used to examining highly complex, unpredictable systems. 

Garris, et al. (2002, pp. 444-445) use the figure below to describe the connection 

between the game cycle and the achievement of learning outcomes. The desired end-state 

in this process is the motivated learner. To paraphrase the authors, motivated learners are 

enthusiastic, focused, and engaged. They try hard, persist, are interested in, and enjoy the 

activity, and their behavior is self-determined and driven by their own desire rather than 

external forces. Figure 2-8 shows this model. 

 

Figure 2-8 Input-process-outcome game model31 

 Gee (2003a, p.1; 2006, p. 1) posits that workplaces can use game technologies to 

enhance learning and lists 36 learning principles inherent in “good” video games. He 

suggests that one principle — a cycle of probing, hypothesizing, reproving, and 

rethinking — reflects how people learn in general. First, a player probes the virtual world 

to understand the environment. Next, the player forms a hypothesis about something 

within that environment. Then the player re-probes the same environment with that 

hypothesis in mind, seeing what effect he or she gets. Finally, the player uses this effect 

as feedback and accepts or rethinks the original hypothesis (Gee, 2003b, pp. 90-91). Gee 

has focused on games using simulation and uses science as an example because scientists 

are used to examining highly complex, unpredictable systems, as are air traffic 

                                   
31 Garris, et al. (2002, p. 445) 
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controllers.  

Zyda (2005, p. 26) describes serious games as a mental contest — played on a 

computer following specific rules — that uses entertainment to further training, 

education, health, public policy, and strategic communication objectives. He argues that, 

while the addition of pedagogy makes a game serious, pedagogy must be subordinate to 

the story, and the entertainment component comes first (ibid. p. 26). 

Research shows that playing video games for more than 19 hours per week may 

lead to cognitive enhancement (Gallagher, 2013, p. 10). J. McGonigal, Director of Games 

Research and Development and a designer of alternative reality games with Institute for 

the Future,32 advocates the use of mobile and digital technology to channel positive 

attitudes towards collaboration in the real world. Her research suggests that gamers do 

not spend enough hours playing games each week.33 

 Initiatives in Serious Games 2.3.4

Public and private organizations are developing resources in this emerging field. 

For example, the U.S. Army released the first version of its videogame America's Army34 

in 2002. The Woodrow Wilson Center for International Scholars founded the Serious 

Games Initiative35 in the same year, and the term “serious games” became widespread. 

The FAA is seriously considering the introduction of serious games as part of ATC 

training. During the second half of 2012, MITRE36 developed several computer-based 

games as a pilot to test their applicability in the operational ATC environment. However, 

the agency has yet to introduce these serious games on wireless devices. 

Educational games such as SimCity and especially Second Life were originally 

designed for a younger audience but are now used more widely. Several academics and 

others find these games to be applicable to training adults in various professions. Devisch 

                                   
32 http://iftf.org/what-we-do/who-we-are/advisory-council/jane-mcgonigal/ accessed 23 February 2013 
33 http://www.ted.com/talks/jane_mcgonigal_gaming_can_make_a_better_world.html accessed 23 February 2013 
34 http://www.americasarmy.com/ accessed 15 December 2011 
35 http://www.seriousgames.org/ accessed 15 December 2011 
36 http://www.mitre.org/ accessed 15 December 2011 
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(2008, p. 211) posits that SimCity and Second Life could foster the development of 

planning simulation models. Gaber (2007, p. 113) proposes to use SimCity as part of the 

city-planning curriculum to enable students to understand the complexity of planning 

decisions. Pahl (1991, p. 165) suggested that city planning students could use SimCity to 

recreate historical man-made and natural disasters to prepare them for the disasters they 

could encounter as future managers.  

Hackathon (2006, p. 12) describes how the U.S. National Oceanic and 

Atmospheric Administration designed an educational island inside Second Life to inform 

the public about the interactions of weather, climate change, and human behavior. NASA 

uses Second Life islands as outreach to the general public and education for children. To 

date, the FAA has not used Second Life.  

 Trends in training 2.3.5

Federal agencies need to attract and train the incoming Millennials. To augment 

the learning experience for that group, DOD is importing content into mobile smart 

devices and using the Web as a collaborative platform for learning. The department is 

using the Massive Open Online Course (MOOC) platform as a communications and 

learning tool, so students can teach themselves using social media (F. DiGiovanni, 

Director, Training Readiness and Strategy, Office of the U. S. Deputy Assistant Secretary 

of Defense, Readiness, personal interview, 3 January 2013). 

A DOD plan called the U.S. Army Learning Concept (ALC) 2015 strives to create 

“adaptive, thinking soldiers” (TRADOC, 2011, p. 5). Based on lessons learned during 

recent conflicts, ALC 2015 recommends leveraging existing and emerging technologies 

to create a distributed, mobile learning system that provides “engaging, relevant, and 

rigorous” learning. The report also (ibid. pp. 22; 39) recommends using peer-based 

learning built on social media, which it recognizes as “a natural part of life in the digital 

age.” Apps will replace classroom instruction in cases where memorizing perishable 

information is less important than referencing up-to-date information. Soldier-created 

content, through Wikis, blogs, digital apps, and videos, will capture local knowledge. 
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ADL has a dedicated mobile learning team and is studying how to best use mobile 

smart devices in support of learning. It is developing a training-and-learning architecture 

that will include experience tracking, learner profiles, content brokering, and competency 

networks (Poltrack, 2013, p. 9). The program supports a site dedicated to mobile 

learning,37 highlighting its support for the DOD mobile learning initiative, as described 

by ALC 2015.  

In another initiative, ADL developed Mobile Access to Supplemental Learning 

Objects (MASLO) — an open source mobile learning development platform.38 Members 

of the mobile team describe the advantage of mobile learning as “leveraging ubiquitous 

mobile technology for the adoption or augmentation of knowledge, behaviors, or skills 

through education, training, or performance while the mobility of the learner may be 

independent of time, location, and space (Haag, 2013, p. 3).” The team is investigating 

the use of mobile smart devices for language and cultural training, eBooks, classroom 

augmentation and transmedia (storytelling across multiple forms of media),39 job aids 

(information or instructions that guide the user on how to perform a task),40 checklists, 

flight charts, and game-based learning and simulation. The program also emphasizes the 

use of social media to allow learners to update training materials based on location and 

context (ibid. pp. 4-11). 

The U.S. Navy is creating computer-based tutoring called Information Warfare 

(IWAR) that would “digitally capture the best instructional practices of highly capable 

tutors (IWAR, 2010, p. S-1). This approach is expected to shorten the time needed by 

trainees to achieve high levels of expertise (ibid. p. 1). 

2.4 Conceptual Model 

The literature review in this chapter describes multiple models of knowledge transfer, 

communications, and learning. Based on the research questions, a new conceptual model, 

                                   
37 http://www.adlnet.gov/capabilities/mobile-learning accessed 18 January 2013 
38 http://www.academiccolab.org/maslo/ accessed 18 January 2013 
39 www.screenaustralia.gov.au/funding/allmedia/definitions.aspx accessed 16 June 2013 
40 http://www.superglossary.com/Definition/Human_Resources_%28HR%29/Job_Aids.html accessed 16 June 2013 
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described below, was developed. It centers on knowledge transfer, particularly the transfer of 

tacit knowledge among members of different generations. In creating this new model, the 

following models were identified as applicable to this research. 

In his knowledge transfer model (Figure 2-4), DeLong (2004, p. 24) portrays knowledge 

retention and transfer through three activities: knowledge acquisition, storage, and retrieval. This 

model pertains to this research because employees in training acquire tacit knowledge through 

OJT, memorize it for future use, and recall and apply it to specific situations on the job. 

Following this model, employees also contribute to the organization’s knowledge bases. 

In Figure 2-5, Sveiby (2001, p. 347) presents a knowledge transfer model that 

distinguishes nine types of tacit knowledge transfer. Three of those types of knowledge transfer 

are relevant to tacit knowledge transfer in a typical work training environment: between 

individuals, from competence to internal structure, and from internal structure to individual 

competence. See Section 2.1.6 for additional details. 

The conceptual model also includes KM principles, which have been defined by other 

experts. For example, Snowden (2012, p. 3) posits that we only know something when we need 

to know it. 

Communications is another part of the conceptual model. In that area, Lin, et al. (2005, p. 

198) describe their “sender-receiver” model where the knowledge sender and the knowledge 

receiver have distinct self-interests and different perceptions of a given situation. See Section 

2.2.2 for more details. 

The conceptual model also includes learning preferences. Hannam & Yordi (2011, p. 11) 

discuss the different learning styles of each generation. While members of older generations 

typically attended formal training classes, younger workers increasingly expect learning to occur 

in the workplace, highlighting the need for different training approaches and venues to address 

their different learning preferences. See Table 2-7 (ibid. p. 11). 

It is challenging for organizations to manage the transition of their workforce from one 

generation to the next. At the level of the individual, experienced employees must figure out how 
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to transfer their knowledge to the new hires while new employees must be receptive to receiving 

that knowledge. 

As these concepts and models are relevant to this study, they provide a basis for the 

creation of the model shown in Figure 2-9, which is tailored to this research. Gaining knowledge 

is the dependent variable of the conceptual model. The following are the independent variables 

(in italics). There are three age groups in the workforce covered by this research study. Each age 

group has its own communications behaviors and learning preferences. All of these variables are 

affected by knowledge principles. 

As described in Section 2.1.2, this research focuses on KM as a process. 

The moderator in this model is the external influences affecting implementation of KM, 

namely, U.S. government policies. The independent variables influence the mediator, namely 

KM, which affects the success of KM implementation in an organization. 

 

Figure 2-9 Conceptual model  
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2.5 Summary 

This research is grounded in the theories, models, and concepts of a wide range of 

thinkers in KM, for example, Delong (2004), Nonaka & Takeuchi (1995), Sveiby (2001), and 

von Krogh, et al. (2001). The importance of tacit knowledge capture and transfer to many types 

of organizations, including ATC, cannot be overstated. Liebowitz, et al. (2007, p. 1128), write 

that, for most organizations, it is exceedingly important to capture and transfer tacit knowledge, 

and success is affected by many factors, such as trust, organizational culture, motivation, and self 

worth (ibid. p. 1138). Focusing on the topic addressed by this study, the authors write that cross-

generational biases also affect knowledge flow within an organization and can result from 

loyalty, work values, communications style, gender, and family values, among other factors 

(ibid. pp. 1138; 1144). Liebowitz, et al. (2007, p. 1123) describe how “edge organizations” 

empower some of their employees in part through knowledge transfer and training programs. 

Although FAA is a hierarchical organization (Mintzberg, 1983, p. 624), the agency fits this 

description of an edge organization as it empowers even the lowest level controllers to make 

critical decisions by relying on their reserves of tacit knowledge. 

The discussion above presented several models of knowledge transfer that are applicable 

to this research. The models of DeLong (Figure 2-4) and Sveiby (Figure 2-5) provide a 

framework for studying intergenerational knowledge transfer in organizations such as the FAA. 

By combining a knowledge transfer process with the importance of value-added knowledge to 

the organization, they highlight the spectrum of knowledge transfer from the creation of 

knowledge to its reuse. This research focuses on one of the complexities inherent to that process: 

intergenerational knowledge transfer. 

The potential of using social software to address knowledge transfer issues is an 

important focus of this research. As social software continues to develop in the 21st Century, its 

emergence is having an important impact on knowledge transfer in today’s workplace. The use 

of social media by the younger generations is pervasive, the cost associated with implementing 

these applications make them attractive to many organizations in today’s era of tight budgets, 

there is a growing appreciation of their value, and ease of use is increasing. These factors argue 

for the utility of social media applications in creating knowledge sharing and transfer approaches 
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that have the potential to appeal to all generations, thereby potentially transcending and 

broaching intergenerational differences that can impede knowledge transfer. 
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Chapter 3: KM Practices, Communications, and Learning in 
the FAA 

3.1 Introduction 

This chapter describes the knowledge management (KM), communications, and learning 

methods used by the United States (U.S.) Federal Aviation Administration (FAA), for air 

traffic controllers, focusing on actual workplace culture, strategies, and practices. It describes the 

operational realities of knowledge transfer in this highly knowledge-centric environment where 

the impending knowledge loss due to retirements is a major concern while, at the same time, 

strategies for knowledge transfer, particularly for tacit knowledge, must ensure that new 

controllers will be able to safely manage air traffic in the National Airspace System (NAS) as 

they gain independence on the job. See Section 1.5 in regard to the anticipated controller 

retirement tsunami. See Table C-3 (extracted from OIG, 2004. p. 16) for the average number of 

years it takes to become a certified professional controller after completion of the formal training 

at the FAA Academy. 

The FAA Chief Operating Officer (COO) D. Grizzle, highlighted the importance 

of KM in his 7 December 2011 broadcast to the Air Traffic Organization (ATO) 

employees, noting the repercussions of the wave of retirements that had recently occurred.  

“The institutional knowledge of our employees is the foundation of a 

healthy organization. People do not show up with it, and it’s not something they 

find in a book or at orientation, or even during formal OJT [on-the-job training]. 

It’s something they acquire after spending many years, maybe decades, with an 

organization.” 

For air traffic controllers, learning and knowledge acquisition, particularly tacit 

knowledge acquisition, occur not only through the training phase but also throughout their 

careers (R. M. Clyburn, ATO Safety Promotion Manager, personal interview, 22 January 2013). 

Controller learning and knowledge acquisition evolve through three basic modalities: formal 
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training, OJT, and standardized knowledge capture and transfer practices, which correspond to 

the training, OJT, and early professional phases (ibid.). During the training phase, FAA transfers 

mission-critical knowledge to newly hired air traffic controllers through a combination of formal 

classroom instruction and computer simulation. This phase is followed by OJT, a lengthy and 

intense mentoring period (ibid.). The importance of knowledge transfer during the OJT phase 

cannot be overstated: much of the tacit knowledge controllers need to perform their work is 

acquired during OJT, whose primary goal is the development of tacit knowledge by each trainee 

(ibid.). Working controllers continue to generate significant amounts of new knowledge that 

must be transferred to other controllers, both new and experienced (ibid.). During all phases, 

knowledge is typically exchanged across the generations, exemplifying the challenges of cross-

generational communications this research addresses (ibid.). 

This research describes the link between the academic literature and various aspects of 

the KM process in the context of the unique conditions in the FAA. Table 2-1 shows four aspects 

of the KM process: (1) organizational culture, (2) organizational structure, (3) organizational 

behavior, and (4) artificial intelligence. By nature, the culture of the FAA ATC is conservative 

and adverse to changes related to the safety and security of the NAS. The hierarchal structure of 

the agency is based on command and control management, which originated in the military. 

However, organizational behavior changes over time, especially when external influences, such 

as governmental policies and outside investigations of safety violation and internal influences 

such as an infusion of new ideas by new employees. The agency is modernizing its NAS 

hardware and software through the use of artificial intelligence. All these activities create new 

knowledge that is both tacit, which has to be shared and transferred, and explicit, which is 

imbedded in agency ATC manuals and knowledge bases.  

3.2 Knowledge and KM 

As noted above, air traffic control (ATC) is a knowledge-intensive profession. Below is 

described how the ATC work environment is one of continuous knowledge creation and the 

implications of this environment and culture for KM in ATC.  
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 KM in the ATC work environment 3.2.1

Each flight can provide opportunities for working controllers to learn and create 

new knowledge because each light is unique, with circumstances, such as varying 

weather patterns, which can affect it (R. M. Clyburn, ATO Safety Promotion Manager, 

personal interview, 22 January 2013). As a result, controllers are often required to 

improvise when facing a situation that is not described in the operational manuals or one 

that they have not encountered in the past. Relying on their expertise and their own tacit 

knowledge, they must quickly find solutions to new problems that arise during takeoff, 

flight, or landing. These new judgments create new tacit knowledge the agency captures 

and transfers to others, i.e., to become explicit and integrated into the body of corporate 

ATC knowledge. Thus, the ATC work environment is characterized by a culture that 

recognizes the importance of creating, capturing, and transferring mission-critical 

knowledge, making this environment particularly auspicious for the study of knowledge 

management (ibid.). See Appendix B-4 for a discussion of the physical ATC work 

environment. 

Through a combination of training and experience, controllers gain explicit and 

tacit knowledge, which leads to development of expert judgment over many years. 

However, operationally they apply only the knowledge required by each situation, which 

is referred to as “just-in-time knowledge (R. M. Clyburn, ATO Safety Promotion 

Manager, personal interview, 22 January 2013).” This knowledge subset is shared with 

the aircraft crews and controllers in airport traffic control towers (ATCT), terminal radar 

control (TRACON) facilities, and en route centers, ensuring a shared understanding of 

processes and events that is critical, as all controllers must coordinate their work with 

each other. For example, after takeoff, an ATCT controller transfers control of the flight 

to a TRACON controller, who transfers it to potentially multiple en route center 

controllers until the process is reversed for landing (ibid.). 

O’Dell & Hubert’s (2011, p. 50) assertion that passing tacit knowledge from one 

person to another is difficult is especially relevant for the FAA ATC community, which 

requires controllers to: create tacit knowledge through shared experience with their 
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coworkers, articulate this new knowledge through reflection and dialogue, acquire 

additional tacit knowledge through practice and simulation, and systematize this tacit 

knowledge so it eventually becomes explicit knowledge available to others. 

These three activities correspond to knowledge transfer types 1, 4, and 5 of Sveiby (2001, 

pp. 349-352) described in Section 2.1.6.  

FAA actively engages in KM practices through its systems and processes to 

capture and transfer knowledge, which integrate knowledge from different types of ATC 

workers (D. Johnson, Terminal Planning Director, personal interview, 27 December 

2012). Following standard procedures, communications between controllers and pilots 

are recorded for each flight: if no errors occur, the data are deleted from the system. 

However, if errors or accidents occur, the data about that flight are preserved to be used 

in the investigation of the accident as well as for training purposes and for adding to the 

body of existing knowledge (ibid.). Though controllers can access this knowledge 

system, during a crisis situation they would not have time to do so but must rely on their 

experience and tacit knowledge to deal with a situation as it develops (ibid.). 

 Organizational trust 3.2.2

A significant amount of knowledge transfer also takes place during OJT, 

involving close interpersonal (and intergenerational) interactions that rely on trust (R. M. 

Clyburn, ATO Safety Promotion Manager, personal interview, 22 January 2013). During 

this phase, intergenerational differences in communication styles and preferences can 

affect trust. Senior controllers must trust that the younger controllers are ready to receive 

their knowledge and use it in support of the FAA's mission. However, anecdotal reports 

suggest that older OJT instructors may consider the new hires to be not ready for their 

unique culture and, as a result, may either fail them or demand additional training. On the 

other hand, as described below, communications differences can impede trust of older 

controllers by the younger controllers in training (ibid.). The criticality of the 

development of tacit knowledge and the documented difficulties in intergenerational 

communications in ATC highlight the importance of this research as well as the 
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appropriateness of ATC as a research environment for studying KM topics such as the 

effect of intergenerational differences on workplace trust. 

3.3 Communications 

Communications is central to this research, as ATC involves a high degree of 

communication to execute the work, train new controllers, and capture and transfer knowledge.  

3.3.1 Communications in ATC 

In the ATC environment, communications covers a wide range of areas, including 

sharing rules of behavior, regulations, and instructions on how to accomplish the work. 

Communications is extremely important in ATC in both face-to-face and non-face-to-

face situations. Controllers usually work in teams in adjacent positions (D. Johnson, 

Terminal Planning Director, personal interview, 27 December 2012). As they converse 

continuously with each other, they must be able to communicate clearly with both 

colleagues and supervisors as well as the pilots of aircraft under their control in a wide 

range of situations. Controllers also must learn the proper phraseology when conversing 

with pilots to ensure their instructions are carried out (ibid.). 

Controllers must not only be able to speak English clearly and coherently, but 

they must also be masters of two-way communication, both sending instructions and 

repeating instructions back to the pilot who receives them. During that process they must 

be able to transmit information to the pilot or their colleagues working in the same or the 

next ATC facility as well as understand the feedback from the pilot to make sure the pilot 

has understood the message (D. Johnson, Terminal Planning Director, personal interview, 

27 December 2012). 

3.3.2 Intergenerational Communications 

Intergenerational communications plays a role in the ATC work environment due 

to the collaborative nature of the work as well as the need for knowledge transfer. Older 

employees, who make up the majority of supervisors and managers in the FAA ATC 
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workforce, must communicate effectively with the young new recruits, largely 

Millennials, so they can transfer their knowledge to them. 

Generational differences in communication styles can hamper intergenerational 

communications (D. Johnson, Terminal Planning Director, personal interview, 27 

December 2012). For example, Millennials generally prefer open communication and 

want to contribute and express their opinions. Older employees — Boomers and Gen 

Xers — may not accept some or all of these attributes. For effective communications to 

take place, older controllers must appreciate differences and learn to communicate with 

the new hires in ways that gain their confidence and help them feel accepted (ibid.). 

The top-down structure of the FAA (described in Chapter 1) does not encourage 

the more experienced controllers to solicit to or appreciate the perspectives of the 

Millennials (D. Johnson, Terminal Planning Director, personal interview, 27 December 

2012). Older controllers often create an environment that is more authoritative than 

collaborative (ibid.). Further, some trainers and mentors have communication styles that 

are counterproductive to interacting with the younger generations, for example, shouting 

or otherwise intentionally provoking fear (ibid.). The resulting atmosphere may hamper 

learning for Millennial trainees. Even more important, these issues can lead to training 

failures that result in a loss of potential talent. There is anecdotal evidence that all these 

phenomena occur during ATC training and mentoring (ibid.). 

3.4 Workplace Learning 

3.4.1 Background 

Controllers need a high-level of tacit knowledge to be able to form expert 

judgments in a wide range of situations (FAA, 2010b. p. 1-1-1). FAA uses a three-prong 

training approach: classroom instruction, computer simulation, and OJT to develop this 

tacit knowledge. It is possible to relate that approach to the work of De Jong & Ferguson-

Hessler (1996, pp. 106-107), who described four facets of tacit knowledge that are 

relevant to controller training: situational, conceptual, procedural, and strategic. Trainee 
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controllers obtain procedural and some strategic knowledge from classroom instruction 

(which includes reading manuals, procedures, and textbooks) at the FAA academy. Using 

a simulator hones this classroom learning and helps develop conceptual knowledge. 

Generally, once controllers complete training at the FAA Academy, they acquire and 

build knowledge by daily on-the-job practice, through mentoring, and by working with 

more experienced controllers over the long-term in their assigned facilities through OJT. 

OJT develops situational knowledge, which new controllers combine with the other three 

types of tacit knowledge to prepare for working in ATC (ibid.). 

OJT instruction is analogous to the relationship between a master craftsman and 

apprentice in a European guild during the Middle Ages, and therefore involves a high 

degree of mentoring (R. M. Clyburn, ATO Safety Promotion Manager, personal 

interview, 22 January 2013). Depending on the type of controller (en route or terminal), it 

takes about two to three years from the time a trainee enrolls in the FAA Academy for 

formal classroom education until he or she becomes a certified professional controller for 

a specific facility (ibid.). 

At the FAA, OJT is a formalized activity for air traffic controllers. The ATC 

training policy gives instructions on using OJT to certify new and existing controllers for 

a given position, describing actions required if additional training is needed or the person 

fails to reach minimum performance standards (FAA, 2012b, Chapter 6). Despite the 

significant value of mentoring, the one-on-one nature of OJT makes it difficult to ensure 

consistency across the trainee workforce. Although the agency strives to standardize its 

ATC training, a report by the U.S. Government Accountability Office (GAO, 2009, p. 3) 

concluded that, at the time of publication, training was not uniform across FAA field 

facilities. In addition, the contractor providing OJT instruction indicated that using 

multiple instructors was ineffective because it created inconsistencies. FAA sought to 

remedy this situation by limiting the OJT instructors to at least two and no more than 

three for each developmental controller (FAA, 2012b, p. 6-2), which improved 

consistency somewhat but did not entirely solve the problem. 

 Developmental controllers must acquire a vast amount of knowledge and skills. 
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They must learn the characteristics and performance of the various aircraft. They must 

know learn the difference between single and shared responsibility and when to transfer 

an aircraft to another controller (R. M. Clyburn, ATO Safety Promotion Manager, 

personal interview, 22 January 2013). As their tacit knowledge grows, they gain an 

appreciation of how much they do not know about ATC, so they can determine when it is 

appropriate and when it is inappropriate to take risks (ibid.). That knowledge enables 

them to deal with a dynamic environment that relies on static rules. As controllers 

become more sophisticated, they rely increasingly on their tacit knowledge to navigate 

their environment (ibid.). 

The agency relies on a KM strategy to develop controllers throughout their 

careers. For professional controllers, it provides recurrent (refresher) training to ensure 

controllers have the operational knowledge they require to perform their jobs (R. M. 

Clyburn, ATO Safety Promotion Manager, personal interview, 22 January 2013). In his 

27 February 2013 broadcast to ATO employees, FAA COO D. Grizzle addressed the 

need for controllers to continue to acquire knowledge incrementally over a protracted 

period of time, emphasizing the importance of recurrent training and its reliance on 

knowledge transfer: 

“Recurrent training is all about proactively reducing safety risk. 

While safety underlies everything we do, recurrent training is conducted 

away from the operation where we can put a singular focus on 

safety. During the instructor-led workshop, participants discuss and reflect 

on real-life scenarios at their facilities and relate them to the principles of 

a safety culture. 

“[ATO is] in the middle of the second round of training right now, 

covering topics like threat and error management, professionalism, and air 

traffic safety action program (ATSAP) reporting. We are collecting more 

safety data now than ever before from ATSAP, comprehensive electronic 

data analysis and reporting (CEDAR), and other methods. Through 

recurrent training, we bring the latest lessons from the data analysis back 
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into the operation. For example, a recurring theme that emerged from 

numerous ATSAP reports was about how OJT could give rise to a 

potential safety event. So as part of the first round of training, we included 

an exercise through which controllers and managers could use the 

principles of crew resource management to improve OJT at their 

facilities.” 

He also stated that recurrent training enhances knowledge exchange by creating 

“a synergy that brings people together at the facility level.” 

3.4.2 Computer Simulation 

Also known as augmented reality, simulation plays an important role in learning 

by developing a trainee’s tacit knowledge. Simulation is a required part of controller 

certification, and facilities with simulation capabilities must provide two hours of 

simulation as part of refresher training (FAA Joint Order 3120.4: Air traffic technical 

training (FAA, 2012b, p. 3-6). Simulation plays a unique role in ATC training in that it 

(1) enables the instructor to act as a pilot while the trainee issues directions during 

different weather and light conditions and (2) displays the same conditions to both 

instructor and trainee to either reinforce learning or correct errors (R. M. Clyburn, ATO 

Safety Promotion Manager, personal interview, 22 January 2013). 

3.4.3 OJT and Mentoring Relationships 

OJT features an extensive period of mentoring, and, as such, is heavily involved 

with the transfer of tacit knowledge. The FAA has incorporated learning and knowledge 

acquisition theories developed by outside experts or practiced in other organizations, as 

described in Section 2.3. For example, Rother’s (2010) description of training at Toyota 

as “working on the real thing,” reflects a similar form of knowledge transfer as the OJT 

that takes place in FAA ATC facilities. See Section 2.3.2 and Figure 2-5 (Sveiby 2001, p. 

347) for an extended discussion of mentoring in the workplace. 
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3.4.4 Serious Games 

To address some of the deficiencies in ATC training, FAA has started to develop 

digital games — vectors, airspace mapping, and aircraft identification — for use in the 

classroom or at operational facilities (G. K. Ballard, ATO Curriculum Manager, personal 

interview, 9 October 2012). The serious games developed by MITRE for the FAA are 

reflected in the model depicted in Figure 2-6 (Nonaka & Konno. 1998); modified in 

O’Dell & Hubert (2011, p. 50). Serious games could become increasingly important 

because they may appeal to the new hires, who grew up with them and may prefer to use 

them in the work environment (ibid.). This research addresses this issue by assessing the 

preference of Millennials for training using the mobile smart devices that would enable 

the delivery of mobile apps for serious games. Results appear in the data analyses in 

Chapter 5, with recommendations in Chapter 6.  

Regardless of how the mobile apps and supporting communications structures are 

implemented, it is not anticipated that they will supersede OJT, but rather will 

supplement the OJT experience (G. K. Ballard, ATO Curriculum Manager, personal 

interview, 9 October 2012).  

3.4.5 Future Trends 

Training needs for air traffic controllers will continue to evolve not only due to 

generational differences but also because of emerging technologies. For example, the 

FAA is implementing a multi-billion dollar program called Next Generation Air 

Transportation System (NextGen), which is transforming the NAS into a satellite-based 

system of air traffic management (D. Johnson, Terminal Planning Director, personal 

interview, 27 December 2012). Automation tools, such as digital navigational aids, may 

eventually decrease the number of controllers needed to operate the NAS as controllers 

work more collaboratively with pilots. Because planes will continually broadcast their 

positions, pilots using NextGen’s global positioning systems (GPS) will be able to see 

other planes and their flight plans, and use that information to fly directly to their 
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destinations. Using these technologies, controllers will spend less time talking to pilots; 

instead, they will send digital instructions to cockpits (ibid.). 

NextGen creates both a KM challenge and opportunity; however, since it is not 

expected to be fully operational until 2025 (Kraus, 2008, p. 161; FAA, 2010a, p. 91) it is 

not a focus of this study. 

3.5 Conceptual Model and the FAA 

The conceptual model (Figure 2-9) depicts the moderator as the external influences 

affecting the implementation of KM in the FAA, namely U.S. government policies. The 

independent variable influences the mediator, namely KM within the FAA, which affects the 

success of KM implementation within the agency. 

The conceptual model is relevant to this research of knowledge-related behaviors in the 

three generations of FAA air traffic controllers. The young controllers in training acquire tacit 

knowledge from older controllers through a lengthy stage of OJT (tacit knowledge transfer), the 

success of which is affected by the communications behaviors and learning preferences of all age 

groups. Controllers rely on KM principles when applying their expert knowledge and experience 

– using what is known in the agency as “just-in-time” knowledge – in responding to a specific 

ATC situation, e.g., an abrupt change in the weather. Government policies affect explicit 

knowledge transfer as controllers obtain explicit knowledge by studying ATC manuals that 

describe the rules of behavior and actions they are expected to take. 

The conceptual model directly addresses the critical importance of the communication of 

knowledge between controllers and aircraft pilots as well as between controller mentors and their 

mentees. This is increasingly important in some situations, when unknown variables may be 

present, such as traffic delays associated with a crash landing or abruptly changing weather. 

Sometimes controllers and pilots fail to communicate properly due to the existence of 

asymmetric information that can lead to a traffic accident. Asiana Airline flight 214 crashed at 

San Francisco International Airport on 6 July 2013. During an investigation by the U.S. National 

Transportation Safety Board hearing on 11 December 2013, it was revealed that “the pilot 
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harbored fears about landing safely while relying on manual controls and a visual approach, but 

did not express them to his fellow crew members because he did not want to fail his training 

mission and embarrass himself.”41 Also complicating communications is the reality of different 

self-interests and perceptions in a given situation. Controllers must take into account all aircraft 

in their airspace while pilots are focused mainly on one plane. Both parties develop perceptions 

based on rapidly evolving information on which they must bring to bear their expert knowledge, 

especially tacit knowledge, and communication skills. 

3.6 External Influences Affecting Implementation 

As an agency of the federal government, the FAA is subject to the federal government’s 

annual appropriations process to define its $15 billion budget (even though most of its funds do 

not come from taxpayer money but from fees and taxes levied on airports and airline tickets). In 

2013, mandatory federal wide budget cuts affected the agency's ability to create new programs 

and improve existing ones. For example, these cuts have delayed the implementation of parts of 

the $22 billion Next generation Air Transportation System (NextGen) system, according to the 

FAA administrator Michael Huerta. 

The annual budget process begins when FAA submits a budget request to the U.S. Office 

of the Secretary of Transportation (OST) approximately 15 months before the beginning of the 

next year fiscal year (which starts on October 1). After several rounds of negotiations, OST 

submits its budget proposal to the White House Office of Management and Budget, which 

develops the President’s budget request that is submitted to Congress. In Congress, House and 

Senate budget committees consider the President's Budget as they prepare their budget 

resolutions. These broad resolutions guide the 12 House and Senate appropriations committees 

and their subcommittees, which draft more detailed legislation that sets actual funding levels. 

The full appropriations committees may modify these bills before sending them to the Senate or 

House for a vote.  

                                   
41 http://www.theguardian.com/world/2013/dec/12/asiana-pilot-feared-landing-safely-ntsb-report accessed 22 April 
2014 
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Political influences play a role in the evolution of the budget especially in Congress 

where committee and subcommittee members add new (and sometimes unfunded) requirements 

reflecting their own political interests. For example, Congress directed the agency to change its 

installation of NextGen equipment by sending equipment to sites not recommended by the FAA. 

Since this was done without adding funds, the agency had to move funds from other areas. 

Politics affects the agency’s ability to manage its budget in other ways. For example, 

congressional opposition to closing facilities hampers FAA’s ability to save money by 

streamlining and consolidating. Other congressional actions waste money, for example, by 

forcing the agency to maintain outdated equipment. 

These types of actions can affect the funding available for improving ATC training, as 

recommended by this research. 

3.7 Conclusion 

In FAA, ATC is a knowledge-centric environment where knowledge is continuously 

captured and transferred both in the training and operational environments. Since a high level of 

knowledge, including tacit knowledge, is required to perform the job, effective knowledge 

transfer, communications, and training are critical to maintaining a qualified ATC workforce. 

If FAA hopes to accelerate training and prepare the next generation of controllers, it must 

create a learning environment pertinent to all. The hiring of thousands of Millennials into the 

ATC workforce brings to the fore the importance of addressing impediments to knowledge 

transfer and highlights the need to increase its efficiency and effectiveness.  

 As described above, FAA’s training practices may be creating sub-optimal conditions for 

developing tacit knowledge in the incoming Millennials. This research addresses those issues by 

studying the knowledge transfer, communications, and learning preferences across the 

generations. It also provides guidance for future training directions to address the needs of the 

new generation, the Millennials, coming into the workforce. 
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Chapter 4: Research Design  

4.1 Introduction 

Following the previous discussion of the theoretical background to the research, this 

chapter describes the research focus, creation of the conceptual model, and deduction of 

hypotheses from the research questions.  

This research studies intergenerational knowledge transfer among certified professional 

air traffic controllers and trainees in the United States (U.S.) Federal Aviation Administration 

(FAA) and students studying air traffic control (ATC). Working in ATC requires in-depth 

knowledge about the steps and decisions that controllers process when handling the diverse 

situations they confront. Knowledge and experience are integral to job performance due to the 

range of technical and safety issues involved and the need to make quick decisions in potentially 

dangerous and rapidly changing conditions. For more information on the work of air traffic 

controllers, see Section B-4. 

In light of the mass retirements of experienced air traffic controllers, knowledge transfer 

has become an increasingly urgent issue for FAA. Complicating knowledge transfer is the fact 

that the members of the younger generations have different preferences for collaboration, 

knowledge transfer, communication, and learning from their older colleagues (Harwood, 2008; 

Harwood, et al. 2000; Oblinger & Oblinger, 2005; Hannam & Yordi, 2011). 

Although traditional KM literature has focused primarily on the creation and transfer of 

knowledge within an organization, many scholars are now studying knowledge transfer across 

organizational boundaries and teams composed of members of different cultures, ages, and 

demographics (e.g., Sveiby, 2001). However, KM theory and research have not adequately 

addressed preferences for knowledge transfer among the different generations in a technical 

work environment (including both operations and training) such as ATC. Thus, this project has 

the potential to contribute to the body of academic literature in this area. 
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4.2 Research Problem 

Knowledge-centric organizations need effective methods of transferring mission-critical 

knowledge. The different knowledge sharing, communications, and learning habits of members 

of the younger generations may require designing new knowledge transfer approaches that would 

be more appealing to and therefore more effective for this cohort than are traditional strategies 

(Smola & Sutton, 2002, pp. 364-367). 

Thus, this research seeks to uncover knowledge transfer preferences for the different 

generations with the goal of determining the benefit to organizations such as the FAA of 

accommodating generational differences when transferring knowledge. Specifically, it seeks to 

address whether the FAA would benefit from augmenting its traditional ATC training by 

broadening its approaches, for example, including social media and mobile smart devices to 

appeal to the younger employees who grew up using those technologies. 

Context: The FAA’s core mission is to provide a safe and efficient aerospace system. To 

accomplish this goal, air traffic controllers must be adequately trained and acquire sufficient 

knowledge that they can safely manage air traffic in the National Airspace System (NAS). To 

replace the large numbers of retiring air traffic controllers, FAA is hiring thousands of new air 

traffic controllers who are members of the younger generations.  

Challenge: FAA needs to attract and train younger air traffic controllers effectively and 

efficiently because the number of mentors may not be sufficient to provide the traditional level 

of on-the-job training. Further, FAA may benefit from accounting for potential for differences in 

preferences for capturing and transferring mission-critical knowledge in the younger controllers, 

challenges that apply to other organizations as well.  

Fact: Air traffic control (ATC) is critically important to the U.S. national security, public 

safety, and economy. 

Focus: Members of the younger generations have different preferences for collaboration 

and transfer knowledge, communicate, and learn differently from their older colleagues. 
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This research is a window of opportunity due to a period of mass retirements of older 

ATC employees and a concomitant recruitment of large numbers of young employees, who are 

entering the workplace with their own cultural norms, habits, and patterns of communications. 

From this situation stem the multiple factors inherent to this study: imminent knowledge loss, an 

urgent need to transfer knowledge, especially tacit knowledge, and generational differences in 

learning, communications, and technology use. The FAA ATC is an appropriate environment for 

this case study as it is a technical work environment facing these issues. This research was 

initiated by convincing FAA executives about the urgency presented by the retirement of the 

Boomers and the potential loss of institutional knowledge. Like many other organizations, FAA 

must quickly develop tacit knowledge in the newly recruited Millennials who are being mentored 

by the retiring Boomers. How to best reach this younger population is the question this research 

explores and seeks to answer. Specifically, FAA must determine how to expedite and enhance 

ATC training for young recruits who rely on technologies such as social media and mobile smart 

devices in their daily lives and may prefer to learn using these technologies at work. A better 

understanding of the norms and preferences for technology, communications, and learning will 

help organizations build effective strategies for knowledge transfer and training of the incoming 

Millennials. 

Summary statement: This research studies three major generations in the workplace — 

Boomers, Gen Xers, and Millennials — to assess their preferences for knowledge, 

communication, and learning approaches to help organizations determine how knowledge can be 

efficiently transferred from experienced air traffic controllers to the younger ones.  

4.3 Survey Theory 

Polls and surveys are part of American life. For example, politicians use polls to measure 

public opinion, the U.S. Bureau of Labor Statistics conducts monthly surveys to determine 

unemployment levels, and retail merchants survey consumer expenditures to manage their 

inventories. 

While the decennial census has been executed in the U.S. 23 times since 1790, the 

empowering constitutional (Article 1, Section 2) language, “in such manner as they shall by law 
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direct” allows Congress to pass a law for taking the census every ten years. The original plan was 

to count every person living in the newly created United States of America and use the results to 

determine representation in the House of Representatives. According to Fowler (2009, pp. 1-2), 

during the 20th century the decennial census has been expanded to collect data about race, age, 

household composition, education, type of housing, and many other characteristics of the people 

surveyed. 

Fowler focuses on three characteristics of surveys similar to the one used in this research: 

(1) the purpose of a survey is to produce quantitative or numerical descriptions about some 

aspects of the study population, (2) the principal way of collecting information is by asking 

people questions, and their answers constitute the data to be analyzed, and (3) information is 

collected from only a fraction of the population. 

4.4 Research Methodology 

The research was designed around the following research question: What are the 

preferences for knowledge capture and transfer among the generations in the ATC workforce, 

particularly in the training environment? 

A modified hypothetical-deductive method was used, following the cycle of empirical 

scientific inquiry (de Groot, 1969, pp. 27-32), as follows: observation — collecting and grouping 

the empirical material and forming tentative hypotheses based on discussions with agency 

management, induction — formulating a hypothesis regarding the new hires and the perceived 

differences between them and other age groups, theory formulation — beginning with 

fundamental presuppositions or assumptions about the agency to deduce results from the data 

analysis, deduction — deriving consequences for the agency from the proving or disproving of 

the hypotheses, testing — testing the hypotheses by administering the questionnaire to examine 

whether initial predictions are correct, and evaluation — assessing the collected data, which 

serves as the basis for making recommendations to the agency. 

The hypotheses (described in Section 4.6) were generated by the modified hypothetical-

deductive method and tested by administering a quantitative survey to a limited sample of FAA 
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employees. Since the research questions center on how and why, there was no requirement for 

control-of-behavior events, and the research focused on current events (Yin, 2009, p. 8).  

 The survey was developed with feedback from the two FAA unions: the National Air 

Traffic Control Association (NATCA) and Professional Association of Aeronautical Center 

Employees (PAACE). A sufficient number of controllers responded to the paper and online 

surveys to allow for the collection of sufficient data. Data collected during the online survey was 

analyzed for other possible uses as well to permit a rigorous academic peer review (Darke, et al. 

1998, p. 279). 

The survey questionnaire focused on three areas: the modes (technologies) the three 

generations use to communicate with their colleagues, each generation’s preferences for methods 

to gain access to and transfer knowledge, and each age group’s preferences for ATC training 

methods. 

The survey was used to collect data from the three age cohorts in the ATC community in 

the FAA. The collected data were analyzed to determine findings, test the hypotheses, and 

present conclusions as well as develop recommendations to FAA management on how to 

improve controller training. Those recommendations are relevant to other organizations 

managing knowledge transfer among the generations. 

Four groups were surveyed: FAA controllers in terminal — ATCT and TRACON — 

facilities, managers (all of whom were controllers), faculty and students at Air Traffic-Collegiate 

Training Initiative (AT-CTI) schools, and Academy instructors and students. The third group 

could not participate in the online survey because of constraints associated with the Paperwork 

Reduction Act (44 U.S.C. 3501 et seq.),42 which requires an approval process external to the 

FAA that can take over a year when more than ten nonfederal employees are surveyed (federal 

employees are exempted from that process). The fourth group took the paper survey before the 

questionnaire went online. 

  

                                   
42 http://www.archives.gov/federal-register/laws/paperwork-reduction/ accessed 15 April 2013 
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Group 1 (N=208) 

§ Controllers (developmental controllers), certified professional controllers (CPC) in 

training, and on-the-Job Training (OJT) instructors/CPC) 

§ Staff specialists 

§ Frontline supervisors 

§ Managers (headquarters managers, operational managers, air traffic managers, 

support managers, and Service Area managers 

Surveys were limited to controllers in terminal facilities throughout the U.S., the three 

geographical service area offices, and FAA headquarters in Washington, DC. 

Group 2 (N=246) 

§ Academy instructors and students 

§ AT-CTI schools faculty and students (Community College of Beaver County, Beaver 

Falls, Pennsylvania, Embry Riddle Aeronautical University, Daytona Beach, Florida, 

and Hampton University, Hampton, Virginia) 

Table 4-1 shows the research population. 

Table 4-1 Survey participants43 

 Location Type Participants 

FAA Terminal Facilities Controllers 45 

 Staff Specialists 6 

 Frontline Supervisors 133 

 Managers 9 

FAA Headquarters Controllers 3 

 Frontline Supervisors 6 

 Managers 6 

FAA Academy Instructors 14 

 Students 115 

AT-CTI Schools Faculty 10 

                                   
43 Internal FAA document (29 June 2012) 
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 Students 107 

4.5 Project Development 

Discussions began with FAA executives in spring 2010. Steve Cooper, Deputy Chief 

Information Officer of the FAA, commented, “We're very interested in expanding KM across the 

FAA and are willing to work with you to help identify sponsors.” During that time period, 

Deborah Johnson, Terminal Planning Director, noted the importance of KM and training to the 

FAA because “we will have to train people differently than we have in the past.” 

Soon after FAA management approved this research project in November 2010, 

discussions were initiated with agency management and union representatives that led to the 

development of the survey instrument to capture the data necessary to support the study. The link 

between the work of the air traffic controllers, institutional knowledge, and KM was the central 

theme of these discussions.  

Survey development process went through three phases. First, different surveys were 

developed to address each of the seven categories of controllers and managers. Management and 

union officials expressed concerns about the practicality of using multiple surveys and about 

having open-ended questions. The second phase responded to those concerns by collapsing the 

seven surveys into one questionnaire and mostly eliminating the open-ended questions, 

addressing the limited amount of time controllers would be expected to have to devote to 

completing the questionnaire. In the third phase, individual questions were reworded to 

accommodate the needs of the ATC workforce. 

An example of feedback on the research design came from Tomas Stockman, Terminal 

Support Contractor, who predicted a problem with open-ended questions. As a result of his input, 

the survey was revised into primarily multiple-choice questions. 

In other input, Anne Marrelli, Senior Psychologist, commented that the survey was long, 

which could result in a low response rate. She advised dividing it into two shorter surveys 

(Communications and Task Learning/Training) and sending them to different samples of the 
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population. This suggestion was not acceptable to either sponsor or the two unions because of the 

number of surveys the ATC workforce was already required to take. 

In May 2011 as the project was being designed, Ms. Johnson described the goal of the 

project as a way to learn “how certified controllers transfer their knowledge, accumulated over 

the past 20 to 30 years to incoming younger controllers. Giora is putting his knowledge 

management expertise to identify the answers to the following questions: how does each age 

group communicate and share knowledge within itself and how do certified controllers 

communicate with and transfer knowledge to younger, less experienced controllers? How can the 

more experienced controllers accelerate tacit knowledge transfer? How can the FAA use mobile 

devices as a platform for next generation training? How is this training different for existing 

versus new controllers?” 

During the design process, she provided extensive feedback that had a major impact on 

the design of the research, such as advising to collapse the original plan for multiple surveys into 

one survey. 

To accommodate contractual requirements between the FAA and NATCA and PAACE, 

the two unions reviewed the survey questions and approved all research conducted with 

controllers and FAA Academy instructors. Agency personnel also reviewed the questions to 

ensure that they met agency policies and other requirements and could generate data that would 

inform the agency about future directions for controller training.  

Concurrently, the university advisors reviewed the survey questions to ensure they met 

academic requirements. 

4.6 Hypotheses 

Research hypothesis. The overarching research hypothesis is that members of the 

younger generations prefer to use the technologies they use in their private lives, such as social 

media and mobile smart devices, to collaborate and to capture, retrieve, and transfer knowledge 

in the workplace. 
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Each hypothesis is tested as follows: Boomers versus Gen Xers, Boomers versus 

Millennials, and Gen Xers versus Millennials. 

Hypothesis 1: Older air traffic controllers prefer fewer modes of communications and 

use them less frequently than do younger controllers. 

Hypothesis 2: Older air traffic controllers search longer for and share less information 

than do younger controllers. 

Hypothesis 3: Older air traffic controllers find classroom instruction, instruction 

materials, and computer simulation less effective than do younger controllers. 

Hypothesis 4: Older air traffic controllers find laboratory simulation and online 

databases less effective than do younger controllers. 

Hypothesis 5: To transfer mission-critical knowledge in the FAA, older air traffic 

controllers use KM principles less than do younger controllers. 

Hypothesis 6: Older air traffic controllers catalog and store information about tasks more 

than do younger controllers. 

Hypothesis 7: Older controllers disseminate information about tasks less readily than do 

younger controllers. 

H1 and H2 are associated with Communications Behavior Within Groups. H3 and H4 are 

associated with Learning Preferences. H5, H6, and H7 are associated with Knowledge 

Principles. All hypotheses are associated with Age Groups. See Figure 2-9. 

4.7 Research Questionnaire 

The questionnaire supporting this research was conducted both as a paper and an 

electronic survey. To comply with U.S. federal regulations, a paper survey was used at the three 

aeronautical schools. It was also used at the FAA Academy before the questionnaire was posted 

online. The rest of the respondents took the online survey. 
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Fenlason & Suckow-Zimberg (2006, p. 186) posit that, taken together, there do not 

appear to be differences between the two methods in obtaining the quantitative results. The only 

difference between the two instruments here is that the paper survey did not include some 

questions covered in the demographic section of the research instrument, for reasons discussed 

later in this section. 

The survey questions expand on three general questions that were the basis for the design 

of the research questionnaire: Whose knowledge do you use in your work? Who uses your 

knowledge in their work? What type of knowledge do you use in your work? 

The survey is divided into four sections as follows: Communications — identifies 

similarities and differences among age groups in how they communicate with each other and use 

social media tools, Task — determines how different age groups approach a planning 

assignment, Training — collects information on what controllers think about their classroom and 

facility-based training, and Demographics — collects anonymous, personal information about 

respondents regarding their age, gender, length of service, and level of education. 

Since the research focuses on knowledge capture and transfer preferences of the three age 

groups, the questionnaire contains several entries directly related to those topics, such as the 

following questions, which relate to all the hypotheses listed in Section 4.6: 

§ Q1-10, when you seek work-related information, identify whom you approach. 

§ Q1-12, indicate how often you approach the people you listed in Q1-10.44  

§ Q1-15, indicate how often the people you listed approach you. 

§ Q1-19, during the past month, how often did you do what you indicated in Q1-18?45  

Questionnaire structure. The 11 figures in Appendix D are screenshots of each page of 

the online survey. 

The survey’s opening page, Figure D-1, provides background information about the ATC 

research project, mentions the collaboration between the FAA and the University of Groningen, 

                                   
44 Q1-10, when you seek work-related information, identify whom you approach. 
45 Q1-18, during the past month, which of the following did you do? 
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the Netherlands, and provides definitions for terms the controllers may be unfamiliar with. In 

addition, participants were requested to include the three-letter identifier for their facility. 

Section 1 of the survey, pages 2 through 4, is shown in Figures D-2 through D-5. 

Section 2 of the survey, page 5, is shown in Figure D-6. 

Section 3 of the survey, pages 6 through 8, is shown in Figures D-7 through D-9. 

Section 4 of the survey, page 9, shown in Figure D-10, is the version the controllers used. 

Students and faculty in the aeronautical schools used a slightly different version that omitted four 

questions that were not relevant to them, as follows:  

§ Q4-1. Identify where you work. 

§ Q4-6. Identify how long you have been in the federal government (excluding military 

service. 

§ Q4-7. Identify how long you have been in the FAA. 

§ Q4-9. Identify the number of years before your expect to retire. 

Students and faculty in the aeronautical schools and students and instructors at the 

Academy also had one different question, as follows: 

§ Q4-2. Identify your position. 

o Participants at the FAA Academy were asked to identify themselves as either 

students or instructors. 

o Participants at the three aeronautical schools were asked to identify themselves as 

either students or faculty. 

When a participant reached the bottom of page 9 of the online survey, he or she clicked 

the “submit” button to save the data on the server. After submitting the survey, a thank you page 

was displayed (Figure D-11). 
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Each completed survey form received a unique identification number. The identification 

numbers were added manually to each of the paper surveys, while the server added a unique ID 

to each online survey based on the facility where the participant worked. 

Most of the original survey responses are measured using a five-point Likert scale in 

which a high number (5) is a better score than a low value (1). N/A is null. Research has shown 

that a five-point scale is optimal in many situations (Edgar & Geare, 2005, p. 537). White, et al. 

(2005, p. 423) state that most researchers use closed-format questions like the Likert scale. 

O’Neill (2007)46 describes best practices as (1) using scales with accurate labels and (2) avoiding 

the use of time-bound labels. 

4.8 Links Between the Questionnaire and the Literature Review 

In 1997, Allee (p. 72) posited that knowledge is self-organizing and seeks a community, 

noting that employees communicate with their peers and even strangers when seeking work-

related knowledge. More recently, much of that communication is taking place through online 

communities and social media. While those technologies have greatly expanded the capacity for 

knowledge transfer in public and private life, evidence is emerging that the generations do not 

use them in the same way or with the same frequency. Evidence continues to emerge that 

generational differences play a major role in the work environment. In studying intergenerational 

communications preferences, Hannam & Yordi (2011, p. 9) find that Millennials rely heavily on 

social media but are not confident that older workers appreciate these technologies. According to 

Morris & Venkatesh (2000, p. 398), age matters when people decide whether to adopt new 

technologies. 

The goal of this study is to determine how people of different generations prefer to 

capture and transfer knowledge in both training and operational work environments. 

Ascertaining age-related differences in both the training and operational environments of ATC 

has direct implications for designing knowledge sharing and training programs in public and 

private organizations. While such differences can hamper knowledge sharing and training, they 

                                   
46 O’Neil, G. (20 November 2007). Likert scale & surveys – Best practices. [Web log]. Accessed 18 January 2013 at 
http://intelligentmeasurement.wordpress.com/2007/11/20/likert-scale-surveys-best-practices/. 
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also offer organizations the potential to address differences by providing the preferred modes to 

their multigenerational workforce as well as to capitalize on the Millennials’ high-level 

technology skills to enable a two-way intergenerational knowledge transfer.  

This research builds on previous studies and existing theories of and thinking in 

knowledge transfer, communications, and learning, adding the dimension of intergenerational 

knowledge transfer in both training and operational environments as the unique focus of the 

project. 

The KM literature has developed concepts and models that underlie the questions in the 

research questionnaire. For example, DeLong (2004, pp. 11, 21) writes that the purpose of KM is 

to retrieve knowledge and reuse it in new situations, and Svieby (2001, p. 349) contends that 

knowledge transfer occurs when employees communicate with each other. Their models (see 

Section 2.1.6) provide the conceptual basis for this research by describing how employees retain 

and transfer knowledge through acquisition, storage, and retrieval. In the ATC environment, 

these activities are done between individuals (trainer and trainee) during OJT. When trainees 

acquire new knowledge in situations they have not encountered previously, working with their 

instructors, they add to their tacit knowledge, knowledge to be recalled at a later day when they 

need it. These practices are in keeping with DeLong (2004, pp. 22-23), who lists three categories 

of knowledge: social knowledge exists in the relationships between people or within groups 

(knowledge transfer issues), cultural knowledge reflects a collective understanding of how things 

are done in an organization, including modes of thinking and expected behaviors that lead to 

acceptance as a group member (knowledge is transferred only when trust is present and who 

works with who), and structural knowledge is embedded in an organization's systems, processes, 

tools, and routines (knowledge bases and ATC manuals). 

The research questionnaire directly assessed preferences for knowledge capture and 

transfer, while the demographic information collected allowed comparisons of these preferences 

among different generations of air traffic controllers, controller students, instructors and faculty, 

and managers at the FAA and its associated educational facilities. The first section of the 

questionnaire, communications, queried respondents on their preferences for communicating and 

using social media tools with the goal of determining whether these preferences are different for 



 
 

 94 

members of different generations. For example, Q1-1 and 2 queried respondents about their use 

of social media such as Facebook and LinkedIn (e.g., by creating or reading posts), and the 

frequency of that use. The communications section also asked respondents how they prefer to 

receive information, e.g., by phone, email, text, or social network (Q1-6, 8, 11, and 14) and the 

frequency (Q1-7, 9, 15, and 12) of use. Assessing knowledge transfer with an age dimension, 

Q1-10 asked respondents whom they approach when seeking work-related information: a same-

age colleague or a younger or older one. Q1-11 asked respondents how they approach those 

people, through a landline or mobile phone, email, text, face-to-face, or social network, as well 

as (Q1-12) how often they seek information. 

Other questions in the communications section also reflect knowledge transfer theory, 

while directly assessing generational differences in knowledge transfer tools and approaches. 

Q1-13, asked “if someone seeks work-related information from you, identify who approaches 

you,” requiring respondents to choose among a same-age colleague or a younger or older one, 

while Q1-14 inquired how the respondent was approached — through a landline or mobile 

phone, email, text, face-to-face, or social network, and Q1-15 asked “how often the people you 

listed approach you.” 

Assessing preferences for knowledge capture and transfer, Q1-18 asked respondents how 

they captured or transferred knowledge, e.g., located experts, knowledge, or lessons learned and 

Q1-19 asked the frequency of those actions. Additional questions assessed knowledge transfer as 

well as trust. Researchers posit that knowledge transfer is a social activity (Allee, 1997, p. 72; 

DeLong 2004, pp. 22-23) and that socializing at work fosters trust. Lesser (2002, pp. 6-9) 

contends that trust is necessary for accepting useful knowledge. In that vein, Q1-16, asked 

respondents to indicate whom they eat meals or socialize with at work, asking them to choose 

among a same-age colleague, a younger or older colleague, and their supervisor or manager. 

The second section of the questionnaire gave respondents a task to complete, to 

determine their knowledge capture and transfer preferences, for example, written documentation, 

social media, face-to-face meetings, texting, and online searching. The task required respondents 

to imagine a group training discussion on the most appropriate response level a controller would 

require from a pilot. (Controllers must know when a pilot must read information back to them, to 
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ensure the pilot fully understood the information, and when a simple acknowledgment would 

suffice.) 

In Q2-1, respondents were asked how they would capture the assignment (e.g., memorize 

it, write it down, or post it to a social media site), and in Q2-1 and Q2-2 they were asked how 

they would find the answer (e.g., ask or text a colleague, search online, text, or post to a social 

media site). In Q2-3, they indicated how they would capture the information (e.g., write it down 

or post it online or to a social media site). In Q2-4 and 5, they indicated how they would transfer 

the knowledge (e.g., write it down, collaborate in the cloud email, use email, or communicate 

orally). Like the communication section, the task section sought to determine whether there are 

generational differences in preferences for knowledge capture and transfer approaches. 

Specifically addressing knowledge capture and transfer theory and approaches, Sveiby 

(2001, pp. 349-351) states that knowledge transfer occurs when employees capture knowledge in 

databases and make it available to other individuals within the organization. DeLong (2004, pp. 

23-24) writes that employees transfer knowledge through the continuum of acquisition, storage 

(in knowledge bases), and retrieval.  

The third section of the questionnaire explored preferences for different modes of 

training, knowledge capture and transfer tools, and collaboration. In studying generational 

learning preferences, Hannam & Yordi (2011, p. 11) write that each generation has its preferred 

learning style, and they (ibid. p. 16) posit that the three generations bring different ideas, 

challenges, and opportunities to the workplace. Evidence is also emerging that Millennials prefer 

to learn new skills using collaborative technologies (Lancaster & Stillman, 2002, pp. 27-32; 

Smola & Sutton, 2002, p. 381). 

This section began (Q3-1) by asking respondents to rate the effectiveness of existing 

training methods: classroom lectures, mentoring, simulations, study guides, and Web-based 

training, and Q3-2 asked their views of the effectiveness of two potential future training 

methods: peer assist and mentoring programs. 

Focusing on knowledge transfer tools and approaches, Q3-3 to Q3-4 asked respondents 

their views of the value of future resources as well as policies promoting their use. These 
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questions solicited opinions about the effectiveness of electronic documents, FAQ databases, lab 

simulations, message boards, best practices database, and time and financial support for 

mentoring and peer assist. In Q3-5 through Q3-7, the questionnaire assessed collaboration 

preferences, including the amount of time respondents prefer to spend interacting with others. It 

also solicited opinions about the effectiveness of various approaches to encourage collaboration, 

such as interactive simulations and peer assist programs. 

Addressing another question central to the research, Q3-8 queried respondents on their 

view of the effectiveness of using a mobile device, such as Apple iPad or an Android tablet, 

during training, including its effectiveness for encouraging collaboration with peers. Q3-9 asked 

respondents what resources they would want on a mobile device, such as training documents, 

interactive scenarios, or class material. Querying the type of keyboard preferred, Q-3-10, related 

to learning, memorization, and serious games researched by Garris, et al. (2002, p. 445). 

The remainder of the third section continued to explore knowledge management issues in 

a training context. Q3-11 and 12 asked which knowledge management resources respondents 

would prefer for training and collaborating in an operational environment, such as a best 

practices database, standard operating procedures, communities of practice (COP), and expert 

directories. O’Dell & Grayson (1998, p. 12) wrote that the transfer of best practices helps other 

employees “learn better, faster, and more effectively.” Beazely, et al. (2002, p. 191) posit that 

COPs provide space for knowledge exchange. 

The questions in the questionnaire have their conceptual basis in KM theory and practice, 

as noted above and described in more detail in Chapter 2, and address concepts, approaches, and 

tools of the field. In this research, communications and learning were studied in the context of 

knowledge transfer. The research described above builds on and adds to existing knowledge of 

these three areas by assessing knowledge capture and transfer preferences in a multigenerational 

workforce in both the training and operational environments of a large, complex organization. 
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Chapter 5: Results 
5.1 Introduction 

As indicated in Chapter 1, Lancaster & Stillman (2002) defined the three age groups in 

the workplace (Table 1-1). Figure 5-1 shows the age breakdown of controllers in the United 

States (U.S.) Federal Aviation Administration (FAA). 

 

Figure 5-1 Controller workforce age distribution in terminal facilities47 

Because the research instrument aggregates the controllers’ ages into five-year segments, 

two of which do not fit neatly into Lancaster & Stillman’s description in Table 1-1. Table 5-1 

depicts the way this research breaks down the controller age groups by the time period of their 

birth, as of 17 July 2012. 

Table 5-1 Controller age groups 

Group Born Between Age 

Boomers 1946-1962 50 years and older 

Gen Xers 1963-1982 30 to 49 years 

Millennials 1983-1999 29 years and younger 

                                   
47 FAA internal document (17 July 2012) 
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In addition to the conceptual model (Figure 4-2), other forces — both external and 

internal — affect the work of the air traffic control workforce and its supporting organizations in 

the agency. These influences are discussed in Chapter 4. 

The data analysis was conducted using IBM SPSS Statistics. General information about 

the data file is described in Appendix E. 

A breakdown of all the participants in the survey is shown in table 5-2. 

Table 5-2 Participants in the survey 

   Frequency Percent Valid percent Cumulative 
percent 

Valid 

1 24 and younger 98 21.5 21.6 21.6 

2 25-29 103 22.6 22.7 44.3 

3 30-34 58 12.7 12.8 57.0 

4 35-39 18 3.9 4.0 61.0 

5 40-44 33 7.2 7.3 68.3 

6 45-49 51 11.2 11.2 79.5 

7 50-54 60 13.2 13.2 92.7 

8 55-59 26 5.7 5.7 98.5 

9 60-64 6 1.3 1.3 99.8 

10 65 and older 1 .2 .2 100.0 

Total 454 99.6 100.0  

Missing System 2 .4   

Total  456 100.0   

Statistical participation is shown in table 5-3. 

Table 5-3 Generational participation 

   Frequency Percent Valid percent Cumulative 
percent 

Valid 

1 Millennials 201 44.1 44.3 44.3 

2 Gen Xers 160 35.1 35.2 79.5 

3 Boomers 93 20.4 20.5 100.0 

 Total 454 99.6 100.0  
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Missing System 2 .4   

Total  456 100.0   

In the data analysis, no response (coded as N/A) was treated as missing data. 

See Appendix F for the associated frequency and reliability tables. 

See Appendix G for descriptive statistics of independent variables and Appendix H for 

descriptive statistics of dependent variables. 

5.2 Results 

5.2.1 Hypothesis 1 

Older air traffic controllers prefer fewer modes of communications and use them 

less frequently than do younger controllers. 

The questions associated with this hypothesis are as follows: 

Q1-1. For the following, indicate how you use each medium. This question has 

several subsections and is discussed further below. 

Q1-2. For the following, indicate your level of use for each medium. This 

question has several subsections and is discussed further below. 

Q1-7. Indicate how often you communicate with your friends and colleagues 

using the following methods. This question has several subsections and is discussed 

further below. 

Q1-8. Indicate how you prefer your friends and colleagues (both inside and 

outside the agency) to communicate with you. 

Q1-9. Indicate how often your friends and colleagues communicate with you 

using the following methods. This question has several subsections and is discussed 

further below. 
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Q1-12. Indicate how often you approach the people you listed in Q1-10.48 This 

question has several subsections and is discussed further below. 

Q1-15. Indicate how often the people you listed approach you. This question has 

several subsections and is discussed further below. 

The findings confirm this hypothesis. 

 The questions associated with this hypothesis dealt with six different areas of 

social communications modes: landline, mobile, e-mail, texting, social network, and face-

to-face. Boomer respondents preferred only landline and e-mail over younger controllers, 

while younger controllers preferred the other four communications modes. The only area 

that showed unexpected results was face-to-face communications. That result may 

indicate that, in an environment where a high degree of tacit knowledge transfer is 

required, it is important for new employees to gain mission-critical knowledge from their 

mentors or OJT instructors. 

For social media active use in Q1-1, Millennials used active social media more 

frequently (M=3.38) than did either Gen Xers (M=2.16) or Boomers (M=1.58) as shown 

in Table I-1. The mean scores for Gen Xers and Boomers were not significantly different 

(Table I-3). The data indicated that Millennials use social media tools at higher rate than 

do the other two generations. 

For social media passive use in Q1-1, Millennials used passive social media more 

frequently (M=4.06) than did either Gen Xers (M=3.04) or Boomers (M=2.74), as shown 

in Table I-4. The mean scores for Gen Xers and Boomers were not significantly different 

(Table I-6). The data indicated that Millennials use social media tools at higher rate than 

do the other two generations. 

For frequency of social media use in Q1-2, Millennials used social media more 

frequently (M=3.0972) than did either Gen Xers (M=2.3574) or Boomers (M=2.1729), as 

shown in Table I-7. The mean scores for Gen Xers and Boomers were not significantly 

                                   
48 Q1-10, when you seek work-related information, identify whom you approach. 
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different (Table I-9). The data indicated that Millennials use social media tools at higher 

rate than do the other two generations. 

For preference of incoming communications modes in Q1-8, Gen Xers and 

Boomers (16 participants each) preferred to use landline phones more than Millennials 

(12 participants). Mobile phones were most popular with Millennials (91 participants) 

and their popularity declined with age (68 Gen Xers and 35 Boomers). Most Millennials 

(six participants) did not like to use email, and use increased with age (21 Gen Xers and 

26 Boomers). As shown in Table I-10, Millennials (74 participants) preferred texting, and 

its popularity declines with age (50 Gen Xers and 12 Boomers). They (17 participants) 

also preferred to use social networks while Gen Xers (five participants) and Boomers 

(three participants) used them much less. 

The following results reflect outgoing communications modes: landline phone, 

mobile phone, e-mail, texting, social networks, and face-to-face. 

For landline phone use (Q1-7A, Q1-9A, Q1-12A, Q1-15A), Millennials used 

landline phones less frequently (M=1.8569) than did either Gen Xers (M=2.1970) or 

Boomers (M=2.4481), as shown in Table I-11. The mean scores for Gen Xers and 

Boomers were not significantly different (Table I-13). The data indicated that use of 

landline phones was least popular with Millennials and most popular with Boomers. 

For mobile phone use (Q1-7B, Q1-9B, Q1-12B, Q1-15B), Millennials used 

mobile phone more frequently (M=3.7962) than did either Gen Xers (M=3.3189) or 

Boomers (M=3.1502), as shown in Table I-14. The mean scores for Gen Xers and 

Boomers were not significantly different (Table I-16). Of the groups, Millennials used 

mobile phones the most, while Boomers used them the least. 

For e-mail use (Q1-7C, Q1-9C, Q1-12C, Q1-15C), Millennials used email usage 

less frequently (M=2.5328) than did either Gen Xers (M=3.0069) or Boomers 

(M=3.4194), as shown in Table I-17. The mean scores for Gen Xers and Boomers were 

significantly different (Table I-19). The data show that email popularity was highest with 

Boomers and lowest with Millennials. 
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For texting use (Q1-7D, Q1-9D, Q1-12D, Q1-15D), Millennials used texting more 

frequently (M=4.1846) than did either Gen Xers (M=3.3669) or Boomers (M=2.6724), as 

shown in Table I-20. The mean scores for Gen Xers and Boomers were significantly 

different (Table I-22). The data show that texting usage was highest by Millennials and 

lowest by Boomers. 

For social network use (Q1-7E, Q1-9E, Q1-12F, Q1-15F), Millennials used social 

network more frequently (M=3.3302) than did either Gen Xers (M=2.3297) or Boomers 

(M=2.0191), as shown in Table I-23. The mean scores for Gen Xers and Boomers were 

not significantly different (Table I-25). The data indicated that social network use 

decreases from Millennials to Boomers. 

For face-to-face use (Q1-12E, Q1-15E), Millennials used face-to-face 

communications as frequently (M=4.2925) as did Gen Xers (M=4.0759) and more 

frequently than did Boomers (M=3.8389), as shown in Table I-26. The mean scores for 

Gen Xers and Boomers were not significantly different (Table I-28). In spite of popular 

opinion and general observations that Millennials tended to shy away from face-to-face 

interactions (for example, they could often be seen in close proximity texting to each 

other rather than engaging in live conversation), Millennials in this study showed a higher 

rate of face-to-face preference than Gen Xers and Boomers. This may be due to their 

eagerness to learn more quickly from their elders to master their job-related skills. 

5.2.2 Hypothesis 2 

Older air traffic controllers search longer for and share less information than do 

younger controllers. 

The question associated with this hypothesis is as follows: 

Q2-2. How did you find the answer? 

The data are equivocal for the hypothesis: Older air traffic controllers search 

longer for and share less information than do younger controllers. 
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For Q2-2, “How did you find the answer?” the generations were compared with a 

Chi-square analysis as shown in Table I-29. Overall, the distribution of responses were 

different by generation as indicated by the significant Chi-square (Chi-square=6.577, 

p<.05). 

49.0 percent of Millennials asked a colleague, compared with 41.2 percent of Gen 

Xers and 37.6 percent of Boomers. 

47.5 percent of Millennials searched online, compared with 55.6 percent of Gen 

Xers and 61.3 percent of Boomers. 

2.5 percent of Millennials texted a colleague, compared with 1.9 percent of Gen 

Xers and 1.1 percent of Boomers. 

No Boomers posted a question to a social media site, compared to 1.0 percent of 

Millennials and 1.2 percent of Gen Xers. 

The data are equivocal about this hypothesis. 

5.2.3 Hypothesis 3 

Older air traffic controllers find classroom instruction, instruction materials, and 

computer simulation less effective than do younger controllers. 

The questions associated with this hypothesis is are follows: 

Q3-1. How effective to you are (were) the following methods used in ATC 

training? This question has several subsections and is discussed further below. 

Q3-2. If the following resources were implemented in your training, how much do 

you think they would have helped you? This question has several subsections and is 

discussed further below. 

The findings confirm this hypothesis. 
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For classroom lecture effectiveness (Q3-1A), Millennials rated classroom lectures 

as more effective (M=3.6343) than did either Gen Xers (M=3.1932) or Boomers 

(M=3.1765), as shown in Table I-31. The mean scores for Gen Xers and Boomers were 

not significantly different (Table I-33). The data indicate that the effectiveness of 

classroom lectures is highest with Millennials and lowest with Gen Xers and Boomers. 

For mentoring effectiveness (Q3-1B), Millennials rated mentoring as effective 

(M=3.8761) as did Gen Xers (M=3.6634) and more effective than did Boomers 

(M=3.5213), as shown in Table I-34. The mean scores for Gen Xers and Boomers were 

not significantly different (Table I-36). The data indicate that for Millennials mentoring is 

the most effective, while for Boomers and Gen Xers it is the least effective. 

For simulation effectiveness (Q3-1C), Millennials rated simulations as more 

effective (M=4.1680) than did either Gen Xers (M=3.7278) or Boomers (M=3.7639), as 

shown in Table I-37. The mean scores for Gen Xers and Boomers were not significantly 

different (Table I-39). The data show that simulation effectiveness is highest with 

Millennials and lowest with Gen Xers and Boomers. 

For study guide effectiveness (Q3-1D), Millennials rated study guides as more 

effective (M=3.7256) than did either Gen Xers (M=3.2284) or Boomers (M=3.0761), as 

shown in Table I-40. The mean scores for Gen Xers and Boomers were not significantly 

different (Table I-42). The data show that study guide effectiveness is highest for 

Millennials and lowest for Boomers and Gen Xers. 

For Web-based training effectiveness (Q3-1E), Millennials rated Web-based 

training as effective (M=3.1791) as did Gen Xers (M=3.0464) and more effective than 

did Boomers (M=2.7585), as shown in Table I-43. The mean scores for Gen Xers and 

Boomers were not significantly different (Table I-45). The data show Web-based training 

effectiveness is highest for Millennial and Gen Xers and lowest for Boomers. 

For mentoring program effectiveness (Q3-2A), Millennials (M=3.9630) is about 

the same as for Gen Xers (M=3.9161), which is about the same as for Boomers 

(M=3.7388), as shown in Table I-46. The mean scores for all three generations were not 
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significantly different (Table I-48). The data show that mentoring program effectiveness 

is the same for all age groups. 

For peer assist effectiveness (Q3-2B), Millennials (M=3.7928) is about the same 

as for Gen Xers (M=3.8755), which is about the same as for Boomers (M=3.6105), as 

shown in Table I-49. The mean scores for all three generations were not significantly 

different (Table I-50). The data show that peer assist effectiveness is highest for Gen 

Xers Millennials and lowest for Boomers. 

 Hypothesis 4 5.2.4

Older air traffic controllers find laboratory simulation and online databases less 

effective than do younger controllers. 

The question associated with this hypothesis is as follows: 

Q3-3. If the following tools were implemented in your training, how much do you 

think they would have helped you? This question has several subsections and is discussed 

further below. 

The findings confirm this hypothesis. 

For electronic documents effectiveness (Q3-3A), Millennials rated electronic 

documents as more effective (M=4.0629) than did either Gen Xers (M=3.7062) or 

Boomers (M=3.4560), as shown in Table I-52. The mean scores for Gen Xers and 

Boomers were not significantly different (Table I-54). The data show that electronic 

documents effectiveness is highest for Millennials and lowest for Boomers. 

For frequently asked questions (FAQ) database effectiveness (Q3-3B), 

Millennials rated FAQ databases as effective (M=3.9548) as did Gen Xers (M=3.7360) 

and more effective than did Boomers (M=3.3736), as shown in Table I-55. The mean 

scores for Gen Xers and Boomers were significantly different (Table I-57). The data 

show FAQ database effectiveness is highest for Millennials and lowest for Boomers. 



 
 

 106 

For laboratory effectiveness (Q3-3C), Millennials rated laboratories as more 

effective (M=4.3937) than did either Gen Xers (M=3.8894) or Boomers (M=3.8059), as 

shown in Table I-58. The mean scores for Gen Xers and Boomers were not significantly 

different (Table I-60). The data show that laboratory effectiveness is highest for 

Millennials and lowest for the other two age groups. 

For message boards effectiveness (Q3-3D), Millennials rated message boards as 

effective (M=3.2726) as did Gen Xers (M=2.9500) and more effective than did Boomers 

(M=2.4873), which is higher than for Boomers (2.4873), as shown in Table I-61. The 

mean scores for Gen Xers and Boomers were significantly different (Table I-63). The 

data show that message boards effectiveness is highest for Millennials and lowest for 

Boomers. 

5.2.5 Hypothesis 5 

To transfer mission-critical knowledge in the FAA, older air traffic controllers 

use KM principles less than do younger controllers. 

The question associated with this hypothesis is as follows: 

Q1-19. During the past month, how often did you do what you indicated in Q1-

18? This question has several subsections and is discussed further below.  

The findings confirm this hypothesis. 

The data analysis shows no impact by the different age groups on this hypothesis 

in two areas and significant impact by the different age groups in four other areas. 

For Q1-19A “How often did you locate experts in the agency?” Millennials 

located experts in the agency more often (M=3.26) than did either Gen Xers (M=2.79) or 

Boomers (M=2.65), as shown in Table I-64. The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-66). The data indicate that Millennials located 

experts in the agency more often then did the other age groups. 
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For Q1-19B, “How often did you find specific information?” Millennials found 

specific information in the agency (M=3.53) as often as for Gen Xers (M=3.38), which is 

about as often as for Boomers (M=3.24), as shown in Table I-67. The mean scores for all 

three generations were not significantly different (Table I-69). The data show that all 

three age groups are likely to find specific information roughly as often. 

For Q1-19C, “How often did you identify lessons learned?” Millennials identified 

lessons learned in the agency as often (M=3.55) as did Gen Xers (M=3.36) and more 

often than did Boomers (M=2.83), as shown in Table I-70. The mean scores for Gen Xers 

and Boomers were significantly different (Table I-72). The data indicate that Millennials 

identify lessons learned the most, and usage decreases with age. 

For Q-19D, “How often did you identify initiatives taking place?” Millennials 

identified initiatives taking place in the agency as often (M=2.90) as did Gen Xers 

(M=2.65) and more often than did Boomers (M=2.33), as shown in Table I-73. The mean 

scores for Gen Xers and Boomers were significantly different (Table I-75). The data 

indicate that Millennials and Gen Xers identify initiatives taking place more than 

Boomers. 

For Q1-19E, “How often did you share work information with others?” 

Millennials (M=3.81) is about the same as for Gen Xers (M=3.86), which is about the 

same as for Boomers (M=3.69), as shown in Table I-76. The mean scores for all three 

generations were not significantly different (Table I-78). The data indicate that all age 

groups share work information to the same degree. 

For Q1-19F, “How often did you build and maintain body of knowledge?” 

Millennials built and maintained a body of knowledge in the agency as often (M=4.00) as 

did Gen Xers (M=3.70) and more often than did Boomers (M=3.17), as shown in Table I-

79. The mean scores for Gen Xers and Boomers were significantly different (Table I-81). 

The data indicate that Millennials build and maintain a body of knowledge, and this 

activity decreases with age. 
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5.2.6 Hypothesis 6 

Older air traffic controllers catalog and store information about tasks more than 

do younger controllers. 

The question associated with this hypothesis is as follows: 

Q2-3. How did you capture the information? 

The data are equivocal for this hypothesis. 

For Q2-3, “How did you capture the information?” the responses by generation 

were compared with a Chi-square analysis as shown in Table I-82. Overall, the 

distribution of responses were different by generation as indicated by the significant Chi-

square (Chi-square=24.400, p<.05). 

68.2 percent of Millennials wrote the information down in a notebook, compared 

with 53.8 percent of Gen Xers and 56.5 percent of Boomers. 

29.7 percent of Millennials typed it up, compared with 38.1 percent of Gen Xers 

and 27.2 percent of Boomers. 

2.1 percent of Millennials posted it in an online document, compared with 7.5 

percent of Gen Xers and 16.3 percent of Boomers. 

No Millennials or Boomers posted it to a social media site, compared to .6 percent 

of Gen Xers. 

5.2.7 Hypothesis 7 

Older controllers less readily disseminate information about tasks than do 

younger controllers. 

The question associated with this hypothesis is as follows: 

Q2-4. How did you prepare the report? 



 

 109 

The data are equivocal for this hypothesis. 

For Q2-4, “How did you prepare the report?” the responses by generation were 

compared with a Chi-square analysis as shown in Table I-84. Overall, the distribution of 

responses were different by generation as indicated by the significant Chi-square (Chi-

square=18.265, p<.05). 

18.8 percent of Millennials wrote the report down, compared with 22.0 percent of 

Gen Xers and 18.3 percent of Boomers. 

52.8 percent of Millennials typed it up, compared with 40.3 percent of Gen Xers 

and 31.2 percent of Boomers. 

3.6 percent of Millennials collaborated with colleagues in the cloud, compared 

with 2.5 percent of Gen Xers and 3.2 percent of Boomers. 

24.9 percent of Millennials used a word processor or a presentation program, 

compared to 35.2 percent of Gen Xers and 47.3 percent of Boomers. 

5.2.8 Summary 

Several important findings emerge from these data. Millennials prefer to use 

newer technologies, especially social media applications and mobile smart devices. For 

some activities, Millennials exhibit more knowledge-related behaviors, such as 

collaboration, locating experts, and identifying lessons learned compared with Boomers, 

while for other activities, such as searching for and sharing information, no generational 

differences were found. Millennials use more knowledge resources, such as expertise 

locators and knowledge bases, and do so more frequently than do their older colleagues, 

and Millennials (at least in this study) rate some traditional training methods, such face-

to-face time with mentors or OJT instructors and classroom training, more highly than do 

Boomers. 
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5.3 Statistical Analysis of Hypotheses 

This content is covered in Appendix I. In the ANOVA tables, the higher the F value, the 

lower the significant score. In the multiple comparison tables, the mean difference is significant 

at the α=0.05 level. 
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Chapter 6: Conclusions and Recommendations 

6.1 Introduction 

This research explored preferences for knowledge capture and transfer among the 

generations in the training and operational air traffic control (ATC) environments of United 

States (U.S.) Federal Aviation Administration (FAA). Controllers create, retrieve, reuse, and 

transfer knowledge regularly both in the operational and training environments. Social 

interactions occur continuously and are routinely a vehicle for knowledge transfer and new tacit 

knowledge. In such environments, effective cross-generational knowledge transfer is critical, a 

point made by Liebowitz (2004). 

The case study described here sought to establish how the outlooks and attitudes of three 

generations in the workplace affect their knowledge transfer and training preferences. It used a 

survey questionnaire to test the seven hypotheses described in Section 4.6. The data generated by 

the questionnaire enabled the assessment of preferences for knowledge capture and transfer, 

while the demographic information allowed comparisons of these preferences among the three 

generations of air traffic controllers at FAA operational facilities, students and instructors at the 

FAA Academy and aeronautical schools, and managers at FAA headquarters (all of whom were 

controllers). 

The conceptual framework underlying this research builds on previous studies and 

existing theories in knowledge transfer, communications, and learning. It is also consistent with 

the applications of KM shown in Table 2-1 (Baskerville & Dulipoici, 2006, p. 86), especially 

with regard to organizational culture, structure, and behavior. ATC’s culture, structure, and 

behaviors in its training and operational organizations derive from the demands of environments 

where safety is paramount and ever-present risk and danger must be minimized. In both 

environments, controllers experience continuous social interactions during normal operations as 

well as the need to capture and transfer knowledge and concomitantly develop new tacit 

knowledge during training and under extraordinary circumstances in the operational 

environment. The ATC profession is heavily dependent on the development of tacit knowledge, 

which controllers rely on to anticipate various scenarios when managing traffic through the 
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national airspace system (R. M. Clyburn, Air Traffic Organization (ATO) Safety Promotion 

Manager, personal interview, 22 January 2013). In such environments, effective cross-

generational knowledge transfer is critical, as noted by Liebowitz (2004). 

This reliance on tacit knowledge relates to Senge’s (1990, pp. 7-8) model that describes 

personal mastery as achieving a special level of proficiency in one’s work, which helps people 

create mental models, or tacit knowledge (ibid. pp. 8-9). The link Senge creates between 

personal mastery, mental models, and creating improvements in the workplace fits Nonaka’s 

(1994, p. 19) concept that people convert tacit knowledge to explicit knowledge by interacting 

with other people and that organizations use the same conversion process to integrate and use 

that knowledge. All those activities and functions characterize intergenerational communications 

and knowledge transfer and capture in ATC. While Liebowitz, et al. (2007, p. 1128) note that 

capturing and transferring tacit knowledge is exceedingly important in most organizations, 

another aspect of ACT culture makes that factor even more relevant. Although ATC is a 

hierarchical organization (Mintzberg, 1983, p. 624), the agency empowers the lowest level of 

controllers to make many critical decisions, highlighting the importance of the rapid 

development of tacit knowledge, especially in the newly hired controllers (D. Johnson, Terminal 

Planning Director, personal interview, 27 December 2012). 

As described in Section 2.1.3, this research focused on KM as a process. My conceptual 

model, Figure 2-9, shows KM practice as the mediator in the FAA. KM plays a crucial role at the 

agency. Although KM practice is affected by U.S. government policies (the moderator), KM 

process in the agency — improved through the implementation of my recommendations in 

Section 6.3 — will most likely enhance both personal and institutional knowledge. 

6.2 Findings 

The data collected from the survey respondents confirm some of the hypotheses and are 

equivocal about others. As described in more detail below, Millennials are more open to newer 

technologies and embrace mobile smart devices as a part of both life and work. Gen Xers, the 

transitional generation, show some traits of both Boomers and Millennials. Boomers are the most 



 

 113 

traditional of the three age groups and the slowest to embrace technological changes. The 

research also confirms the desire of Millennials to work in teams and share their knowledge. 

However, while the Millennials prefer to use newer technologies, such as social media, 

their reliance on and value of traditional knowledge management (KM) resources do not differ 

from those of the older generation studied, the Boomers. The questions that assessed the capture, 

transfer, and processing of tacit knowledge and the use of KM resources found no differences 

among the three age groups. 

Thus, the research found differences in preferences among the generations only in the 

modes of communications and knowledge transfer (mostly in terms of technology), not in the 

conduct and value of the communications and KM activities themselves. 

For details about the results from each hypothesis, see Section 5.2. 

The mean scores for the three generations as related to the hypotheses are depicted in 

Table 6-1. 

Table 6-1 Results summary49 

H Activity Measure Reliability Boomers 
Gen 
Xers Millennials Test Value Sig. 

H
1 

Active 
social media 
usage 

Q1-1AA, Q1-1BA, 
Q1-1CA, Q1-1DA, 
Q1-1EA, Q1-1FA, 
Q1-1G, Q1-1H, 
Q1-1I, Q1-1JA, 
Q1-1KA 0.699 1.58000 2.16000 3.38000 F 34.770 0.000 

  

Passive 
social media 
usage 

Q1-1AB, Q1-1BB, 
Q1-1CB, Q1-1DB, 
Q1-1EB, Q1-1FB, 
Q1-1JB, Q1-1KB 0.732 2.74000 3.04000 4.06000 F 20.150 0.000 

  

                                   
49 FAA internal document (13 February 2013) 



 
 

 114 

  

Preference 
for comm. 
Modes Q2-8         Chi-sq. 61.800 0.000 

  

Frequency 
of social 
media usage 

Q1-2A, Q1-2B, Q1-
2C, Q1-2D, Q1-2E, 
Q1-2F, Q1-2G, Q1-
2H, Q1-2I, Q-12J. 
Q1-2K 0.875 2.17290 2.35740 3.09720 F 53.207 0.000 

  
Landline 
usage 

Q1-7A, Q1-9A, 
Q1-12A, Q1-15A 0.871 2.44810 2.19700 1.85690 F 7.331 0.001 

  
Mobile 
phone usage 

Q1-7B, Q1-9B, Q1-
12B, Q1-15B 0.826 3.15020 3.31890 3.79620 F 15.483 0.000 

  
E-mail 
usage 

Q1-7C, Q1-9C, Q1-
12C, Q1-15C 0.875 3.41940 3.00690 2.53280 F 20.754 0.000 

  
Texting 
usage 

Q1-7D, Q1-9D, 
Q1-12D, Q1-15D 0.853 1.20002 1.08735 0.78569 F 77.632 0.000 

  

Social 
network 
usage 

Q1-7E, Q1-9E, Q1-
12F, Q1-15F 0.898 1.25059 1.18075 1.02207 F 46.236 0.000 

  
Face-to-face 
usage Q1-12E, Q1-15E 0.815 0.99952 1.05905 0.81178 F 7.503 0.001 

H
2 

How did 
you find the 
answer? Q2-2   1.63000 1.63000 1.56000 F 0.983 0.375 

H
3 

Classroom 
lectures 

Q3-1AA, AB, AC, 
AD 0.813 3.17650 3.19320 3.63430 F 12.622 0.000 

  Mentoring 
Q3-1BA, Q3-1BB, 
Q3-1BC, Q3-1BD 0.832 3.52130 3.66340 3.87610 F 4.693 0.010 

  Simulation 
Q3-1CA to Q3-
1CD 0.817 3.76390 3.72780 4.16800 F 11.268 0.000 

  
Study 
guides Q3-1D 0.884 3.07610 3.22840 3.72560 F 18.339 0.000 

  
Web-based 
training Q3-1E 0.908 2.75850 3.04640 3.17910 F 4.183 0.016 

  
Mentoring 
programs 

Q3-2AA to Q3-
2AD 0.882 3.73880 3.91610 3.96300 F 1.567 0.210 

  
Peer assist 
programs 

Q3-2BA to Q3-
2BD 0.885 3.61050 3.87550 3.79280 F 1.990 0.138 

H
4 

Electronic 
documents 

Q3-3AA to Q3-
2AD 0.907 3.45600 3.70620 4.06290 F 11.429 0.000 

  FAQ 
Q3-3BA toQ3-2 
BD 0.921 3.37360 3.73600 3.95480 F 8.635 0.000 

  
Laboratory 
simulations 

Q3-3CA to Q3-
3CD 0.857 3.80590 3.88940 4.39370 F 18.727 0.000 
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Message 
boards 

Q3-3DA to Q3-
3DD 0.941 2.48730 2.95000 3.27260 F 11.998 0.000 

H
5 

Locate 
experts in 
the agency Q1-19A   2.65000 2.79000 3.26000 F 8.917 0.000 

  
Finding 
information Q1-19B   3.24000 3.38000 3.53000 F 1.878 0.154 

  
Lessons 
learned Q1-19C   2.83000 3.36000 3.55000 F 11.291 0.000 

  
Identify 
initiatives Q1-19D   2.33000 2.65000 2.90000 F 3.677 0.027 

  
Share 
information Q1-19E   3.69000 3.86000 3.81000 F 0.757 0.470 

  

Build a body 
of 
knowledge Q1-19F   3.17000 3.70000 4.00000 F 13.692 0.000 

H
6 

How did 
you capture 
the 
information? Q2-3   1.60000 1.55000 1.34000 F 7.553 0.001 

H
7 

How did 
you prepare 
the report? Q2-4   2.80000 2.51000 2.35000 F 18.265 0.006 

Of the seven hypotheses, four were confirmed, and the data were equivocal about three 

others. It is unknown whether these findings are unique to the FAA or are applicable to other 

training and operational environments. General assumptions in the popular press and in academic 

research about the attitudes of the Millennials were not always confirmed by this study. The 

discrepancies may be due to the stringent demands of the ATC environment, where the 

Millennials are eager to learn from the certified professional controllers so they can rapidly 

become effective in their jobs. However, that hypothesis was not assessed as part of this 

research. 

6.3 Conclusions 

6.3.1 Background 

This research was conducted in highly specialized environments where the 

transfer of tacit knowledge to incoming, generally young, employees is critical. 

Developing air traffic controllers undergo a multiyear period of on-the-job training (OJT) 
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and mentoring to develop their own extensive base of tacit knowledge. Even after 

controllers become certified, they are expected to continue to incorporate new knowledge 

into the ATC corporate and continue to build their own tacit knowledge bases (G. K. 

Ballard, ATO Curriculum Manager, personal interview, 9 October 2012).  

These knowledge-centric ATC environments, both training and operational, 

provide a fertile ground for the study of the transfer of tacit knowledge. This study’s 

addition of the dimension of generational differences was appropriate for two reasons. 

First, due to the fairly recent emergence of social media and mobile smart devices, many 

more options for social interaction are available today than were in the past, so it would 

be reasonable to expect generational differences in preferences for these media. Second, 

the mass retirements occurring in large organizations in general, including the FAA. See 

Section 1.5 and Figure 1.1 (Lancaster & Stillman 2002, pp. 20, 24, 27) are in part unique 

to the agency but also reflect general demographic trends of developed economies.50 

These trends increase the importance of effective intergenerational communication and 

knowledge transfer so that new recruits can be trained efficiently and effectively. 

 To address these issues, this research explored preferences for knowledge capture 

and transfer among three generations in both the training and operational environments of 

FAA ATC with the goal of recommending improvements to ATC training. It 

hypothesized that members of the younger generation, the Millennials, entering the 

workforce would prefer to have the technologies they use in their daily lives, such as the 

social media and mobile smart devices, in the learning environment. The questionnaire 

queried knowledge capture and transfer preferences while the survey’s demographic 

information allowed comparisons of these preferences among the three generations of air 

traffic controllers at FAA operational and training facilities.  

The outcomes of this research can be grouped as follows: KM and 

communications (hypotheses 1, 2, 5, 6, and 7) and training (hypotheses 3 and 4).  

                                   
50 http://www.brookings.edu/research/papers/2013/12/16-impact-great-recession-retirement-trends-bosworth-
burtless accessed 1 May 2014 
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These two groupings correspond to the three (non-demographic) sections of the 

questionnaire as follows: KM and communications: Section 1, Communication — 

preferences for different modes of communication and frequency of use, 

intergenerational communication, collaboration, use of knowledge and social media tools, 

and trust and Section 2, Task — tacit and explicit knowledge capture and transfer. 

Training: Section 3, Training — preferences for existing tools (including knowledge 

resources) and future tools (such as mobile smart devices), collaboration, and programs 

and policies. 

6.3.2 Relation of the Outcomes to the Literature 

This research project is grounded in and builds on previous studies and existing 

theories in knowledge transfer, communications, and learning. The literature review in 

Chapter 2 covers the areas studied in this research, including the characteristics of 

knowledge and KM, theories of knowledge capture and transfer, and theories of 

communications and learning. Chapter 2 also addresses the role of generational 

differences in KM. The link between the research instrument and the literature is 

discussed in Section 4.8. 

The discussion below is organized by the two broad categories of outcomes: 

knowledge (including knowledge-related communications) and training. 

Knowledge-Related Outcomes 

By assessing intergenerational knowledge and communications practices and 

preferences, this study adds to the existing bodies of knowledge in KM and 

communications. The questionnaire assessed how respondents communicate with people 

both in their age group and in other groups to receive and transfer knowledge. It also 

queried their preferred modes of communication, approaches to collaboration, use of 

knowledge resources and social media, and approaches to capturing and transferring tacit 

knowledge. 
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These topics build on the work of Myers & Sadaghiani (2010), who emphasize 

the role of communication in maintaining relationships as well as studies of 

organizational trust in KM, such as Lesser (2002). This research and its outcomes are 

based on the concept that, through social interactions, workers can convert tacit (hidden) 

knowledge to explicit (transferable) knowledge. The theories of Nonaka (2012) and 

Downes (2006) relate social interactions to knowledge creation. Studies of tacit 

knowledge that form the conceptual basis of this research include work by Nonaka 

(1994), Sternberg, et al. (1995), Horvath, et al. (1994a; 1994b), Jorna (2001; 2007), and 

Sjarbaini (2009).  

The data resulting from this study add knowledge to the work described above, 

first, by showing generational differences in preferred communications modes. Boomer 

respondents preferred older modes of communication, such as landline phone and e-mail, 

whereas the younger Millennials preferred newer technologies such as mobile phones, 

texting, and social networks. An unexpected result was a preference for face-to-face 

communication by the younger generations (both Gen Xers and Millennials) compared to 

Boomers. This result may reflect a working environment that requires a high degree of 

tacit knowledge transfer from the more experienced to the younger workers and is 

discussed at greater length below. 

Second, in contrast to communication modes, generational differences were less 

pronounced for knowledge-related behaviors, i.e., present in some areas but absent in 

others. For example, the data from the hypothetical task did not show differences in the 

amount of time older controllers thought they would spend searching for information or 

the extent to which they would share it compared to their younger colleagues. Results 

were equivocal for three hypotheses reflecting knowledge behaviors: older air traffic 

controllers search longer for and share less information than do younger controllers, older 

air traffic controllers catalog and store information about tasks more than do younger 

controllers, and older controllers disseminate information about tasks less readily than do 

younger controllers. 
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 However, for knowledge transfer, younger controllers used KM principles more 

frequently than did older controllers in four of the six topics queried, supporting the 

heightened value of knowledge-based resources for younger workers. Compared to 

Boomers, Millennials (and to some extent Gen Xers) relied more often on resources for 

capturing and transferring knowledge, such as expertise locators, lessons learned 

databases, KM initiatives, and knowledge bases. For example, Millennials located experts 

in the agency more often than did the other generations. They identified lessons learned 

and agency initiatives at a similar frequency as Gen Xers but more than did Boomers, a 

pattern that held for building and maintaining a body of knowledge. In only two areas 

were all three generations similar in their use KM principles: the frequency of sharing 

work-information and finding information. This outcome adds new knowledge to the 

knowledge transfer models developed by scholars such as Sveiby (2001) and DeLong 

(2004).  

These findings indicate that knowledge-based practices are particularly relevant to 

members of the younger generation, who are accustomed to integrating KM tools, such as 

social media, into their daily lives. It suggests that the younger generations, particularly 

the Millennials, are likely to capitalize on and benefit from knowledge-based resources in 

the workplace and in training. This outcome has important implications for incorporating 

KM practices into the operational environment and training programs geared to the 

younger generations. 

The inclination of the younger generations to rely on knowledge resources 

reinforces the benefit organizations may gain by creating knowledge-based strategies, 

which are expected to be appreciated by these users, as noted above, as well as important 

to overall organizational success. Among the academics who have written about the 

importance of KM strategies to organizational success are Von Krogh, et al. (2001, pp. 

422-426). These authors posit that organizations develop their own expertise — known as 

their knowledge domain — over many years, and that success in a domain stems from the 

methods used to create and transfer knowledge and expertise through a codified process. 
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Further, with the growing ease-of-use and wider acceptance of social technologies 

by members of the older generations as knowledge transfer tools, these technologies 

could become a bridge to facilitate interaction among the generations. They also create an 

opportunity for reverse mentoring, where members of the older generations can learn 

from the expertise of their younger colleagues in using these technologies.  

Training-Related Outcomes 

The questionnaire asked respondents to rate the effectiveness of the training 

methods used, including classroom instruction, computer simulation, mentoring, web-

based training, and study guides. It also asked their estimate of the effectiveness of 

resources that could be (but are not) implemented, such as FAQ databases, message 

boards, and laboratory simulations. 

Differences among the generations emerged. Millennials found all existing 

training approaches to be more effective than Boomers did, and in many cases, more 

effective than did Gen Xers. For example, Millennials and Gen Xers did not differ in 

their ratings of mentoring and Web-based training, whereas Millennials rated classroom 

effectiveness, simulation, and study guides to be more effective than did the other two 

groups. 

A possible explanation for the finding that Millennials rated the traditional 

training approaches, e.g., classroom effectiveness and study guides, to be more effective 

than did the other groups is that the inexperienced Millennials must rely on manuals, 

knowledge bases, and other external resources, while the Boomer subject matter experts 

can rely on their tacit knowledge and expertise. This finding is in concert with the writing 

of Wiig (1993), who described the extended length of time it takes to develop expertise in 

a topic area.  

Millennials’ appreciation of the existing (including traditional) training 

approaches also appears to agree with the result noted above for face-to-face 

communications, a traditional knowledge transfer approach used in mentoring. Those 

results contradict those of Hannam & Yordi (2011), who write that the younger 
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generations are less likely to be engaged by listening to lectures or reading manuals than 

are Boomers. They also write that, while the older generations typically attended formal 

training classes, younger workers increasingly expect to learn at work.  

One hypothesis to explain this discrepancy with Hannam & Yordi is that when the 

informational need is strong, methods become less important. Young ATC trainees who 

need to gain large amount of tacit knowledge in a short period of time place a high value 

on gaining knowledge from their mentors or OJT instructors by any means available to 

them. If that is the case, that possibility may support the continued use of traditional 

training, methods at least in some environments, but leaves open the possibility that 

improved methods can still be found for those environments and leaves unanswered the 

question of which environments may benefit from the use of nontraditional training 

methods. These issues and they are operational implications could be tested by studying 

training preferences in different types of workplace environments. 

Despite the results noted above, Millennials, and to a lesser extent Gen Xers, 

showed a stronger preference for using electronic resources for training than did 

Boomers. In a forward-looking question, e.g., “If the following tools were implemented 

in your training…,” Millennials expected a higher effectiveness for electronic documents, 

FAQ databases, simulation labs, and message boards than did Boomers. As was 

suggested by the findings in the “Knowledge-related outcomes” section above, members 

of the younger generations, especially Millennials, showed a stronger preference for 

electronic resources than did Boomers. 

6.3.3 Lessons Learned 

This study provides information on the preferences of the different generations in 

communications, knowledge practices, and learning.  

First, the research uncovered preferences for modes of knowledge transfer, 

communication, and learning that may create challenges in the workplace. For example, 

older workers may be reluctant to rely on the newer technologies that members of the 

younger generations prefer, and younger workers may object to using the older 
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technologies. This outcome highlights importance for organizations to create a strategy 

for addressing intergenerational issues when creating knowledge transfer and training 

programs. It also sets the stage for future research on which technologies would best 

facilitate tacit knowledge transfer in a multigenerational workplace. 

Second, this study suggests the benefits of further developing KM resources for 

the younger generations. While all generations engage in knowledge capture and transfer 

behaviors, the data indicate the younger generations, particularly Millennials, tend to use 

more KM resources and do so more frequently compared to their older colleagues. 

Finding generational differences and similarities in KM behaviors adds new knowledge 

to the existing literature and suggests areas for further exploration. Organizations that 

have a KM strategy in place could use these results to add an intergenerational dimension 

to their existing knowledge strategy. 

Third, the high ratings Millennials (compared to Boomers) assigned to traditional 

training approaches, such as face-to-face communication and classroom lectures, have 

implications for designing training programs, although this research does not enable the 

drawing of a conclusion about which forms these would take, and this area warrants 

further research. It is perhaps not surprising that Millennials, who grew up with social 

media and social networking, have a strong appreciation for knowledge capture and 

transfer approaches and tools. However, the high regard this research showed that they 

have for traditional methods as well raises the question of “why?” One explanation is 

that, when the need for knowledge is strong, the method is not important as long as the 

trainees are gaining the knowledge they need. That question should be further studied in a 

generational context. It is important to understand the factors — whether environmental, 

subject matter, educational level — that may predispose Millennials to prefer traditional 

training methods so that training programs can be appropriately designed for different 

situations and groups. 
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6.3.4 Summary of Results 

The following summarizes the conclusions gleaned from the research: Millennials 

prefer to use newer technologies, including social media and mobile smart devices; 

Millennials showed more knowledge-related behaviors (e.g., locating experts and 

identifying lessons learned) compared to Boomers in some cases, and in others there were 

no generational differences in these behaviors (e.g., searching for and sharing 

information); Millennials use more knowledge resources (such as expertise locators and 

knowledge bases) and do so more frequently than do their older colleagues; and 

Millennials rate some traditional training methods (such face-to-face time with mentors 

or OJT instructors and classroom training) more highly than do Boomers. For a detailed 

discussion of results see Chapter 5 and Appendices F through I. 

6.3.5 Recommendations 

This study provides for the following general recommendations to organizations 

that are determining how to maximize effectiveness in a multigenerational workforce: (1) 

implement more technologies, such as social media and mobile smart devices in the 

workplace and more knowledge-based tools for the younger generations (including in 

training programs) and (2) keep some traditional methods (such as face-to-face 

communication and classroom training) unless further research indicates otherwise. It is 

unknown at this time whether the second recommendation reflects results that are specific 

to an environment such as ATC and whether different types of workplace environments 

would produce different results. It is possible, but not known, whether the closer an 

organization’s environment is to that of ATC (for example, being highly technical, 

having a strong need for tacit knowledge transfer, having well-defined generational 

cohorts, requiring a lengthy and intense training period) the more applicable to these 

results may be. 

Altogether, these recommendations should help organizations improve their 

organizational and individual efficiency and effectiveness by enhancing the ability of the 
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workforce to capture and transfer expert knowledge, thereby preserving institutional 

knowledge. 

In the conceptual model, Figure 2-9, KM practices in the FAA are the mediator 

between the independent and dependent variables. Thus, this research also provides the 

FAA with recommendations that answer the following question: How should the FAA 

augment technical training for new air traffic controllers in a way that appeals to the 

lifestyle and needs of Millennials? Underlying each recommendation is the KM process, 

which is crucial to implementing and improving KM in the agency.  

These recommendations were presented to the agency in August 2013. It is 

expected that this report will be used to evaluate potential changes to training 

implementation plans. In every step of this research, findings were shared with the ATO 

Technical Training Directorate to ensure that the findings are coordinated with the 

agency’s efforts to improve controller training. 

The recommendations to the FAA are as follows: (1) incorporate interactive 

serious games into ATC training mobile smart devices, including investigating what is 

being done in the public and private sectors in this arena as well as learn from academic 

research; (2) create an ATC COP to help new hires adapt to the needs of the workplace 

and additional COPs for engineers, technicians, air traffic controllers, and others to 

facilitate learning, and sharing, retaining, and knowledge transfer; (3) develop additional 

knowledge bases, e.g., databases and repositories containing best practices and lessons 

learned to give Millennials better access to expert knowledge; (4) expand and enhance 

the use of the existing of SharePoint sites as an inventory of repositories or sources of 

information and knowledge; (5) implement knowledge mapping to facilitate the 

development of expertise locators; (6) implement social networks and embrace the use 

social media in the workplace; (7) consider the implementation of microblogging: create 

an internal Twitter-like environment to enable people to follow each other and share 

knowledge; (8) develop formal mentoring programs that enable all levels of employees to 

improve their skills and gain valuable face time with the leaders and managers, including 

soft skills mentoring, e.g., appropriate dress, speech, and behavior, cross-generational 
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mentoring (to capitalize on the strengths of each generation), and reverse mentoring 

(where younger employees coach older workers to develop skills with newer 

technologies).  

The ATO is already engaged in KM. The Organizational Effectiveness Office in 

ATO is working with FAA air traffic supervisors’ committee (SUPCOM) to collect 

stories, best practices, and lessons learned related to OJT to improve ATC training. Even 

so, the director of technical training may be reluctant to introduce new training 

approaches related to KM, for example, introducing apps on mobile smart devices, until 

conclusive evidence emerges of their effectiveness from other operational environments. 

Because FAA’s mission is to provide the safest, most efficient air space system possible, 

its culture is traditionally conservative and cautious. As a result, management is often 

cautious and slow about making changes (personal observation). This principle holds true 

for ATC training. The agency tends to wait until new methods and technologies are 

proven elsewhere before implementing them in ATC (R. Wallace, Director, personal 

interview 10 October 2012) and therefore may be reluctant to make the changes 

recommended above.  

6.4 Generalization 

This research is based on a convenience sample — a non-probability sampling of a part 

of the population that is close at hand. The survey was conducted at the FAA Academy, three 

academic institutions, and 85 FAA facilities (N=454). 

Many of the issues addressed by this research can be found in almost every public and 

private sector organization and are not specific to ATC. Aging populations are changing 

demographics worldwide in developed countries, with profound effects on the workplace 

environment. As older employees retire, organizations hire younger employees, creating a 

multigenerational workplace that faces intergenerational issues as well as potential knowledge 

loss. Younger employees entering the workplace need to learn organizational culture and their 

individual jobs as expeditiously as possible to become efficient and effective.  
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Each generation has its own characteristics that influence its preferences for knowledge 

transfer, learning, and communication. Table 1-2 (Oblinger & Oblinger 2005, p. 2.9) summarizes 

the differences in the attributes, likes, and dislikes of each generation. Twenge, et al. (2010, pp. 

1122-1125) describe how each age group has different attitudes towards leisure and extrinsic, 

intrinsic, altruistic, and social rewards, demonstrating that the younger generations learn and 

train differently and show a preference for mobile smart devices. In addition to the factors 

described above, broad cultural trends are reshaping workplace culture. Hannam & Yordi (2011, 

p. 9) list six trends affecting multigenerational workplaces, including increased (1) use of newer 

technologies to communicate, (2) expectations for work-life flexibility, (3) expectations of 

continual personal development, (4) emphasis on new ways to reward and recognize employees, 

(5) need to engage the entire workforce, and (6) emphasis on innovation.  

In the general population, people are living and working longer, creating the large age 

ranges that characterize today’s workplace, as noted by Grochowski & Lawrence (2013, p. 1). As 

organizations realize they must effectively address the issues arising from this new demographic 

norm, many are taking actions to manage their multigenerational workforces. The authors (ibid. 

p. 1) state that the key to recruiting employees from each generation is understanding their 

commonality and differences. They (ibid. p. 5) provide the example of Mars, Inc., (one of 

world's leading food manufacturers), which uses reverse mentoring to include members of the 

younger generations in executive teams to strengthen intergenerational collaboration, foster 

teaming, and build mastery. Like many organizations, ATC faces these issues in the context of a 

workforce that is encouraged to work in teams. Liebowitz, et al. (2007, p. 1141), who studied 

team-based knowledge transfer, describe both positive and negative knowledge flow within 

teams. While positive knowledge flow can result in knowledge gain, the authors also find that 

multigenerational teams have more negative knowledge flows compared to single generational 

teams, raising the possibility that multigenerational knowledge transfer in team settings is 

inherently more challenging. 

Grochowski & Lawrence (2013, p. 8) cite IBM as another example of a company that is 

addressing generational issues. IBM has been in the forefront of mentoring — prior to their 

retirement, long-term employees mentor younger employees and high-level executives teach at 

universities. This is a win-win strategy for all participants as members of all generations have the 
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opportunity to learn from each other. Davenport & Prusak (1998, p.45) describe how Ernst & 

Young established internal knowledge networks to enhance the management of knowledge 

resources. The authors state that its knowledge repository accelerates and broadens knowledge 

sharing through the socialization of the younger employees. In Robert Buckman’s book about 

how he built Buckman Laboratories as a knowledge-driven organization, he describes how he 

abandoned control practices, thereby changing the role of middle managers from information 

gatekeepers to mentors and developers who helped the company’s younger employees develop 

and ultimately succeed (Buckman, 2004, p. 230). In the FAA, Buckman’s vision is reflected in 

the delegation of authority, described in detail in Section B.5 and in mentor-mentee relationship 

within OJT, described in detail in Section 2.3.2. 

As the FAA is a government agency, this research also looked at what other public sector 

organizations have been doing in the area of knowledge retention and transfer. Table 2-4 (APQC, 

2002, p. 9; 2008, p. 64) provides information on how other two large public organizations — the 

U.S. National Aeronautical and Space Administration (NASA) and the World Bank — capture, 

share, and retain knowledge. The FAA performs these activities using the following resources: 

blogs, collaboration workspaces, communities of practice (COP), mentoring programs, peer 

assist, and recruitment strategy. Since members of the younger generations use KM resources 

more frequently than do their older colleagues, these efforts are appropriate for knowledge 

transfer in a multigenerational workplace. 

Although this study was limited to air-traffic controllers in FAA terminal facilities, the 

results may be applicable to other workplaces, as described above. Further, since KM research 

has not adequately addressed how knowledge is transferred from one age group to multi-

generational training and operational environments, this research can make a significant 

contribution to KM in general. 

6.5 Follow-on Research and Importance to KM 

This research uncovered different generational preferences for modes of social 

interaction, showing that Millennials generally prefer to communicate in the workplace using 

newer technologies while older workers generally prefer older technologies. Future studies 
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should address the impact of introducing the newer technologies into the workplace to assess 

whether they facilitate communication and knowledge transfer among the different generations 

and to uncover any problems that may hinder their acceptance and viability. For example, if 

younger workers embraced the introduction of workplace technologies such as social media 

applications, would that lead to their acceptance by older workers?  

The finding of both generational differences and similarities in some KM behaviors, such 

as locating experts (which occurred with the same frequency for all generations) and lessons 

learned (for which usage decreases with age), suggests that further research is warranted to refine 

knowledge about these similarities and differences and their operational implications in different 

workplace environments. Follow-on studies could use these and subsequent findings about 

generational preferences to study the effect of implementing workplace technology- and 

knowledge-based changes in a multigenerational workforce. 

In the area of training, the high ratings Millennials gave for face-to-face communication, 

classroom lectures, and study guides indicate that they appreciate some traditional training 

methods, at least in the environment in which this research was conducted. The positive result 

for face-to-face communication was unexpected. It is unknown whether these findings are 

unique to the FAA or are applicable to other environments. Additional research would be helpful 

to explore the discrepancy with Hannam & Yordi’s (2011) findings (noted above). One 

hypothesis for this discrepancy is that when the informational need is strong, methods become 

less important. Thus, it would be valuable to know whether the younger generation highly rated 

traditional training methods because of a strong need for tacit knowledge (reducing the 

importance of the method) and whether other (not yet tested) methods could produce a better 

outcome. While, the results of this study support the continued use of traditional training, 

methods, they leave open the possibility that some newer methods could be even more effective. 

Researchers could explore those questions in the context of different training and operational 

environments. If further study shows that traditional training methods retain their high value in 

other settings, additional research could then explore which methods are most effective in those 

settings.  
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The strong preference Millennials showed for KM resources creates a broad area for 

further study with major operational and training implications. There is a need to understand the 

reason for such preferences and to examine how to best address them in various work and 

training environments. A finding of support for this preference in other work environments 

would support the case for the expansion of KM resources among large organizations in general 

as a productive approach to enhancing knowledge transfer for the incoming Millennial 

generation. 

The findings of this research are important additions to the study of KM. The younger 

generations’ preference for using social media in the workplace in general and in training in 

particular shows the potential of greater ease of knowledge creation, retention, and transfer for 

those groups. Their willingness to reverse mentor their older colleagues by sharing their 

knowledge of newer social media technologies could enhance the ability of Boomers to share 

tacit knowledge with their younger colleagues. Thus, while these findings highlight 

intergenerational differences, they also suggest that newer technologies can bridge these gaps 

and further knowledge transfer in the workplace. Cultural shifts caused by the advent of social 

media and related disruptive technologies will likely continue to have an impact on knowledge 

transfer, communication, and training in the workplace. As new generations become early 

adopters of newer technologies, generational differences will continue to be an area 

organizations will need to address. This research provides insights into these differences, 

practical advice for organizations for dealing with generational issues, as well as potential areas 

for future investigation for KM investigators. 
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Appendix A: ATC Glossary 
A.1 Facilities 

The following facilities each fill a need within the National Airspace System (NAS) 

(FAA 2012a, p. 11; FAA 2010b, Pilot/Controller Glossary): 

ATCT (airport traffic control tower) — located at every airport that has regularly 

scheduled flights — is a terminal facility that uses air-to-ground communications, visual 

signaling, and other devices to provide air traffic control (ATC) services to aircraft operating in 

the vicinity of or within an airport. It controls all takeoff, landing, and ground traffic within a 

five-mile radius around the airport and flight up to 2,500 feet. 

TRACON (terminal radar approach control) facility provides ATC service to aircraft 

arriving or departing the primary airport and adjacent airports and to aircraft flying through the 

terminal’s airspace within a 30- to 50-mile radius up to 10,000 feet. 

Combination TRACON and ATCT facility provides radar control services to aircraft 

arriving or departing a primary airport and adjacent airports and to aircraft flying through the 

terminal’s airspace. This facility is divided into two functional areas: radar approach control 

positions and tower positions. These two areas are located within the same facility or in close 

proximity to one another. 

Combined control facility provides approach control services to one or more airports as 

well as en route ATC centers for a large area of airspace. Some may provide tower services 

along with approach control and en route services. 

ARTCC (air route traffic control center) provides ATC service to aircraft operating on 

IFR (instrument flight rules) flight plans within controlled airspace and principally during the en 

route phase of flight (all routes and procedures for flight at 10,000 feet and higher). 

Combined TRACON facility provides ATC services to two or more large hub airports, 

as well as other satellite airports, where no single airport accounts for more than 60 percent of 

the total combined TRACON facility’s ATC. 
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ATC System Command Center oversees the strategic aspects of the entire ATC system. 

In-house air traffic management specialists keep watch over the entire system, managing the 

5,000 aircraft that are in the sky at any given moment and balancing air traffic demand with 

system capacity. It modifies traffic flow and rates when congestion, weather, equipment outages, 

runway closures, or other operational conditions affect the NAS. 

En Route Center — See ARTCC. 

A.2 Controllers 

Facilities are staffed by controllers with specialized training (FAA, 2012a, pp. 18 & 21; 

FAA 2010b, Pilot/Controller Glossary): 

ATCT controller can work several positions in the tower ― clearance delivery, ground 

control, and local control. 

En route center controller can work several positions in the center ― radar, radar 

associate, and flight data radar associate. 

TRACON controller can work several positions in the terminal facility ― departure, 

radar flight data, and arrival. 

A.3 Navigation types 

Pilots navigate aircraft flying either solely visually or visually augmented by 

instrumentation (FAA 2010b, Pilot/Controller Glossary): 

IFR (instrument flight rules) — rules governing the procedures for conducting 

instrument flight. Also a term used by pilots and controllers to indicate type of flight plan. 

VFR (visual flight rules) — rules that govern the procedures for conducting flight under 

visual conditions. The term VFR is also used in the U.S. to indicate weather conditions that are 

equal to or greater than minimum VFR requirements. Pilots and controllers also use VFR to 

indicate a type of flight plan. 
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Appendix B: The U.S. Federal Aviation Administration 
B.1 History of the FAA 

The federal government’s mandate to ensure safe and efficient air travel through its 

regulatory agency, the United States (U.S.) Federal Aviation Administration (FAA), dates to the 

early days of aviation in the U.S. After Orville and Wilbur Wright made the first powered flight 

in 1903, flying was plagued by safety problems that worsened as new planes were introduced 

and pilots competed to set new records for speed, flight length, and daredevil stunts. Magnetic 

compasses were the most frequently used navigation devices, and pilots typically flew 200 to 

500 feet above the ground, relying on roads, railway lines, and even night-time bonfires to 

navigate. Fatal accidents were the norm (Kraus, 2008, p. 1). 

Nevertheless, the use of airplanes grew: they were highly effective in World War I and 

entered the civilian arena in the U.S. after Congress authorized airmail service in 1918. In 1921, 

the Post Office Department set up ten radio stations along the New York-San Francisco air route 

to transmit weather forecasts. Two years later, it introduced airway beacons, spaced ten miles 

apart on towers and bright enough to be seen for 40 miles in clear weather. In 1925, Congress 

passed the Air Mail Act, which authorized the Post Office Department to contract with airlines to 

carry the mail, encouraging the development of commercial aviation (Preston, 1998, pp. ix-x). 

Although mail service led to the development of commercial aviation, the carriers’ emphasis 

shifted to serving passengers, and mail became part of cargo (Karsten, 2012, pp. 242-245). 

As air travel increased in the late 1920s, several airport operators sought to improve 

safety by introducing an early form of ATC based on visual signals. Early controllers stood on 

the field and waved flags to communicate with pilots. At the same time, the aviation industry 

believed that to reach its full potential, federal action was needed to ensure safety. Congress 

responded by enacting laws to improve safety and set standards, setting the stage for ATC’s 

evolution into a federal responsibility over the next several decades. The Air Commerce Act of 

1926 led to the establishment of a new Aeronautics Branch responsible for aviation oversight. In 

1934, the branch, renamed the Bureau of Air Commerce, encouraged a group of carriers to 

establish ATC centers to control civilian air traffic beyond three miles of an airport. 
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In 1936, the federal government took over three air traffic control centers — Newark, 

Chicago, and Cleveland. The first group of 15 controllers tracked flights using blackboards, 

maps, and boat-shaped weights they moved along the maps based on position reports they 

received by radio from pilots during flight (Lowy, 2011). As Congress believed the Bureau was 

working too closely with the carriers, it passed the Civil Aeronautics Act of 1938, establishing 

the independent U.S. Civil Aeronautics Authority (CAA). CAA was charged with investigating 

and recommending ways to prevent accidents as well as certifying air traffic controllers, which 

led to the creation of basic standards for their physical fitness, theoretical knowledge, and 

experience. In 1940, the CAA was split into two agencies: the U.S. Civil Aeronautics 

Administration, responsible for ATC, and the U.S. Civil Aeronautics Board (CAB), which 

created safety rules, investigated accidents, and regulated ticket pricing. 

In 1941, Congress earmarked $1 million of the defense budget for CAA’s operation of 

towers designated as essential by the War and Navy Departments, and CAA took over ATC at 39 

airfields. Making ATC a federal responsibility produced a long-desired uniformity and 

improvement of procedures for traffic flow in taxiways and in terminal airspace. ATC became a 

federal responsibility at most airports by the postwar era, which also witnessed the advent of 

commercial jets and the introduction of ground radar. However, a tragic accident dramatized the 

fact that, even though U.S. air traffic had more than doubled since the end of World War II, little 

had been done to mitigate the risk of midair collisions. On 30 June 1956, two commercial 

airplanes flying under visual flight rules collided over the Grand Canyon, Arizona, killing all 128 

occupants. Between 1950 and 1955, 65 mid-air collisions occurred in the U.S., partly due to the 

inability of the ATC system to keep up with increased traffic and to separate slower- and faster-

moving planes. 

Congress acted again to bolster the nation’s ATC system. In 1957, a new Airways 

Modernization Board was charged with developing a national system of navigation and ATC 

facilities. The following year the president signed the Federal Aviation Act (Public Law 85-

726),51 creating an independent agency in addition to the CAB, the Federal Aviation Agency, to 

regulate air commerce and civil aeronautics. 

                                   
51 http://libraryonline.erau.edu/online-full-text/books-online/Aviationlawpt1.pdf accessed 15 April 2013 
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The Department of Transportation Act (Public Law 89-670)52 of 1966 brought together 

31 previously scattered federal elements under one cabinet department, the U.S. Department of 

Transportation (DOT). The department administers federal transportation programs, develops 

and coordinates transportation services (provided by private enterprise), encourages cooperation 

of governments, carriers, labor, and other interested parties, stimulates technological advances, 

and identifies and solves transportation problems. 

In 1967, FAA became part of DOT as the Federal Aviation Administration, whose 

mission and vision are:53 

Mission: Provide the safest, most efficient aerospace system in the world. 

Vision: Reach the next level of safety, efficiency, environmental responsibility 

and global leadership, remaining accountable to the American public and other 

stakeholders. 

From an administrative perspective, FAA’s organization has evolved since the agency’s 

creation in 1958. Perhaps the most significant change came in 1995, when President Clinton 

signed the fiscal 1996 DOT appropriations bill, which included important provisions for FAA 

personnel and procurement reform, giving the agency more flexibility in these areas. 

The new procurement system offers the agency more agility in the awarding of contracts 

for hardware and services, often shortening award time by months or even years. 

B.2 History of Training New Controllers 

The FAA transfers mission-critical knowledge to the newly hired air traffic controllers 

through a combination of formal classroom instruction, on-the-job training (OJT), and computer 

simulation. FAA’s requirements and methods of training new controllers have evolved over the 

past 75 years as the agency created and adopted new educational standards.  

When FAA’s predecessor agency, the Department of Commerce’s Bureau of 
                                   
52 http://www.gpo.gov/fdsys/pkg/STATUTE-80/pdf/STATUTE-80-Pg931.pdf accessed 15 April 2013 
53 http://www.faa.gov/about/mission/ accessed 20 April 2012 
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Aeronautics, took over ATC in 1936, controllers needed only a high school diploma plus either 

1,000 hours flying time, one year’s experience in an airline operations office, or experience 

controlling air traffic. Because qualifications included practical experience with the airlines, 

recruits received OJT only (Kraus, 2011, p. 9).  

By the late 1940s, the CAA began a more centralized training program at its aeronautical 

center in Oklahoma City, Oklahoma (Preston, 1998, p. 41). However, by the fall of 1962, CAA’s 

successor, the Federal Aviation Agency, stopped that program, and students received basic OJT 

at the towers and centers. This approach worked satisfactorily until 1967 when the ATC 

workforce was declining. But by October 1968, FAA (now the Federal Aviation Administration) 

resumed basic air traffic control training at the FAA Academy in Oklahoma, and by mid-1968, 

the number of ATC trainees had ballooned to 10 percent of the total controller workforce (ibid. 

p. 111). 

In the aftermath of the 1981 controller strike, FAA began another massive training effort. 

Because of a shortage of trainers, the agency contracted with the University of Oklahoma to 

provide FAA-certified instructors as supplemental staff for the FAA Academy. In 1983, FAA 

also increased the minimum qualifications for controllers who provided OJT. Trainers were 

required to have operated in the position for which they were trained for a minimum of 30 solo-

hours after certification and to have received certification as an OJT instructor based on a 

supervisor's observation of performance in the position (ibid. p. 194). 

As discussed in Section 2.6, the FAA Air Traffic Control Organization (ATO) Technical 

Training Directorate develops training standards for air traffic controllers. This directorate 

authored and maintains FAA Joint Order 3120.4: Air traffic technical training (FAA 2012b).  

B.3 Structure of the FAA 

As is shown in the FAA organizational chart, Figure B-1, the agency comprises four lines 

of business and ten staff offices. Of interest to this study are the two research offices — one in 

Aviation Safety and the Air Traffic Organization (ATO): 
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1. Civil Aerospace Medical Institute (CAMI), part of Office of Aerospace Medicine, 

subset of Aviation Safety. 

2. Human Factors Research & Engineering, part of Next Generation Air Transportation 

System (NextGen) Office.54 

 

Figure B-1 FAA organizational chart55 

Figure B-1 shows the organizational chart of ATO, which employs all air traffic 

controllers. The Technical Training Directorate (part of Safety & Technical Training) provides 

technical training to controllers and technicians, as described in Section 3.4. Human Resources 

                                   
54 NextGen, described in Section 3.4, should not be confused with the next generation of air traffic controllers. This 
study relied upon input from both research offices when developing the survey instrument described in detail in 
Chapter 4 and on CAMI regarding the demographics of air traffic controllers in Section 1.6, their attributes in 
Section 8.3.1, and their training requirements in Section 3.4. 
55 Internal FAA document (24 July 2012) 
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Management (see Figure B-2) provides general and supervisory training for employees and it is 

not part of this study. 

This research was conducted in support of the Vice President (VP) of Terminal 

Operations and coordinated with the VP of Safety & Technical Training, the Director of 

Technical Training who reports to this VP. 

 

Figure B-2 ATO organizational chart56 

B.4 Controller Work Environment 

Controllers work in two basic types of environments, ATCTs and TRACONs, as 

described below. 

ATCT. A tower is a tall structure located on the airport grounds. The tower cab has 

windows on all sides to give an uninterrupted view of the runways and taxiways. The number of 

controllers in the tower varies with the size of the airport. Small general aviation airports 

typically have three to four controllers, while larger international airports can have up to fifteen 

controllers. Tower controllers use air-ground communications and other devices to provide ATC 

                                   
56 Internal FAA document (11 September 2012) 
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service to aircraft operating in the vicinity of an airport (FAA, 2007, p. 1-10). Figure B-3 depicts 

a tower cab. 

 

Figure B-3 Tower cab57 

TRACON. Many small general aviation airports in the U.S. do not have towers, so 

controllers at remote TRACON facilities guide aircraft in and out of the airport. Controllers in a 

TRACON work in windowless, dimly lit rooms located at another airport, either in the ATCT 

complex or in a separate building nearby.  

TRACON controllers provide departure, radar flight data, and arrival information. They 

sit in front of radarscopes and other displays while communicating directions to airports, ground 

terrain, and weather, as well as separation from other aircraft. TRACON controllers also 

determine the arrival sequence for the designated airspace of the airport at which they are located 

(FAA, 2007, p. 1-10). Figure B-4 depicts a TRACON interior. 

  

                                   
57 http://money.cnn.com/2013/06/13/news/federal-workers-retire/ accessed 13 June 2013 
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Figure B-4 TRACON58 

Air traffic controllers manage the web of radars, computers, and communications 

facilities that comprise the U.S.’s vast and complex NAS, which in many facilities, operates 24 

hours a day, seven days a week.  

Maintaining the safe and efficient flow of air traffic entails working in a very demanding 

environment that can be highly stressful, depending on variables such as weather patterns, traffic 

volume, and human actions. Air traffic controllers must continually analyze and take into 

account weather patterns to prevent planes from flying into poor conditions. Minute by minute, 

controllers make split-second decisions to ensure planes can fly safely and efficiently through 

their assigned space; for example, by keeping two aircraft at a safe distance from each other. 

They must also maintain communications with pilots and make sure their instructions are 

understood. ATCT controllers work in several positions: clearance delivery, ground control, and 

local control. TRACON controllers also work in several positions: departure, radar flight data, 

and arrival. In both facilities, controllers move from one position to another several times during 

their shift to maintain their competency in all positions. 

                                   
58 FAA Internal document (12 March 2013) 
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C. Freudenrich writes that ATC is mentally challenging work, requiring intense 

concentration. ATCT ground controllers, for example, must be able to quickly scan, memorize, 

and track the positions of all aircraft on the runways and taxiways. All controllers must be able to 

gather new information from others and know the geography of the airspace so they can apply 

incoming information to quickly make decisions. They must be able to read and interpret 

symbols as well as predict a plane’s location from course headings and speeds.59  

The regulation of work hours helps to ensure controllers can remain focused and 

effective. Research has shown that when controllers work for more than two hours without a 

break, performance can quickly deteriorate. Work schedules are defined by a contract between 

the FAA and the National Air Traffic Control Association (NATCA). It specifies three core 

shifts: day, evening, and midnight (NATCA 2009, pp. 102-105) for a basic workweek of eight 

consecutive hours on five consecutive days. Controllers have breaks every two hours with a 30-

minute meal break between the fourth and sixth hour. FAA determines the size of the crews 

required to manage air traffic at any given facility and hour, taking into account facility-specific 

factors, an approach called “staffing to traffic.” 

Most newly hired controllers are sent to one of two types of ACT facilities, an ATCT or a 

combination of ATCT-TRACON, where they continue their training for several years. The FAA 

sends new hires to these two types of facilities based on projected staffing requirements, as 

described in Figure B-5. 

                                   
59 http://science.howstuffworks.com/transport/flight/modern/air-traffic-control4.htm accessed 12 November 2013 
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Figure B-5 New hires by terminal facility type60 

 As a group, controllers are among the highest paid non-executive employees in the 

federal government, with an annual mean wage in May 2013 of $118,650.61 In addition to basic 

pay, the contract (NATCA 2009, pp. 217-232) provides premium pay for Sundays, holidays, and 

nights, as well as working during the meal break. 

B.5 Delegation of Authority 

Air traffic controllers function as professionals, they work independently, and exercise a 

high degree of individual control over their work within the confines of FAA standards and 

regulations (NATCA 2009, p. 624-625).  

Mintzberg (1983, p. 624) defined a professional as: 

“An individual who has mastered a complex but established body of knowledge 

and/or skills, through extensive formal training typically followed by some form of on-

the-job apprenticeship.” 

                                   
60 FAA internal document (12 August 2012) 
61 http://www.bls.gov/oes/current/oes532021.htm accessed 16 April 2014 
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Although FAA is a hierarchical professional organization (ibid. p. 624), the agency 

delegates authority for making many decisions to the lowest level of controller.  

The terrorist attacks of 11 September 2001 provide a good example of how this principle 

operates even under extreme conditions. Immediately following the attacks, middle managers in 

the field made air-traffic control decisions without waiting for executives in headquarters to issue 

orders.  

In Kraus’s (2008) timeline of the events, at 8:46 AM, Eastern Standard Time (EST), 

American Airline (AA) flight 11 crashed into the north tower of the World Trade Center in New 

York. At 9:05 AM EST, United Airline flight 175 crashed into the south tower. At 9:03 AM, the 

manager of the Boston En Route Center stopped all departures from airports in its jurisdiction 

(New England and eastern New York State) before FAA executives banned all takeoffs and 

flights into the Eastern U.S. from Boston to Washington at 9:06.  

FAA ATC policy encourages controllers to exercise their professional judgment if they 

encounter situations not covered by standard policy (FAA, 2010b. p. 1-1-1). Thus controllers 

must be able to improvise based on their experience. This requirement hinges on their having 

extensive exposure to mentors and other experienced colleagues during their formative years. 
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Appendix C: Controller Attributes, Selection, Training, and 

Certification 
C.1 Attributes 

Controllers need many attributes to qualify to work in ATC. Multiple references were 

used to compile this information — some are from other civil aviation authorities, as the FAA 

coordinates with the international community to standardize controller attributes. Although 

references are taken from international agencies, such as European Air Traffic Control 

Organization (Eurocontrol) and the Israeli Airports Authority, the FAA retains control over how 

it recruits, trains, and certifies its controllers. However, based on this research, it is my personal 

opinion that in some respects the FAA could learn from other civil aviation authorities, such as 

Eurocontrol, which has a different training and training tracking system in place for its air traffic 

controllers. 

Eurocontrol (2010) identifies a strong candidate controller as someone who has an 

interest in the aviation industry, excellent eyesight and hearing, excellent health in general, and 

exhibits the following cognitive traits: good spatial orientation, good memory, ability to think 

fast, ability to make quick decisions, multi-tasking ability, and facility with numbers. 

Job success for controllers also requires certain personality traits. According to 

Eurocontrol, candidates must be assertive and confident, stress resistant and calm under pressure, 

able and willing to adapt, and service-oriented. 

Controllers also should have key social traits, such as enjoying teamwork and being able 

to work rotating shifts, e.g., night, early morning, late night, and official holidays. Sennett (1998) 

points to the 1991 U.S. Department of Labor (DOL) Secretary’s commission on achieving 

necessary skills (SCANS) report that identifies the skills necessary to meet the needs of a 

flexible, global economy. In addition to basic verbal and math skills, the commission emphasized 

the need to teach students how to listen, teach others, and work in a team environment (Sennett, 

1998, p. 110; DOL, 1991, p. 23). These skills are particularly critical for air traffic controllers, 

who must work as part of a team whose membership may change from day to day because of 
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shift schedules. The SCANS report states that social skills should be portable. For controllers, 

who must move from team to team, that means being able to listen well and help others even as 

the team changes. 

Successful controllers require additional cognitive and noncognitive skills and personal 

attributes. For example, OPM points out that controllers should have additional competencies: 

they must be able to arrive quickly at well-reasoned solutions to complex problems, adjust 

quickly to different assignments, changing conditions, and workload fluctuations, remain calm 

and controlled during and after long periods of tension and fatigue, and speak rapidly, clearly, 

and distinctly.62 

In addition, the U.S. Bureau of Labor Statistics (BLS) maintains that controllers must be 

articulate, be intelligent, have a good memory, be decisive, and have the ability to concentrate.63 

Nickels, et al. (1995) provided a list of noncognitive skills that are relevant to for ATC personnel 

as well. Table C-1 lists noncognitive skills controllers are required to have. 

Table C-1 Noncognitive ATC specialist skills64 

Interpersonal 

Professionalism Ability to establish respect and confidence in one’s abilities among 
other controllers. 

Working cooperatively Willingness to work with others to achieve a common goal. This 
includes a willingness to voluntarily assist another controller if the 
situation warrants. 

Personal tolerance Ability to accommodate or deal with differences in personalities, 
criticisms, and interpersonal conflicts in the work environment. 

Work effort 

Self-esteem Having a positive opinion and image of oneself. 

Self-confidence A belief that you are the person for the job and knowing that your 
processes and decisions are correct. 

Aggressiveness Ability to take control of the situation ― to reach out and take action. 

Self-awareness Internal awareness of one’s actions and attitudes. This includes 
knowing one’s limitations. 

                                   
62 http://www.opm.gov/policy-data-oversight/classification-qualifications/general-schedule-qualification-
standards/2100/air-traffic-control-series-2152/ accessed 16 April 2014 
63 http://www.bls.gov/oco/ocos108.htm accessed 16 April 2014 
64 Nickels, et al. (1995, pp. 70-71) 
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Attention to detail Ability to recognize and attend to the details of the job that others 
might overlook. 

Task closure and thoroughness Ability to continue an activity to completion through the 
coordination and inspection of work. 

Decisiveness Ability to make decisions in a timely manner. 

Consistency Ability to behave consistently at work, e.g., dealing with coworkers 
in a consistent manner and consistently using the correct 
phraseology. 

Flexibility Ability to adjust or adapt to changing situations or conditions. 

Concentration Ability to focus on job activities amid distractions for short periods 
of time. 

Composure Ability to think clearly in stressful situations. 

Tolerance for high intensity work situations Ability to perform effectively and think clearly during heavy work 
flows. 

Motivation Desire to motivate oneself for challenges on the job and to progress 
to a higher level of skill. 

Commitment to the job Desire to become an ATC specialist and work hard to be successful. 

To excel in their jobs, air traffic controllers must be able to communicate clearly with 

their colleagues, supervisors, and airline crewmembers. They must also be able to share 

knowledge both about each flight under their control and about how they perform their function 

more generally. 

Visits to the Israeli Airports Authority (IAA) in September 2011 and to European ATC 

Organization (Eurocontrol) in April 2012 to discuss controller selection, training, and 

certification revealed similarities to and differences with the FAA. 

C.2 Selection 

IAA. IAA recruits only controllers previously certified and employed by the Israeli Air 

Force. Most new controllers are between 21 and 26 years old (U. Aloni, IAA Training Manager, 

personal interview, 19 September 2011). 

Eurocontrol. Eurocontrol recruits only students who have taken the college preparatory 

curriculum at their high school or secondary school. 
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To become a controller training for Eurocontrol, a candidate must meet the following 

conditions: be a national of one of Eurocontrol Member States (Eurocontrol, 2012) and have the 

minimum required level of education. 

The levels of education described in Table C-2 are in line with the Bologna Treaty. 

Table C-2 Eurocontrol levels of education65 

Grade AD competitions Grade AST competitions 
(depending on the post) 

Grade AST competitions 
(depending on the post) 

Masters degree Bachelor degree Secondary high 

1-2 year postgraduate program 
undertaken after at least 3 years 
of undergraduate university 
studies. 

Undergraduate university degree 
awarded for studies that last at 
least 3 years. 

Advanced level of education 
required to pursue university 
studies. 

The selection process is divided into three phases. 

The first phase, which uses a test battery called First European ATC Officer Selection 

Test (FEAST) (Eurocontrol),66 is divided into two parts. The first part is a Web-based test. The 

FEAST assesses cognitive abilities and intrinsic aptitudes, such as English language listening 

and comprehension, reaction time, planning ability, ability to learn and applying rules, speed and 

attention, and 3-D visualization. Another test assesses medium-term memory. During the second 

part of the first phase, the Dynamic ATC Radar Test assesses short-term memory and basic skills 

needed to become an ATC officer (e.g., right-left reflexes, three-dimensional thinking, and 

multitasking). Students are not tested for their innovative or creative abilities during the first 

phase. 

The second phase (assessment center) has a dual focus. Eurocontrol training staff 

evaluates students’ long-term memory, and role-play by the students provides an opportunity for 

innovation and creativity within the rules. 

                                   
65 http://www.eurocontrol.int/articles/conditions-apply-job-eurocontrol accessed 12 February 2012 
66 http://www.eurocontrol.int/services/first-european-air-traffic-controller-selection-test-feast accessed 2 February 
2012 
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In the third and final phase of the recruitment process, Eurocontrol takes into account 

staff’s opinion about the abilities of the prospective students. 

FAA. There are three types of FAA air traffic controller candidates: candidates who have 

previous ATC experience are eligible to become controllers, candidates who do not have ATC 

experience must have three years of progressively responsible work experience, a full four-year 

course of study leading to a bachelor's degree, or a combination of the two to qualify for further 

training, and candidates who have graduated from the FAA’s Air Traffic-Collegiate Training 

Initiative (AT-CTI) program are eligible for further training. 

Between 2002 and 2011, about a third of controller candidates came out of the AT-CTI 

programs. See Figure C-1 for additional information. The AT-CTI schools prepare students to 

take the FAA’s air traffic selection and training examination. 

 

Figure C-1 New hires from AT-CTI schools67 

Applicants from the general public must pass the Air Traffic Selection and Training (AT-

SAT) examination with a minimum score of 70 percent. The AT-SAT focuses on various 

characteristics, including numeric ability, prioritization, planning, tolerance for a high-intensity 

                                   
67 Internal FAA document (27 June 2012) 
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environment, decisiveness, visualization, problem solving, and movement detection (FAA, 

2012a, p. 42). 

In addition, applicants must meet the following requirements (ibid. p. 42): have U.S. 

citizenship, speak English clearly enough to be understood over communications equipment, be 

not older than age 30, and pass stringent medical and psychological exams, an extensive security 

background investigation, and an interview. 

C.3 Training 

IAA. New hires are typically eager to learn from the older, certified controllers through 

OJT. IAA provides a two-part curriculum: a five-month academic program that includes mastery 

of International Civil Aviation Organization (ICAO) documents, Israeli rules and air law, 

aviation, navigation, radiotelephony, terminal instrument procedures (procedures for air 

navigation services [operations]), and meteorology as well as completion of a month-long tower 

simulator and training course, preceded by two weeks of classroom exercises to learn the airport 

layout. IAA is able to use an abbreviated course because of the students' past experience in the 

Israeli Air Force. 

Students learn ATC skills during this two-part course. Once the students successfully 

complete both parts, IAA decides who is hired as a controller based on the information gathered 

during the course. 

Controllers must take five days of simulator training annually. They must also take two 

computer-based courses each month. 

Eurocontrol. If a candidate successfully completes the selection procedure and joins 

Eurocontrol’s training course, he or she can expect that the average duration of the training will 

be about two and one half years. The training (Eurocontrol, 2010) includes theoretical and 

simulator lessons and intensive on-the-job and simulator training. 

Initial ATC training is conducted at the Institute for Air Navigation Services (IANS) in 

Luxembourg. Continuing ATC unit training and OJT is conducted at the Maastricht Upper Area 
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Control (MUAC) Centre. It generally takes about five years from the time a student initially 

applies for the initial training until he or she is fully validated to serve as a certified air traffic 

control officer. 

Both IANS and MUAC training staff use a competence-based assessment scheme 

developed by the training division in Maastricht to track each student’s progress. Students have 

to maintain a minimum assessment rating of 70 percent to remain in the program (M. Schneider, 

Head, Training & Proficiency Division, personal interview, 25 April 2012). 

FAA. FAA began its latest controller training initiative in 1990 when it created the AT-

CTI program. In that year, the agency established non-funded partnerships with five colleges to 

offer basic ATC courses. In 1996, FAA expanded the program to include 13 colleges and 

universities, and by 2011 it was partnering with 36 schools. FAA (2012c) provides a complete 

list of the schools.  

AT-CTI schools, designated as post-secondary educational institutions, grant certificates, 

associate degrees, or bachelor’s degrees. The agency provides AT-CTI schools with curricula, 

lesson plans, and behavioral objectives for the FAA Air Traffic Basics Course. FAA does not 

provide specific academic or technical aviation instruction for the other courses. Rather, it uses 

the more general term of “broad aviation knowledge” to identify academic educational standards. 

Graduates from an AT-CTI school are not guaranteed an ATC job with the FAA. 

Schools are expected to teach the contents of the FAA's Air Traffic Basics Course and 

ensure graduates have a broad knowledge of the aviation industry and the requisite knowledge, 

skills, and abilities to succeed in the subsequent FAA training program. 

Although some schools offer computer simulation training as a part of their curriculum, it 

is not a requirement of the AT-CTI program (FAA, 2009b, p. 5). Embry-Riddle Aeronautical 

University, for example, uses high-fidelity computer simulation, which school officials say 

creates an effective learning environment. 

AT-CTI graduates who are hired can bypass the Air Traffic Basics Course, the first five 

weeks of qualification training at the FAA Academy. Candidates who do not have previous ATC 
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experience or are not AT-CTI graduates must attend the Academy for the full 12 weeks to learn 

the fundamentals of the aerospace system, FAA regulations, controller equipment, and aircraft 

performance characteristics as well as more specialized tasks. After graduating from the FAA 

Academy, candidates are assigned to an ATC facility and are classified as developmental 

controllers until they complete all requirements to be certified for all ATC positions within their 

facility. In addition, each controller must pass an annual physical examination and a job 

performance examination twice each year.  

Facility-specific training consists of a combination of computer simulation, OJT, and 

online courses to master the skills required for ATC certification. The FAA ATC training policy 

requires every OJT instructor to fill out an evaluation of the instruction given to the 

developmental controller (FAA, 2012b, Appendix B). Each stage of training represents a 

different control position or group of control positions, depending on the type of ATC facility. 

For example, in the tower cab, OJT is provided for flight data, ground control, and local control. 

Because OJT is labor intensive, at some facilities FAA asks Raytheon, the agency training 

contractor, to hire retired controllers (FAA, 2010c, p. 47). 

All consolidated TRACONs and stand-alone TRACONs rated level 8 and higher use a 

radar simulator for training. ATCTs rated level 8 and higher use a tower simulation system (R. 

M. Clyburn, Manager, Safety Promotion, personal interview 22 January). (ATC facilities are 

rated by the number of aircraft they process – the higher number of aircraft, the higher level of 

the facility.)  

Simulators are sometimes used to reduce OJT by exposing controllers to variations 

reflecting the local configuration of the airspace and traffic. They can also simulate emergencies 

and unusual conditions that are infrequently encountered in the facility. Computer simulations 

can be an effective part of controller training and recurrent training. Juričić, Varešak, & Božić 

(2011) discuss the usefulness of operational computer simulation: “Training is given in the 

operational work situation with use of site-specific computer simulation and, upon completion, in 

live traffic where previously acquired skills and routines are further developed and consolidated 

under the supervision of a qualified instructor (Juričić, et al. 2011, p. 3).” 
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Between 1991 and 2002, the agency conducted the job analysis and test development 

work that led to AT-SAT, and the Air Traffic Training Workgroup (ATTWG) overhauled the 

controller-training program in two important ways: (1) it decoupled selection from training, and 

(2) it introduced performance verification into the training process. 

In December 2004, FAA released its ten-year strategy for the air traffic controller 

workforce to address concerns about its ability to replace the large number of controllers 

expected to retire in response to a congressional mandate (section 221 of Public Law 108-176,68 

updated by Public Law 111-11769). The strategy contained a staffing plan that called for training 

controllers more quickly to ensure enough recruits in the pipeline to replace controllers expected 

to retire. In 2004, FAA announced a ten-year air traffic controller staffing plan, calling for hiring 

12,500 controllers to allow the required lead time for training and maintaining an appropriate 

ratio between new hires and certified controllers at all ATC facilities. 

In August 2006, FAA released an updated plan to hire more than 11,800 new air traffic 

controllers through 2016. The plan also discussed steps the agency was taking to improve 

training for new controllers. The agency has since issued four additional updates to the plan, the 

latest in 2012 (FAA, 2012a). In addition, the FAA’s Air Traffic Organization (ATO) appointed 

its first technical training and development director in 2007 to oversee, among other activities, 

air traffic controller training. 

During congressional testimony in 2004, the U.S. Department of Transportation’s (DOT) 

Office of the Inspector General (OIG) criticized FAA for not keeping “national statistics on 

controller OJT, which is the longest portion of controller training… To effectively manage the 

OJT process as hiring increases, FAA will need data such as the time and costs required to 

complete OJT, the number of training failures, and any delays in the process to benchmark 

against and improve the time and costs associated with OJT (OIG, 2007, p. ii).” 

In a follow-up report, the DOT IG reported that because the agency does not provide 

national statistics on the OJT process, it visited 17 FAA facilities to compile its own data. 

However, because of large discrepancies in the data, it was not possible to determine whether the 
                                   
68 http://www.gpo.gov/fdsys/pkg/PLAW-108publ176/pdf/PLAW-108publ176.pdf accessed 15 April 2013 
69 http://www.gpo.gov/fdsys/pkg/PLAW-111publ117/pdf/PLAW-111publ117.pdf accessed 15 April 2013 
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training was managed in a timely and cost-effective way (OIG, 2004, p. 5). Table C-3 shows the 

statistics collected during fiscal years 2002 and 2003 in agency terminal facilities. 

Table C-3 Training statistics provided by eight terminal facilities70 

Facility 
Training 
failures 

Number of newly 
certified 

controllers 

Average years to 
certify as a controller 

(*) 

Average hours 
training on live 

traffic (*) 

Atlanta TRACON  18 3 
Excluded because of 
recent consolidation 

Excluded because of 
recent consolidation 

Chicago TRACON  14 3 1.8 462 

Minneapolis TRACON  1 12 1.7 721 

New York TRACON  35 16 1.7 

Average data not 
available. Data 

available by 
individual. 

Southern California 
TRACON  3 8 1.0 299 

LaGuardia Tower  0 2 1.8 291 

Los Angeles Tower  1 8 1.3 425 

Minneapolis Tower 11 5 .6 316 

(*) Data reflect certified professional controllers (CPC) certified during fiscal years 2002 

and 2003 and do not include training failures or developmental controllers who were not 

certified. 

In response to these concerns, in 2009, FAA established the Technical Training and 

Development Office, which consolidates ATC training under one headquarters office and 

oversees a national ATC training database (FAA, 2009b, p. 1). 

To help train an increasing number of new recruits, FAA awarded a contract to the 

Raytheon Company in 2008 in support of air traffic controller training. The ten-year award 

replaced separate contracts to support initial training at the FAA Academy in Oklahoma City and 

ongoing training in air traffic facilities nationwide. The consolidation into a single contract gave 

Raytheon the ability to support the entire lifecycle of controller training, enabling the agency to 

provide more integrated training throughout a controller’s career (FAA, 2010a, p. 119). This 

                                   
70 Extracted from OIG (2004. p. 16) 
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change also shifted some of the facility-based instruction from OJT instructors to the computer 

simulation laboratory, enabling senior controllers to better carry out their operational duties. 

As part of its safety oversight function, FAA implemented a credentialing program for air 

traffic controllers in 2008 to ensure that all controllers have and maintain the necessary skills to 

perform their duties. Credential ratings are connected to the facility where a controller works and 

must be renewed every two years (FAA, 2009a, pp. v; 105). The agency has also established 

benchmark targets with the aim of reducing training time to two years for terminal controllers, 

and it now uses the national training database to track the time from initial hire through 

certification, providing a full picture of the training process (ibid. p. 105). 

In 2011, FAA updated its technical air traffic training order, which covers the following 

items: training requirements for ATC specialists, requirements for tracking individual training, 

and responsibilities of ATO’s Technical Training and Development office.  

The new order also updates the roles and responsibilities of the training team, including 

the technical training office and its staff, the FAA Academy, and facility employees (FAA, 

2012b, Chapter 2), summarized as follows: the technical training office issues program guidance 

and develops individual and organizational competencies for the ATC workforce, the service 

units implement, administer, and evaluate the technical training program, and the FAA Academy 

delivers technical training and supports the administration of the national training program. 

C.4 Certification 

IAA. IAA requires students to take a battery of tests at the end of their classroom studies 

and computer simulation, described in Section C.2.1. After successfully completing the tests, 

they are assigned to a specific position at a facility for an additional three years of training under 

the supervision of a certified controller. IAA then administers a final exam and certifies those 

who pass (U. Aloni, Manager, Haifa ATCT, telephone interview, 27 June 2012). 

Eurocontrol. During initial training, students perform 300 computer simulation 

exercises, about four a day. During the weeklong rating examinations, each student takes ten 

executive controller and ten coordinating controller tests, which lead to their certification. 
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FAA. To become a CPC, a controller must complete several training stages that prepare 

him or her to operate in different control positions. A CPC must be certified for each position in 

a facility in which he or she will work (FAA, 2009a, p. 105). When a CPC moves to another 

ATC facility, the controller must undergo additional training and recertification as each facility 

has a different airspace configuration and, in the case of a tower, a different airport layout. The 

FAA ATC training policy requires certified controllers to undergo annual refresher training 

specific to their facility (FAA, 2012b, Chapter 4). 
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Appendix D: Questionnaire 

 

Figure D-1 Survey opening page 
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Figure D-2 Survey page 1 
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Figure D-3 Survey page 2 
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Figure D-4 Survey page 3 
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Figure D-5 Survey page 4 
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Figure D-6 Survey page 5 
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Figure D-7 Survey page 6 
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Figure D-8 Survey page 7 
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Figure D-9 Survey page 8 
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Figure D-10 Survey page 9 

 

Figure D-11 Thank you page 
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Appendix E: Links Between the Hypotheses and the 

Questionnaire 

This lists the questions associated with each hypothesis. 

E.1 Questions applicable to H1 

Q1-1. For the following, indicate how you use each medium. 

§ Personal social network, such as Facebook 

§ Professional social network, such as LinkedIn 

§ Wiki, such as Wikipedia 

§ Video sharing, such as YouTube 

§ Blog, such as Blogger 

§ Picture sharing, such as Flickr or Picasa 

§ Interactive simulations, such as video games 

§ Mobile applications, such as FourSquare 

§ Peer-to-peer, such as Skype 

§ Microblogging, such as Twitter or Yammer 

§ Social bookmarks, such as Delicious 

§ None of the above 

Q1-2. For the following, indicate your level of use for each medium. 

§ (See the list in Q1-1 above) 

Q1-7. Indicate how often you communicate with your friends and colleagues using the 

following methods. 

§ Land line phone 

§ Mobile phone 

§ E-Mail 

§ Texting 
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§ Social networks (using one of the methods indicated in Q1-1) 

Q1-8. Indicate how you prefer your friends and colleagues (both inside and outside the 

agency) to communicate with you. 

§ (See the list in Q1-7 above) 

Q1-9. Indicate how often your friends and colleagues communicate with you using the 

following methods. 

§ (See the list in Q1-7 above) 

Q1-12. Indicate how often you approach the people you listed in Q1-10.44 

§ A colleague in your age group 

§ An older colleague 

§ A younger colleague 

Q1-15. Indicate how often the people you listed approach you. 

§ Land line phone 

§ Mobile phone 

§ E-Mail 

§ Texting 

§ Face to face 

§ Social networks (using one of the methods indicated in Q1-1) 

E.2 Questions applicable to H2 

Q2-2. How did you find the answer [for the task]?  

§ Asked a colleague 

§ Searched online 

§ Texted a colleague 

§ Posted a question to a social media site 
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E.3 Question applicable to H3 

Q3-1. How effective to you are (were) the following methods used in ATC training? 

§ Classroom lectures 

§ Mentoring 

§ Simulations 

§ Study guides 

§ Web-based training 

Q3-2. If the following resources were implemented in your training, how much do you 

think they would have helped you? 

§ Mentoring programs 

§ Peer assist programs 

E.4 Question applicable to H4 

Q3-3. If the following tools were implemented in your training, how much do you think 

they would have helped you? 

§ Accessible electronic documents 

§ Expert answers in FAQ databases 

§ Lab simulations 

§ Message boards 

E.5 Questions applicable to H5 

Q1-19. During the past month, how often did you do what you indicated in Q1-18?45 

§ Located experts within the agency who have specific skills, knowledge, or expertise 

§ Found specific information, sources of data, or other resources in a timely fashion 

§ Identified lessons learned from past incidents or people’s experience 

§ Identified initiatives taking place in other ATC facilities in the agency 

§ Shared work information with others 
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§ Build and maintained a body of knowledge related to your work 

E.6 Questions applicable to H6 

Q2-3. How did you capture the information [for the task]? 

§ Wrote it down in a notebook 

§ Typed it up 

§ Posted it in an online document 

§ Posted it to a social media site 

E.7 Questions applicable to H7 

Q2-4. How did you prepare the report [for the task]? 

§ Wrote it down 

§ Typed it up 

§ Collaborated with colleagues in the cloud 

§ Used a word processor or a presentation program 

E.8 Questions applicable to H1-H7 

Q4-3. Identify your gender. 

Q4-4. Identify your age group. 

Q4-5. Identify your highest level of education. 

The results of the relationship between the survey questions and the hypotheses are 

described in Chapter 5, and conclusions and recommendations are discussed in Chapter 6. 
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Appendix F: Questions and Variables Crosswalk 

The source of all the tables in this appendix is an FAA internal document, the data 

analysis, 13 February 2013. 

Table F-1 Variable information 

Variable Position Label Measurement 
Level 

Role Colum
n 

Width 
Alignment Print 

Form
at 

Write 
Form

at 
FacilityNam
e 1 Facility Name Nominal Input 10 Left A3 A3 
UniqueID 2 Unique ID Nominal Input 7 Left A7 A7 

Q11AA 3 

Q1-1-AA 
Personal social 
network create 
or comment on 
posts 

Nominal Input 12 Right F12 F12 

Q11AB 4 

Q1-1-AB 
Personal social 
network read 
posts 

Nominal Input 12 Right F12 F12 

Q11BA 5 

Q1-1-BA 
Professional 
social network 
create or 
comment on 
posts 

Nominal Input 12 Right F12 F12 

Q11BB 6 

Q1-1-BB 
Professional 
social network 
read posts 

Nominal Input 12 Right F12 F12 

Q11CA 7 
Q1-1-CA Wiki 
create or edit 
articles 

Nominal Input 12 Right F12 F12 

Q11CB 8 Q1-1-CB Wike 
read articles Nominal Input 12 Right F12 F12 

Q11DA 9 
Q1-1-DA Video 
sharing create 
or post videos 

Nominal Input 12 Right F12 F12 

Q11DB 10 
Q1-1-DB Video 
sharing view 
videos 

Nominal Input 12 Right F12 F12 
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Q11EA 11 

Q1-1-EA 
Blogging create 
or comment on 
posts 

Nominal Input 12 Right F12 F12 

Q11EB 12 
Q1-1-EB 
Blogging read 
posts 

Nominal Input 12 Right F12 F12 

Q11FA 13 
Q1-1-FA 
Picture sharing 
post photos 

Nominal Input 12 Right F12 F12 

Q11FB 14 
Q1-1-FB 
Picture sharing 
view photos 

Nominal Input 12 Right F12 F12 

Q11G 15 

Q1-1-G 
Interactive 
applications 
play video 
games 

Nominal Input 12 Right F12 F12 

Q11H 16 

Q1-1-H Mobile 
applications 
find friends in 
real time 

Nominal Input 12 Right F12 F12 

Q11I 17 

Q1-1-I Peer-to-
peer 
communication
s make audio or 
video calls 

Nominal Input 12 Right F12 F12 

Q11JA 18 

Q1-1-JA 
Microblogging 
create or 
redirect posts 

Nominal Input 12 Right F12 F12 

Q11JB 19 
Q1-1-JB 
Microblogging 
read posts 

Nominal Input 12 Right F12 F12 

Q11KA 20 

Q1-1-KA 
Social 
bookmarks 
create or 
comment on 
bookmarks 

Nominal Input 12 Right F12 F12 

Q11KB 21 
Q1-1-KB Social 
bookmarks read 
bookmarks 

Nominal Input 12 Right F12 F12 

Q11L 22 Q1-1-L None of 
the above Nominal Input 12 Right F12 F12 

Q12A 23 
Q1-2-A 
Personal social 
network 

Ordinal Input 12 Right F12 F12 

Q12B 24 Q1-2-B Wiki Ordinal Input 12 Right F12 F12 
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Q12C 25 Q1-2-C Video 
sharing Ordinal Input 12 Right F12 F12 

Q12D 26 Q1-2-D Blog Ordinal Input 12 Right F12 F12 

Q12E 27 Q1-2-E Picture 
sharing Ordinal Input 12 Right F12 F12 

Q12F 28 
Q1-2-F 
Interactive 
simulation 

Ordinal Input 12 Right F12 F12 

Q12G 29 Q1-2-G Mobile 
application Ordinal Input 12 Right F12 F12 

Q12H 30 
Q1-2-H Peer-
to-peer 
communication 

Ordinal Input 12 Right F12 F12 

Q12I 31 Q1-2-I 
Microblogging Ordinal Input 12 Right F12 F12 

Q12J 32 Q1-2-J Social 
bookmark Ordinal Input 12 Right F12 F12 

Q12K 33 
Q1-2-K 
Professional 
social network 

Ordinal Input 12 Right F12 F12 

Q17A 34 

Q1-7-A How 
often 
communicate 
outbound by 
land line phone 

Ordinal Input 12 Right F12 F12 

Q17B 35 

Q1-7-B How 
often 
communicate 
outbound by 
mobile phone 

Ordinal Input 12 Right F12 F12 

Q17C 36 

Q1-7-C How 
often 
communicate 
outbound by e-
mail 

Ordinal Input 12 Right F12 F12 

Q17D 37 

Q1-7-D How 
often 
communicate 
outbound by 
texting 

Ordinal Input 12 Right F12 F12 

Q17E 38 

Q1-7-E How 
often 
communicate 
outbound by 
social network 

Ordinal Input 12 Right F12 F12 
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Q18 39 

Q1-8 Indicate 
how you prefer 
your friends and 
colleagues 
(both inside and 
outside the 
agency) to 
communicate 
with you 

Ordinal Input 11 Right F11 F11 

Q19A 40 

Q1-9-A How 
often 
communicate 
inbound by land 
line phone 

Ordinal Input 12 Right F12 F12 

Q19B 41 

Q1-9-B How 
often 
communicate 
inbound by 
mobile phone 

Ordinal Input 12 Right F12 F12 

Q19C 42 

Q1-9-C How 
often 
communicate 
inbound by e-
mail 

Ordinal Input 12 Right F12 F12 

Q19D 43 

Q1-9-D How 
often 
communicate 
inbound by 
texting 

Ordinal Input 12 Right F12 F12 

Q19E 44 

Q1-9-E How 
often 
communicate 
inbound by 
social network 

Ordinal Input 12 Right F12 F12 

Q112A 45 

Q1-12-A How 
often approach 
Q1-10 people 
by land line 
phone 

Ordinal Input 12 Right F12 F12 

Q112B 46 

Q1-12-B How 
often you 
approach Q1-10 
people by 
mobile phone 

Ordinal Input 12 Right F12 F12 

Q112C 47 

Q1-12-C How 
often you 
approach Q1-10 
people by e-
mail 

Ordinal Input 12 Right F12 F12 



 

 191 

Q112D 48 

Q1-12-D How 
often you 
approach Q1-10 
people by 
texting 

Ordinal Input 12 Right F12 F12 

Q112E 49 

Q1-12-E How 
often you 
approach Q1-10 
people face-to-
face 

Ordinal Input 12 Right F12 F12 

Q112F 50 

Q1-12-F How 
often you 
approach Q1-10 
people by social 
network 

Ordinal Input 12 Right F12 F12 

Q115A 51 

Q1-15-A How 
often Q1-13 
people 
approach you 
by land line 
phone 

Ordinal Input 12 Right F12 F12 

Q115B 52 

Q1-15-B How 
often Q1-13 
people 
approach you 
by mobile 
phone 

Ordinal Input 12 Right F12 F12 

Q115C 53 

Q1-15-C How 
often Q1-13 
people 
approach you 
by e-mail 

Ordinal Input 12 Right F12 F12 

Q115D 54 

Q1-15-D How 
often Q1-13 
people 
approach you 
by texting 

Ordinal Input 12 Right F12 F12 

Q115E 55 

Q1-15-E How 
often Q1-13 
people 
approach you 
face-to-face 

Ordinal Input 12 Right F12 F12 

Q115F 56 

Q1-15-F How 
often Q1-13 
people 
approach you 
by social 
network 

Ordinal Input 12 Right F12 F12 
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Q119A 57 

Q1-19-A In past 
month how 
often did you 
locate experts in 
agency 

Ordinal Input 12 Right F12 F12 

Q119B 58 

Q1-19-B In past 
month how 
often did you 
find specific 
information 

Ordinal Input 12 Right F12 F12 

Q119C 59 

Q1-19-C In past 
month how 
often did you 
identify lessons 
learned 

Ordinal Input 12 Right F12 F12 

Q119D 60 

Q1-19-D In past 
month how 
often did you 
identify 
initiatives 
taking place 

Ordinal Input 12 Right F12 F12 

Q119E 61 

Q1-19-E In past 
month how 
often did you 
share work 
information 
with others 

Ordinal Input 12 Right F12 F12 

Q119F 62 

Q1-19-F In past 
month how 
often did you 
build & 
maintain body 
of work 
knowledge 

Ordinal Input 12 Right F12 F12 

Q21 63 
Q2-1 How did 
you capture the 
assignment 

Nominal Input 12 Right F12 F12 

Q22 64 
Q2-2 How did 
you find the 
answer? 

Nominal Input 12 Right F12 F12 

Q23 65 
Q2-3 How did 
you capture the 
information? 

Nominal Input 12 Right F12 F12 

Q24 66 
Q2-4 How did 
you prepared 
the report? 

Nominal Input 12 Right F12 F12 

Q25 67 
Q2-5 How did 
you submit the 
report? 

Nominal Input 12 Right F12 F12 
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Q31AA 68 

Q3-1-AA 
Methods: 
Classroom 
lectures: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q31AB 69 

Q3-1-AB 
Methods: 
Classroom 
lectures: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q31AC 70 

Q3-1-AC 
Methods: 
Classroom 
lectures: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q31AD 71 

Q3-1-AD 
Methods: 
Classroom 
lectures: Maps 
& charts 

Ordinal Input 12 Right F12 F12 

Q31BA 72 

Q3-1-BA 
Methods: 
Mentoring: 
ATC equipment 

Ordinal Input 12 Right F12 F12 

Q31BB 73 

Q3-1-BB 
Methods: 
Mentoring: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q31BC 74 

Q3-1-BC 
Methods: 
Mentoring: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q31BD 75 

Q3-1-BD 
Methods: 
Mentoring: 
Maps & charts 

Ordinal Input 12 Right F12 F12 

Q31CA 76 

Q3-1-CA 
Methods: 
Simulations: 
ATC equipment 

Ordinal Input 12 Right F12 F12 
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Q31CB 77 

Q3-1-CB 
Methods: 
Simulations: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q31CC 78 

Q3-1-CC 
Methods: 
Simulations: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q31CD 79 

Q3-1-CD 
Methods: 
Simulations: 
Maps & charts 

Ordinal Input 12 Right F12 F12 

Q31DA 80 

Q3-1-DA 
Methods: Study 
guides: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q31DB 81 

Q3-1-DB 
Methods: Study 
guides: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q31DC 82 

Q3-1-DC 
Methods: Study 
guides: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q31DD 83 

Q3-1-DD 
Methods: Study 
guides: Maps & 
charts 

Ordinal Input 12 Right F12 F12 

Q31EA 84 

Q3-1-EA 
Methods: Web-
based training: 
ATC equipment 

Ordinal Input 12 Right F12 F12 

Q31EB 85 

Q3-1-EB 
Methods: Web-
based training: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q31EC 86 

Q3-1-EC 
Methods: Web-
based training: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 
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Q31ED 87 

Q3-1-ED 
Methods: Web-
based training: 
Maps & charts 

Ordinal Input 12 Right F12 F12 

Q32AA 88 

Q3-2-AA 
Resources: 
Mentoring 
programs: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q32AB 89 

Q3-2-AB 
Resources: 
Mentoring 
programs: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q32AC 90 

Q3-2-AC 
Resources: 
Mentoring 
programs: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q32AD 91 

Q3-2-AD 
Resources: 
Mentoring 
programs: Maps 
& charts 

Ordinal Input 12 Right F12 F12 

Q32BA 92 

Q3-2-BA 
Resources: Peer 
assist programs: 
ATC equipment 

Ordinal Input 12 Right F12 F12 

Q32BB 93 

Q3-2-BB 
Resources: Peer 
assist programs: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q32BC 94 

Q3-2-BC 
Resources: Peer 
assist programs: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q32BD 95 

Q3-2-BD 
Resources: Peer 
assist programs: 
Maps & charts 

Ordinal Input 12 Right F12 F12 



 
 

 196 

Q33AA 96 

Q3-3-AA 
Tools: 
Accessible 
electronic 
documents: 
ATC equipment 

Ordinal Input 12 Right F12 F12 

Q33AB 97 

Q3-3-AB 
Tools: 
Accessible 
electronic 
documents: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q33AC 98 

Q3-3-AC 
Tools: 
Accessible 
electronic 
documents: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q33AD 99 

Q3-3-AD 
Tools: 
Accessible 
electronic 
documents: 
Maps & charts 

Ordinal Input 12 Right F12 F12 

Q33BA 100 

Q3-3-BA 
Tools: Expert 
FAQs: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q33BB 101 

Q3-3-BB Tools: 
Expert FAQs: 
ATC 
techniques, 
procedures, and 
processes 

Ordinal Input 12 Right F12 F12 

Q33BC 102 

Q3-3-BC Tools: 
Expert FAQs: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q33BD 103 

Q3-3-BD 
Tools: Expert 
FAQs: Maps & 
charts 

Ordinal Input 12 Right F12 F12 

Q33CA 104 

Q3-3-CA 
Tools: Lab 
simulations: 
ATC equipment 

Ordinal Input 12 Right F12 F12 
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Q33CB 105 

Q3-3-CB Tools: 
Lab 
simulations: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q33CC 106 

Q3-3-CC Tools: 
Lab 
simulations: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q33CD 107 

Q3-3-CD 
Tools: Lab 
simulations: 
Maps & charts 

Ordinal Input 12 Right F12 F12 

Q33DA 108 

Q3-3-DA 
Tools: Message 
boards: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q33DB 109 

Q3-3-DB 
Tools: Message 
boards: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q33DC 110 

Q3-3-DC 
Tools: Message 
boards: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q33DD 111 

Q3-3-DD 
Tools: Message 
boards: Maps & 
charts 

Ordinal Input 12 Right F12 F12 

Q34AA 112 

Q3-4-AA 
Policies: Best 
practices: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q34AB 113 

Q3-4-AB 
Policies: Best 
practices: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q34AC 114 

Q3-4-AC 
Policies: Best 
practices: 
Aviator 
meteorology 

Ordinal Input 12 Right F12 F12 
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Q34AD 115 

Q3-4-AD 
Policies: Best 
practices: Maps 
& charts 

Ordinal Input 12 Right F12 F12 

Q34BA 116 

Q3-4-BA 
Policies: Expert 
FAQ: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q34BB 117 

Q3-4-BB 
Policies: Expert 
FAQ: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q34BC 118 

Q3-4-BC 
Policies: Expert 
FAQ: Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q34BD 119 

Q3-4-BD 
Policies: Expert 
FAQ Maps & 
charts 

Ordinal Input 12 Right F12 F12 

Q34CA 120 

Q3-4-CA 
Policies: Study 
guides: ATC 
equipment 

Ordinal Input 12 Right F12 F12 

Q34CB 121 

Q3-4-CB 
Policies: Study 
guides: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q34CC 122 

Q3-4-CC 
Policies: Study 
guides: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q34CD 123 

Q3-4-CD 
Policies: Study 
guides: Maps & 
charts 

Ordinal Input 12 Right F12 F12 

Q34DA 124 

Q3-4-DA 
Policies: 
Mentoring 
support: ATC 
equipment 

Ordinal Input 12 Right F12 F12 
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Q34DB 125 

Q3-4-DB 
Policies: 
Mentoring 
support: ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q34DC 126 

Q3-4-DC 
Policies: 
Mentoring 
support: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q34DD 127 

Q3-4-DD 
Policies: 
Mentoring 
support: Maps 
& charts 

Ordinal Input 12 Right F12 F12 

Q34EA 128 

Q3-4-EA 
Policies: Peer 
assist support: 
ATC equipment 

Ordinal Input 12 Right F12 F12 

Q34EB 129 

Q3-4-EB 
Policies: Peer 
assist support: 
ATC 
techniques, 
procedures, & 
processes 

Ordinal Input 12 Right F12 F12 

Q34EC 130 

Q3-4-EC 
Policies: Peer 
assist support: 
Aviation 
meteorology 

Ordinal Input 12 Right F12 F12 

Q34ED 131 

Q3-4-ED 
Policies: Peer 
assist support: 
Maps & charts 

Ordinal Input 12 Right F12 F12 

Q351 132 
Q3-5-1 
Reviewing class 
materials 

Ordinal Input 12 Right F12 F12 

Q352 133 Q3-5-2 Doing 
homework Ordinal Input 12 Right F12 F12 

Q353 134 
Q3-5-3 
Studying for an 
exam 

Ordinal Input 12 Right F12 F12 
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Q36 135 

Q3-6 % of 
training time 
prefer 
interacting with 
others 

Ordinal Input 12 Right F12 F12 

Q42 136 Q4-2 Position Nominal Input 12 Right F12 F12 

Q43 137 Q4-3 Gender Nominal Input 12 Right F12 F12 

Q44 138 Q4-4 Age group Ordinal Input 12 Right F12 F12 

Q45 139 Q4-5 Education Ordinal Input 12 Right F12 F12 

Generation 140 Generation Nominal Input 12 Right F1 F1 

n_social_me
dia_used 141 N social media 

used Nominal Input 21 Right F8 F8 

f_social_me
dia_used 142 

Frequency 
social media 
used 

Scale Input 21 Right F3.2 F3.2 

active_social 143 

N Social media 
actively used 
(create or post 
content) 

Scale Input 15 Right F2 F2 

passive_soci
al 144 

N Social media 
passively used 
(read) 

Scale Input 16 Right F2 F2 

freq_social 145 
Frequency 
social media 
used 

Scale Input 13 Right F3.2 F3.2 

landline 146 Landline usage Scale Input 10 Right F3.2 F3.2 

mobile 147 Mobile phone 
usage Scale Input 10 Right F3.2 F3.2 

email 148 E-Mail usage Scale Input 10 Right F3.2 F3.2 

text 149 Text usage Scale Input 10 Right F3.2 F3.2 

snetwork 150 Social network 
usage Scale Input 10 Right F3.2 F3.2 

face2face 151 Face-to-face 
usage Scale Input 11 Right F3.2 F3.2 

classroom 152 
Classroom 
lecture 
effectiveness 

Scale Input 11 Right F3.2 F3.2 

mentoring 153 Mentoring 
effectiveness Scale Input 11 Right F3.2 F3.2 

simulation 154 Simulation 
effectiveness Scale Input 12 Right F3.2 F3.2 

studyguide 155 Study guide 
effectiveness Scale Input 12 Right F3.2 F3.2 
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web 156 
Web-based 
training 
effectiveness 

Scale Input 10 Right F3.2 F3.2 

mentor_prog
ram 157 

Mentoring 
program 
effectiveness 

Scale Input 16 Right F3.2 F3.2 

peer 158 
Peer Assist 
program 
effectiveness 

Scale Input 10 Right F3.2 F3.2 

edocs 159 
Electronics 
documents 
helpfulness 

Scale Input 10 Right F3.2 F3.2 

faq 160 FAQ database 
helpfulness Scale Input 10 Right F3.2 F3.2 

labs 161 Simulation labs 
helpfulness Scale Input 10 Right F3.2 F3.2 

 

Table F-2 Variable values 

Value Label 

Q11AA 0 No 

1 Yes 

Q11AB 
0 No 

1 Yes 

Q11BA 
0 No 

1 Yes 

Q11BB 
0 No 

1 Yes 

Q11CA 
0 No 

1 Yes 

Q11CB 
0 No 

1 Yes 

Q11DA 
0 No 

1 Yes 

Q11DB 
0 No 

1 Yes 

Q11EA 
0 No 

1 Yes 
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Q11EB 
0 No 

1 Yes 

Q11FA 
0 No 

1 Yes 

Q11FB 
0 No 

1 Yes 

Q11G 
0 No 

1 Yes 

Q11H 
0 No 

1 Yes 

Q11I 
0 No 

1 Yes 

Q11JA 
0 No 

1 Yes 

Q11JB 
0 No 

1 Yes 

Q11KA 
0 No 

1 Yes 

Q11KB 
0 No 

1 Yes 

Q11L 
0 No 

1 Yes 

Q12A 

0 N/A 

1 Seldom 

5 Often 

Q12B 

0 N/A 

1 Seldom 

5 Often 

Q12C 

0 N/A 

1 Seldom 

5 Often 

Q12D 

0 N/A 

1 Seldom 

5 Often 

Q12E 

0 N/A 

1 Seldom 

5 Often 
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Q12F 

0 N/A 

1 Seldom 

5 Often 

Q12G 

0 N/A 

1 Seldom 

5 Often 

Q12H 

0 N/A 

1 Seldom 

5 Often 

Q12I 

0 N/A 

1 Seldom 

5 Often 

Q12J 

0 N/A 

1 Seldom 

5 Often 

Q12K 

0 N/A 

1 Seldom 

5 Often 

Q17A 

0 N/A 

1 Seldom 

5 Often 

Q17B 

0 N/A 

1 Seldom 

5 Often 

Q17C 0 N/A 

 1 Seldom 

 5 Often 

Q17D 

0 N/A 

1 Seldom 

5 Often 

Q17E 

0 N/A 

1 Seldom 

5 Often 

Q18 

1 Landline phone 

2 Mobile phone 

3 e-mail 

4 Texting 
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5 Social network 

Q19A 

0 N/A 

1 Seldom 

5 Often 

Q19B 

0 N/A 

1 Seldom 

5 Often 

Q19C 

0 N/A 

1 Seldom 

5 Often 

Q19D 

0 N/A 

1 Seldom 

5 Often 

Q19E 

0 N/A 

1 Seldom 

5 Often 

Q112A 

0 N/A 

1 Seldom 

5 Often 

Q112B 

0 N/A 

1 Seldom 

5 Often 

Q112C 

0 N/A 

1 Seldom 

5 Often 

Q112D 

0 N/A 

1 Seldom 

5 Often 

Q112E 

0 N/A 

1 Seldom 

5 Often 

Q112F 

0 N/A 

1 Seldom 

5 Often 

Q115A 

0 N/A 

1 Seldom 

5 Often 
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Q115B 

0 N/A 

1 Seldom 

5 Often 

Q115C 

0 N/A 

1 Seldom 

5 Often 

Q115D 

0 N/A 

1 Seldom 

5 Often 

Q115E 

0 N/A 

1 Seldom 

5 Often 

Q115F 

0 N/A 

1 Seldom 

5 Often 

Q119A 

0 N/A 

1 Seldom 

5 Often 

Q119B 

0 N/A 

1 Seldom 

5 Often 

Q119C 

0 N/A 

1 Seldom 

5 Often 

Q119D 

0 N/A 

1 Seldom 

5 Often 

Q119E 

0 N/A 

1 Seldom 

5 Often 

Q119F 

0 N/A 

1 Seldom 

5 Often 

Q21 

1 Memorized it 

2 Wrote it down in a 
notebook 

3 In a word processing 
document 
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4 Posted it to a social 
media site 

Q22 

1 Asked a colleague 

2 Searched online 

3 Texted a colleague 

4 Posted a question to a 
social media site 

Q23 

1 Wrote it down in a 
notebook 

2 Typed it up 

3 Posted in in an online 
document 

4 Posted it to a social 
media site 

Q24 

1 Wrote it down 

2 Typed it up 

3 Collaborated with 
colleagues in the cloud 

4 Used a word processor 
or presentation program 

Q25 

1 Printed format 

2 E-mail attachment 

3 E-mail link to the cloud 

4 Orally 

Q31AA 

0 N/A 

1 Least effective 

5 Most effective 

Q31AB 

0 N/A 

1 Least effective 

5 Most effective 

Q31AC 

0 N/A 

1 Least effective 

5 Most effective 

Q31AD 

0 N/A 

1 Least effective 

5 Most effective 

Q31BA 

0 N/A 

1 Least effective 

5 Most effective 

Q31BB 
0 N/A 

1 Least effective 
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5 Most effective 

Q31BC 

0 N/A 

1 Least effective 

5 Most effective 

Q31BD 

0 N/A 

1 Least effective 

5 Most effective 

Q31CA 

0 N/A 

1 Least effective 

5 Most effective 

Q31CB 

0 N/A 

1 Least effective 

5 Most effective 

Q31CC 

0 N/A 

1 Least effective 

5 Most effective 

Q31CD 0 N/A 

 1 Least effective 

 5 Most effective 

Q31DA 

0 N/A 

1 Least effective 

5 Most effective 

Q31DB 

0 N/A 

1 Least effective 

5 Most effective 

Q31DC 

0 N/A 

1 Least effective 

5 Most effective 

Q31DD 

0 N/A 

1 Least effective 

5 Most effective 

Q31EA 

0 N/A 

1 Least effective 

5 Most effective 

Q31EB 

0 N/A 

1 Least effective 

5 Most effective 



 
 

 208 

Q31EC 

0 N/A 

1 Least effective 

5 Most effective 

Q31ED 

0 N/A 

1 Least effective 

5 Most effective 

Q32AA 

0 N/A 

1 Least effective 

5 Most effective 

Q32AB 

0 N/A 

1 Least effective 

5 Most effective 

Q32AC 

0 N/A 

1 Least effective 

5 Most effective 

Q32AD 

0 N/A 

1 Least effective 

5 Most effective 

Q32BA 

0 N/A 

1 Least effective 

5 Most effective 

Q32BB 

0 N/A 

1 Least effective 

5 Most effective 

Q32BC 

0 N/A 

1 Least effective 

5 Most effective 

Q32BD 

0 N/A 

1 Least effective 

5 Most effective 

Q33AA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33AB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33AC 0 N/A 
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1 Least helpful 

5 Most helpful 

Q33AD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33BA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33BB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33BC 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33BD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33CA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33CB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33CC 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33CD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33DA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33DB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q33DC 
0 N/A 

1 Least helpful 



 
 

 210 

5 Most helpful 

Q33DD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34AA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34AB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34AC 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34AD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34BA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34BB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34BC 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34BD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34CA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34CB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34CC 

0 N/A 

1 Least helpful 

5 Most helpful 



 

 211 

Q34CD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34DA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34DB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34DC 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34DD 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34EA 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34EB 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34EC 

0 N/A 

1 Least helpful 

5 Most helpful 

Q34ED 

0 N/A 

1 Least helpful 

5 Most helpful 

Q351 
1 Alone 

2 Collaboratively 

Q352 
1 Alone 

2 Collaboratively 

Q353 
1 Alone 

2 Collaboratively 

Q36 

1 N/A 

2 About 25% 

3 About 50% 

4 About 75% 
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5 100% 

Q42 

1 Controller 

2 Staff specialist 

3 Frontline supervisor 

4 Manager 

5 Academy instructor 

6 Academy student 

Q43 
1 Male 

2 Female 

Q44 

1 24 and younger 

2 25-29 

3 30-34 

4 35-39 

5 40-44 

6 45-49 

7 50-54 

8 55-59 

9 60-64 

10 65 and older 

Q45 

1 HS diploma 

2 2-year college with an 
associate degree 

3 4-year college with a 
bachelor's degree 

4 Master's degree 

5 PhD or similar degree 

Generation 

1 Millennial (29 and 
younger) 

2 Gen Xers (30-49) 

3 Baby Boomer (50 and 
younger) 
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Appendix G: Frequency and Reliability 

The source of all the tables in this appendix is an FAA internal document, the data 

analysis, 13 February 2013. 

G.1 Hypothesis 1 

Older air traffic controllers prefer fewer modes of communications and use them less 

frequently than do younger controllers. 

Table G-1 Q1-1 Frequency: Social media usage (active) 

Personal social network create or comment on posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 177 39.0 39.0 39.0 

1 Yes 277 61.0 61.0 100.0 

Total 454 100.0 100.0  

Professional social network create or comment on posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 418 92.1 92.1 92.1 

1 Yes 36 7.9 7.9 100.0 

Total 454 100.0 100.0  

Wiki create or edit articles 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 432 95.2 95.2 95.2 

1 Yes 22 4.8 4.8 100.0 

Total 456 100.0 100.0  

 
Video sharing create or post videos 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 371 81.7 81.7 81.7 

1 Yes 83 18.3 18.3 100.0 

Total 454 100.0 100.0  
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Blogging create or comment on posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 418 92.1 92.1 92.1 

1 Yes 36 7.9 7.9 100.0 

Total 454 100.0 100.0  

Picture sharing post photos 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 359 79.1 79.1 79.1 

1 Yes 95 20.9 20.9 100.0 

Total 454 100.0 100.0  

Interactive applications play video games 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 210 46.3 46.3 46.3 

1 Yes 244 53.7 53.7 100.0 

Total 454 100.0 100.0  

Mobile applications find friends in real time 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 373 82.2 82.2 82.2 

1 Yes 81 17.8 17.8 100.0 

Total 454 100.0 100.0  

Peer-to-peer communications make audio or video calls 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 212 46.7 46.7 46.7 

1 Yes 242 53.3 53.3 100.0 

Total 454 100.0 100.0  

Microblogging create or redirect posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 409 90.1 90.1 90.1 

1 Yes 45 9.9 9.9 100.0 

Total 454 100.0 100.0  

Social bookmarks create or comment on bookmarks 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 442 97.4 97.4 97.4 

1 Yes 12 2.6 2.6 100.0 

Total 454 100.0 100.0  
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Table G-2 Reliability statistics: social media usage (active) 

Cronbach's Alpha N of Items 

.699 11 

Table G-3 Q1-1 Frequency: social media usage (passive) 

Personal social network read posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 130 28.6 28.6 28.6 

1 Yes 324 71.4 71.4 100.0 

Total 454 100.0 100.0  

Professional social network read posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 342 75.3 75.3 75.3 

1 Yes 112 24.7 24.7 100.0 

Total 454 100.0 100.0  

Wiki read articles 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 129 28.4 28.4 28.4 

1 Yes 325 71.6 71.6 100.0 

Total 454 100.0 100.0  

Video sharing view videos 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 93 20.5 20.5 20.5 

1 Yes 361 79.5 795 100.0 

Total 454 100.0 100.0  

Blogging read posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 311 68.5 68.5 68.5 

1 Yes 143 31.5 31.5 100.0 

Total 454 100.0 100.0  

Picture sharing view photos 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 281 61.9 61.9 61.9 

1 Yes 173 38.1 378.1 100.0 

Total 454 100.0 100.0  
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Microblogging read posts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 356 78.4 78.4 78.4 

1 Yes 98 21.6 21.6 100.0 

Total 454 100.0 100.0  

Social bookmarks read bookmarks 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

0 No 432 95.2 95.2 95.2 

1 Yes 22 4.8 4.8 100.0 

Total 454 100.0 100.0  

Table G-4 Reliability statistics – social media usage (passive) 

Cronbach's Alpha N of Items 

.732 8 

Table G-5 Q1-2 Frequency: social media usage 

Personal social network 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 48 10.6 13.0 13.0 

2 38 8.4 10.3 23.4 

3 68 15.0 18.5 41.8 

4 67 14.8 18.2 60.1 

5 Often 147 32.4 39.9 100.0 

Total 368 81.1 100.0  

0 N/A 84 18.5   

Missing System 2 .4   

 Total 86 18.9   

Total  454 100.0   
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Wiki 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 70 15.4 19.1 19.1 

2 78 17.2 21.3 40.4 

3 115 25.3 31.4 71.9 

4 62 13.7 16.9 88.8 

5 Often 41 9.0 11.2 100.0 

Total 366 80.6 100.0  

0 N/A 86 18.9   

Missing System 2 .4    
 Total 88 19.4    
Total  454 100.0   

Video sharing 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 81 17.8 20.3 20.3 

2 79 17.4 19.8 40.0 

3 105 23.1 26.3 66.3 

4 76 16.7 19.0 85.3 

5 Often 59 13.0 14.8 100.0 

0 N/A 400 88.1 100.0  

Total 52 11.5   

Missing System 2 .4   

 Total 54 11.9    
Total  454 100.0   
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Blog 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 62 13.7 37.8 37.8 

2 46 10.1 28.0 65.9 

3 31 6.8 18.9 84.8 

4 17 3.7 10.4 95.1 

5 Often 8 1.8 4.9 100.0 

Total 164 36.1 100.0  

0 N/A 287 63.2   

Missing System 3 .7    
 Total 290 63.9   

Total  454 100.0   

Picture sharing 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 84 18.5 38.9 38.9 

2 60 13.2 27.8 66.7 

3 48 10.6 22.2 88.9 

4 12 2.6 5.6 94.4 

5 Often 12 2.6 5.6 100.0 

Total 216 47.6 100.0  

0 N/A 237 52.2   

Missing System 1 .2   

 Total 238 52.4   

Total  454 100.0   
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Interactive simulation 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 49 10.8 17.1 17.1 

2 45 9.9 15.7 32.9 

3 61 13.4 21.3 54.2 

4 61 13.4 21.3 75.5 

5 Often 70 15.4 24.5 100.0 

Total 286 63.0 100.0  

0 N/A 168 37.0   

Missing System 454 100.0   

 Total 49 10.8 17.1 17.1 

Total  45 9.9 15.7 32.9 

Mobile application 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 39 8.6 29.3 29.3 

2 21 4.6 15.8 45.1 

3 35 7.7 26.3 71.4 

4 25 5.5 18.8 90.2 

5 Often 13 2.9 9.8 100.0 

Total 133 29.3 100.0  

0 N/A 320 70.5   

Missing System 1 .2   

 Total 321 70.7   

Total  454 100.0   

Peer-to-peer communication 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 74 16.3 27.1 27.1 

2 55 12.1 20.1 47.3 

3 63 13.9 23.1 70.3 

4 50 11.0 18.3 88.6 

5 Often 31 6.8 11.4 100.0 

Total 273 60.1 100.0  

Missing 0 N/A 181 39.9   

Total  454 100.0   
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Microblogging 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 50 11.0 35.5 35.5 

2 42 9.3 29.8 65.2 

3 19 4.2 13.5 78.7 

4 15 3.3 10.6 89.4 

5 Often 15 3.3 10.6 100.0 

Total 141 31.1 100.0  

0 N/A 312 68.7   

Missing System 1 .2   

 Total 313 68.9   

Total  454 100.0   

Social bookmark 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 37 8.1 63.8 63.8 

2 9 2.0 15.5 79.3 

3 6 1.3 10.3 89.7 

4 2 .4 3.4 93.1 

5 Often 4 .9 6.9 100.0 

Total 58 12.8 100.0  

0 N/A 395 87.0   

Missing System 1 .2   

 Total 396 87.2   

Total  454 100.0   

Professional social network 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 69 15.2 48.6 48.6 

2 44 9.7 31.0 79.6 

3 17 3.7 12.0 91.5 

4 5 1.1 3.5 95.1 

5 Often 7 1.5 4.9 100.0 

Total 142 31.3 100.0  

0 N/A 307 67.6   

Missing System 5 1.1   

 Total 312 68.7   

Total  454 100.0   
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Table G-6 Reliability statistics – social media usage 

Cronbach's Alpha N of Items 

.875 11 

Table G-7 Q1-7A Frequency: outbound landline phone usage 

Outbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 118 26.0 44.9 44.9 

2 49 10.8 18.6 63.5 

3 44 9.7 16.7 80.2 

4 28 6.2 10.6 90.9 

5 Often 24 5.3 9.1 100.0 

Total 263 57.9 100.0  

0 N/A 156 34.4   

Missing System 35 7.7   

 Total 191 42.1   

Total  454 100.0   

Table G-8 Q1-9A Frequency: inbound landline phone usage 

Inbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 124 27.3 42.2 42.2 

2 65 14.3 22.1 64.3 

3 55 12.1 18.7 83.0 

4 24 5.3 8.2 91.2 

5 Often 26 5.7 8.8 100.0 

Total 294 64.8 100.0  

Missing 0 N/A 160 35.2   

Total  454 100.0   

  



 
 

 222 

Table G-9 Q1-12A Frequency: outbound landline phone approach  

Outbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 113 24.9 39.4 39.4 

2 45 9.9 15.7 55.1 

3 61 13.4 21.3 76.3 

4 41 9.0 14.3 90.6 

5 Often 27 5.9 9.4 100.0 

Total 287 63.2 100.0  

0 N/A 165 36.3   

Missing System 2 .4   

 Total 167 36.8   

Total  454 100.0   

Table G-10 Q1-15A Frequency: inbound landline phone approach 

Inbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 112 24.7 44.4 44.4 

2 33 7.3 13.1 57.5 

3 46 10.1 18.3 75.8 

4 41 9.0 16.3 92.1 

5 Often 20 4.4 7.9 100.0 

Total 252 55.5 100.0  

0 N/A 201 44.3   

Missing System 1 .2   

 Total 202 44.5   

Total  454 100.0   

Table G-11 Reliability statistics – landline phone usage 

Cronbach's Alpha N of Items 

.871 4 
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Table G-12 Q1-7B Frequency: outbound mobile phone usage 

Outbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 20 4.4 4.8 4.8 

2 40 8.8 9.6 14.4 

3 77 17.0 18.4 32.8 

4 118 26.0 28.2 61.0 

5 Often 163 35.9 39.0 100.0 

Total 418 92.1 100.0  

0 N/A 9 2.0   

Missing System 27 5.9   

 Total 36 7.9   

Total  454 100.0   

Table G-13 Q1-9B Frequency: inbound mobile phone usage 

Inbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 20 4.4 4.8 4.8 

2 44 9.7 10.5 15.3 

3 86 18.9 20.5 35.8 

4 125 27.5 29.8 65.6 

5 Often 144 31.7 34.4 100.0 

Total 419 92.3 100.0  

0 N/A 9 2.0   

Missing System 26 5.7   

 Total 35 7.7   

Total  454 100.0   
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Table G-14 Q1-12B Frequency: outbound mobile phone approach  

Outbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 56 12.3 15.0 15.0 

2 63 13.9 16.8 31.8 

3 92 20.3 24.6 56.4 

4 92 20.3 24.6 81.0 

5 Often 71 15.6 19.0 100.0 

Total 374 82.4 100.0  

0 N/A 53 11.7   

Missing System 27 5.9   

 Total 80 17.6   

Total  454 100.0   

Table G-15 Q1-15B Frequency: inbound mobile phone approach 

Inbound approach by colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 50 11.0 14.1 14.1 

2 58 12.8 16.3 30.4 

3 96 21.1 27.0 57.5 

4 75 16.5 21.1 78.6 

5 Often 76 16.7 21.4 100.0 

Total 355 78.2 100.0  

0 N/A 73 16.1   

Missing System 26 5.7   

 Total 99 21.8   

Total  454 100.0   

Table G-16 Reliability statistics – mobile phone usage 

Cronbach's Alpha N of Items 

.826 4 
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Table G-17 Q1-7C Frequency: outbound e-mail usage 

Outbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 77 17.0 18.4 18.4 

2 93 20.5 22.2 40.6 

3 103 22.7 24.6 65.2 

4 85 18.7 20.3 85.4 

5 Often 61 13.4 14.6 100.0 

Total 419 92.3 100.0  

Missing 0 N/A 35 7.7   

Total  454 100.0   

Table G-18 Q1-9C Frequency: inbound e-mail usage 

Inbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 71 15.6 16.9 16.9 

2 87 19.2 20.8 37.7 

3 121 26.7 28.9 66.6 

4 88 19.4 21.0 87.6 

5 Often 52 11.5 12.4 100.0 

Total 419 92.3 100.0  

Missing 0 N/A 35 7.7   

Total  454 100.0   
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Table G-19 Q1-12C Frequency: outbound e-mail approach  

Outbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 66 14.5 17.4 17.4 

2 62 13.7 16.3 33.7 

3 97 21.4 25.5 59.2 

4 90 19.8 23.7 82.9 

5 Often 65 14.3 17.1 100.0 

Total 380 83.7 100.0  

0 N/A 73 16.1   

Total 1 .2   

Missing System 74 16.3   

Total  454 100.0   

Table G-20 Q1-15C Frequency: inbound e-mail approach 

Inbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 70 15.4 19.3 19.3 

2 64 14.1 17.6 36.9 

3 92 20.3 25.3 62.3 

4 78 17.2 21.5 83.7 

5 Often 59 13.0 16.3 100.0 

Total 363 80.0 100.0  

Missing 0 N/A 91 20.0   

Total  454 100.0   

Table G-21 Reliability statistics – e-mail usage 

Cronbach's Alpha N of Items 

.875 4 
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Table G-22 Q1-7D Frequency: outbound texting usage 

Outbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 26 5.7 5.9 5.9 

2 39 8.6 8.9 14.8 

3 54 11.9 12.3 27.2 

4 121 26.7 27.6 54.8 

5 Often 198 43.6 45.2 100.0 

Total 438 96.5 100.0  

0 N/A 15 3.3   

Total 1 .2   

Missing System 16 3.5   

Total  454 100.0   

Table G-23 Q1-9D Frequency: inbound texting usage 

Inbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 28 6.2 6.4 6.4 

2 36 7.9 8.3 14.7 

3 68 15.0 15.6 30.3 

4 103 22.7 23.7 54.0 

5 Often 200 44.1 46.0 100.0 

Total 435 95.8 100.0  

0 N/A 18 4.0   

Total 1 .2   

Missing System 19 4.2   

Total  454 100.0   
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Table G-24 Q1-12D Frequency: outbound texting approach  

Outbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 68 15.0 19.1 19.1 

2 51 11.2 14.3 33.4 

3 67 14.8 18.8 52.2 

4 76 16.7 21.3 73.6 

5 Often 94 20.7 26.4 100.0 

Total 356 78.4 100.0  

0 N/A 94 20.7   

Total 4 .9   

Missing System 98 21.6   

Total  454 100.0   

Table G-25 Q1-15D Frequency: inbound texting approach 

Inbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 57 12.6 15.7 15.7 

2 45 9.9 12.4 28.0 

3 76 16.7 20.9 48.9 

4 84 18.5 23.1 72.0 

5 Often 102 22.5 28.0 100.0 

Total 364 80.2 100.0  

0 N/A 89 19.6   

Total 1 .2   

Missing System 90 19.8   

Total  454 100.0   

Table G-26 Reliability statistics – texting usage 

Cronbach's Alpha N of Items 

.853 4 
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Table G-27 Q1-7E Frequency: outbound social network usage 

Outbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 71 15.6 20.1 20.1 

2 49 10.8 13.9 34.0 

3 76 16.7 21.5 55.5 

4 85 18.7 24.1 79.6 

5 Often 72 15.9 20.4 100.0 

Total 353 77.8 100.0  

Missing 0 N/A 101 22.2   

Total  454 100.0   

Table G-28 Q1-9E Frequency: inbound social network usage 

Inbound communications 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 62 13.7 18.6 18.6 

2 52 11.5 15.6 34.2 

3 68 15.0 20.4 54.7 

4 72 15.9 21.6 76.3 

5 Often 79 17.4 23.7 100.0 

Total 333 73.3 100.0  

0 N/A 119 26.2   

Total 2 .4   

Missing System 121 26.7   

Total  454 100.0   
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Table G-29 Q1-12F Frequency: outbound social network approach  

Outbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 76 16.7 35.3 35.3 

2 44 9.7 20.5 55.8 

3 38 8.4 17.7 73.5 

4 35 7.7 16.3 89.8 

5 Often 22 4.8 10.2 100.0 

Total 215 47.4 100.0  

0 N/A 238 52.4   

Total 1 .2   

Missing System 239 52.6   

Total  454 100.0   

Table G-30 Q1-15F Frequency: inbound social network approach 

Inbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 77 17.0 35.5 35.5 

2 31 6.8 14.3 49.8 

3 41 9.0 18.9 68.7 

4 43 9.5 19.8 88.5 

5 Often 25 5.5 11.5 100.0 

Total 217 47.8 100.0  

0 N/A 236 52.0   

Total 1 .2   

Missing System 237 52.2   

Total  454 100.0   

Table G-31 Reliability statistics – social network usage 

Cronbach's Alpha N of Items 

.898 4 
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Table G-32 Q1-12E Frequency: outbound face-to-face communications approach 

Outbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 11 2.4 2.5 2.5 

2 28 6.2 6.3 8.8 

3 53 11.7 11.9 20.7 

4 129 28.4 29.1 49.8 

5 Often 223 49.1 50.2 100.0 

Total 444 97.8 100.0  

Missing 0 N/A 10 2.2   

Total  454 100.0   

Table G-33 Q1-15E Frequency: inbound face-to-face communications approach 

Inbound approach to colleagues 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 13 2.9 3.0 3.0 

2 21 4.6 4.8 7.7 

3 80 17.6 18.2 26.0 

4 130 28.6 29.6 55.6 

5 Often 195 43.0 44.4 100.0 

Total 439 96.7 100.0  

Missing 0 N/A 15 3.3   

Total  454 100.0   

Table G-34 Reliability statistics – face-to-face communications usage 

Cronbach's Alpha N of Items 

.815 2 
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Table G-35 Q1-8 Frequency: preferred communications modes 

How do you prefer your friends and colleagues to communicate with you 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Landline 44 9.7 9.7 9.7 

2 Mobile phone 194 42.7 42.9 52.7 

3 E-mail 53 11.7 11.7 64.4 

4 Texting 136 30.0 30.1 94.5 

5 Social network 25 5.5 5.5 100.0 

Total 452 99.6 100.0  

Missing System 2 .4   

Total  454 100.0   

G.2 Hypothesis 2 

Older air traffic controllers search longer for and share less information than do younger 

controllers. 

Table G-36 Q2-2 Frequency: how did you find the answer 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Asked a colleague 198 43.6 43.9 43.9 

2 Searched online 240 52.9 53.2 97.1 

3 Texted a colleague 9 2.0 2.0 99.1 

4 Posted a question to a 
social media site 4 .9 .9 100.0 

Total 451 99.3 100.0  

Missing System 3 .7   

Total  454 100.0   

G.3 Hypothesis 3 

Older air traffic controllers find classroom instruction, instruction materials, and 

computer simulation less effective than do younger controllers. 
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Table G-37 Q3-1A Frequency: classroom lectures 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 45 9.9 10.3 10.3 

2 88 19.4 20.2 30.6 

3 120 26.4 27.6 58.2 

4 110 24.2 25.3 83.4 

5 Most effective 72 15.9 16.6 100.0 

Total 435 95.8 100.0  

Missing 0 N/A 19 4.2   

Total  454 100.0   

Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 18 4.0 4.1 4.1 

2 55 12.1 12.4 16.5 

3 130 28.6 29.3 45.8 

4 134 29.5 30.2 76.1 

5 Most effective 106 23.3 23.9 100.0 

Total 443 97.6 100.0  

0 N/A 10 2.2   

Missing System 1 .2   

 Total 11 2.4   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 45 9.9 10.3 10.3 

2 62 13.7 14.2 24.5 

3 138 30.4 31.7 56.2 

4 113 24.9 25.9 82.1 

5 Most effective 78 17.2 17.9 100.0 

Total 436 96.0 100.0  

0 N/A 17 3.7   

Missing System 1 .2   

 Total 18 4.0   

Total  454 100.0   
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Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 32 7.0 7.4 7.4 

2 49 10.8 11.3 18.6 

3 122 26.9 28.0 46.7 

4 119 26.2 27.4 74.0 

5 Most effective 113 24.9 26.0 100.0 

Total 435 95.8 100.0  

0 N/A 17 3.7   

Missing System 2 .4   

 Total 19 4.2   

Total  454 100.0   

Table G-38 Reliability statistics – classroom lectures 

Cronbach's Alpha N of Items 

.813 4 

Table G-39 Q3-1B Frequency: mentoring 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 15 3.3 3.6 3.6 

2 40 8.8 9.5 13.1 

3 76 16.7 18.1 31.3 

4 121 26.7 28.9 60.1 

5 Most effective 167 36.8 39.9 100.0 

Total 419 92.3 100.0  

0 N/A 33 7.3   

Missing System 2 .4   

 Total 35 7.7   

Total  454 100.0   
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Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 11 2.4 2.6 2.6 

2 22 4.8 5.2 7.7 

3 63 13.9 14.8 22.5 

4 124 27.3 29.0 51.5 

5 Most effective 207 45.6 48.5 100.0 

Total 427 94.1 100.0  

0 N/A 25 5.5   

Missing System 2 .4   

 Total 27 5.9   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 38 8.4 9.2 9.2 

2 68 15.0 16.4 25.6 

3 109 24.0 26.3 51.9 

4 109 24.0 26.3 78.3 

5 Most effective 90 19.8 21.7 100.0 

Total 414 91.2 100.0  

0 N/A 39 8.6   

Missing System 1 .2   

 Total 40 8.8   

Total  454 100.0   

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 40 8.8 9.6 9.6 

2 51 11.2 12.2 21.8 

3 95 20.9 22.8 44.6 

4 116 25.6 27.8 72.4 

5 Most effective 115 25.3 27.6 100.0 

Total 417 91.9 100.0  

0 N/A 36 7.9   

Missing System 1 .2   

 Total 37 8.1   

Total  454 100.0   
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Table G-40 Reliability statistics – mentoring 

Cronbach's Alpha N of Items 

.832 4 

Table G-41 Q3-1C Frequency: simulation 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 10 2.2 2.4 2.4 

2 15 3.3 3.6 6.0 

3 47 10.4 11.2 17.2 

4 126 27.8 30.1 47.3 

5 Most effective 221 48.7 52.7 100.0 

Total 419 92.3 100.0  

Missing 0 N/A 35 7.7   

Total  454 100.0   

Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 11 2.4 2.6 2.6 

2 17 3.7 4.0 6.6 

3 55 12.1 13.0 19.7 

4 112 24.7 26.5 46.2 

5 Most effective 227 50.0 53.8 100.0 

Total 422 93.0 100.0  

0 N/A 30 6.6   

Missing System 2 .4   

 Total 32 7.0   

Total  454 100.0   
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Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 41 9.0 11.1 11.1 

2 50 11.0 13.6 24.7 

3 84 18.5 22.8 47.6 

4 88 19.4 23.9 71.5 

5 Most effective 105 23.1 28.5 100.0 

Total 368 81.1 100.0  

0 N/A 84 18.5   

Missing System 2 .4   

 Total 86 18.9   

Total  454 100.0   

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 33 7.3 8.7 8.7 

2 35 7.7 9.2 17.9 

3 89 19.6 23.5 41.4 

4 95 20.9 25.1 66.5 

5 Most effective 127 28.0 33.5 100.0 

Total 379 83.5 100.0  

Missing 0 N/A 75 16.5   

Total  454 100.0   

Table G-42 Reliability statistics – simulation 

Cronbach's Alpha N of Items 

.817 4 
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Table G-43 Q3-1D Frequency: study guides 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 34 7.5 8.0 8.0 

2 75 16.5 17.6 25.5 

3 128 28.2 30.0 55.5 

4 121 26.7 28.3 83.8 

5 Most effective 69 15.2 16.2 100.0 

Total 427 94.1 100.0  

Missing 0 N/A 27 5.9   

Total  454 100.0   

Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 30 6.6 6.9 6.9 

2 57 12.6 13.2 20.1 

3 131 28.9 30.3 50.5 

4 130 28.6 30.1 80.6 

5 Most effective 84 18.5 19.4 100.0 

Total 432 95.2 100.0  

0 N/A 21 4.6   

Missing System 1 .2   

 Total 22 4.8   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 35 7.7 8.3 8.3 

2 64 14.1 15.2 23.6 

3 130 28.6 31.0 54.5 

4 111 24.4 26.4 81.0 

5 Most effective 80 17.6 19.0 100.0 

Total 420 92.5 100.0  

0 N/A 33 7.3   

Missing System 1 .2   

 Total 34 7.5   

Total  454 100.0   
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Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 26 5.7 6.1 6.1 

2 44 9.7 10.3 16.4 

3 104 22.9 24.4 40.8 

4 141 31.1 33.1 73.9 

5 Most effective 111 24.4 26.1 100.0 

Total 426 93.8 100.0  

Missing 0 N/A 28 6.2   

Total  454 100.0   

Table G-44 Reliability statistics – study guides 

Cronbach's Alpha N of Items 

.884 4 

Table G-45 Q3-1E Frequency: Web-based training 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 59 13.0 15.4 15.4 

2 79 17.4 20.6 36.0 

3 113 24.9 29.5 65.5 

4 86 18.9 22.5 88.0 

5 Most effective 46 10.1 12.0 100.0 

Total 383 84.4 100.0  

0 N/A 69 15.2   

Missing System 2 .4   

 Total 71 15.6   

Total  454 100.0   
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Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 56 12.3 14.6 14.6 

2 81 17.8 21.1 35.8 

3 113 24.9 29.5 65.3 

4 84 18.5 21.9 87.2 

5 Most effective 49 10.8 12.8 100.0 

Total 383 84.4 100.0  

0 N/A 70 15.4   

Missing System 1 .2   

 Total 71 15.6   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 56 12.3 14.7 14.7 

2 59 13.0 15.5 30.2 

3 110 24.2 28.9 59.1 

4 95 20.9 24.9 84.0 

5 Most effective 61 13.4 16.0 100.0 

Total 381 83.9 100.0  

0 N/A 71 15.6   

Missing System 2 .4   

 Total 73 16.1   

Total  454 100.0   

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 51 11.2 14.0 14.0 

2 54 11.9 14.8 28.8 

3 105 23.1 28.8 57.7 

4 84 18.5 23.1 80.8 

5 Most effective 70 15.4 19.2 100.0 

Total 364 80.2 100.0  

0 N/A 87 19.2   

Missing System 3 .7   

 Total 90 19.8   

Total  454 100.0   
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Table G-46 Reliability statistics – Web-based training 

Cronbach's Alpha N of Items 

.908 4 

Table G-47 Q3-2A Frequency: mentoring programs 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 21 4.6 5.0 5.0 

2 31 6.8 7.4 12.4 

3 67 14.8 15.9 28.3 

4 121 26.7 28.7 57.0 

5 Most effective 181 39.9 43.0 100.0 

Total 421 92.7 100.0  

0 N/A 32 7.0   

Missing System 1 .2   

 Total 33 7.3   

Total  454 100.0   

Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 13 2.9 3.0 3.0 

2 14 3.1 3.2 6.3 

3 51 11.2 11.8 18.1 

4 125 27.5 29.0 47.1 

5 Most effective 228 50.2 52.9 100.0 

Total 431 94.9 100.0  

Missing 0 N/A 23 5.1   

Total  454 100.0   
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Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 27 5.9 6.5 6.5 

2 49 10.8 11.7 18.2 

3 96 21.1 23.0 41.1 

4 108 23.8 25.8 67.0 

5 Most effective 138 30.4 33.0 100.0 

Total 418 92.1 100.0  

Missing 0 N/A 36 7.9   

Total  454 100.0   

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 31 6.8 7.5 7.5 

2 38 8.4 9.2 16.6 

3 93 20.5 22.4 39.0 

4 115 25.3 27.7 66.7 

5 Most effective 138 30.4 33.3 100.0 

Total 415 91.4 100.0  

0 N/A 37 8.1   

Missing System 2 .4   

 Total 39 8.6   

Total  454 100.0   

Table G-48 Reliability statistics – mentoring programs 

Cronbach's Alpha N of Items 

.882 4 
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Table G-49 Q3-2B Frequency: peer assist programs 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 19 4.2 4.6 4.6 

2 25 5.5 6.0 10.6 

3 92 20.3 22.1 32.6 

4 123 27.1 29.5 62.1 

5 Most effective 158 34.8 37.9 100.0 

Total 417 91.9 100.0  

0 N/A 31 6.8   

Missing System 6 1.3   

 Total 37 8.1   

Total  454 100.0   

Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 16 3.5 3.8 3.8 

2 18 4.0 4.2 8.0 

3 84 18.5 19.8 27.8 

4 124 27.3 29.2 56.9 

5 Most effective 183 40.3 43.1 100.0 

Total 425 93.6 100.0  

0 N/A 26 5.7   

Missing System 3 .7   

 Total 29 6.4   

Total  454 100.0   
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Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 29 6.4 7.0 7.0 

2 54 11.9 13.1 20.1 

3 102 22.5 24.7 44.8 

4 108 23.8 26.2 70.9 

5 Most effective 120 26.4 29.1 100.0 

Total 413 91.0 100.0  

0 N/A 39 8.6   

Missing System 2 .4   

 Total 41 9.0   

Total  454 100.0   

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least effective 34 7.5 8.2 8.2 

2 36 7.9 8.7 16.9 

3 109 24.0 26.3 43.1 

4 105 23.1 25.3 68.4 

5 Most effective 131 28.9 31.6 100.0 

Total 415 91.4 100.0  

0 N/A 37 8.1   

Missing System 2 .4   

 Total 39 8.6   

Total  454 100.0   

Table G-50 Reliability statistics – peer assist programs 

Cronbach's Alpha N of Items 

.885 4 

G.4 Hypothesis 4 

Older air traffic controllers find laboratory simulation and online databases less effective 

than do younger controllers. 
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Table G-51 Q3-3A Frequency: accessible electronic documents 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 36 7.9 8.5 8.5 

2 33 7.3 7.8 16.3 

3 108 23.8 25.5 41.7 

4 98 21.6 23.1 64.9 

5 Most helpful 149 32.8 35.1 100.0 

Total 424 93.4 100.0  

Missing 0 N/A 30 6.6   

Total  454 100.0   

Methods: ATC techniques, processes, & procedures 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 22 4.8 5.1 5.1 

2 36 7.9 8.4 13.5 

3 83 18.3 19.3 32.7 

4 119 26.2 27.6 60.3 

5 Most helpful 171 37.7 39.7 100.0 

Total 431 94.9 100.0  

0 N/A 21 4.6   

Missing System 2 .4   

 Total 23 5.1   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 28 6.2 6.6 6.6 

2 39 8.6 9.2 15.8 

3 100 22.0 23.6 39.5 

4 114 25.1 27.0 66.4 

5 Most helpful 142 31.3 33.6 100.0 

Total 423 93.2 100.0  

0 N/A 29 6.4   

Missing System 2 .4   

 Total 31 6.8   

Total  454 100.0   

  



 
 

 246 

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 25 5.5 5.8 5.8 

2 25 5.5 5.8 11.7 

3 82 18.1 19.1 30.8 

4 103 22.7 24.0 54.8 

5 Most helpful 194 42.7 45.2 100.0 

Total 429 94.5 100.0  

Missing 0 N/A 25 5.5   

Total  454 100.0   

Table G-52 Reliability statistics – accessible electronic documents 

Cronbach's Alpha N of Items 

.907 4 

Table G-53 Q3-3B Frequency: Expert FAQ databases 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 25 5.5 5.9 5.9 

2 37 8.1 8.7 14.7 

3 96 21.1 22.7 37.4 

4 111 24.4 26.2 63.6 

5 Most helpful 154 33.9 36.4 100.0 

Total 423 93.2 100.0  

Missing 0 N/A 31 6.8   

Total  454 100.0   
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Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 22 4.8 5.1 5.1 

2 34 7.5 7.9 13.1 

3 82 18.1 19.1 32.2 

4 110 24.2 25.6 57.8 

5 Most helpful 181 39.9 42.2 100.0 

Total 429 94.5 100.0  

0 N/A 24 5.3   

Missing System 1 .2   

 Total 25 5.5   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 30 6.6 7.1 7.1 

2 36 7.9 8.6 15.7 

3 96 21.1 22.8 38.5 

4 112 24.7 26.6 65.1 

5 Most helpful 147 32.4 34.9 100.0 

Total 421 92.7 100.0  

Missing 0 N/A 33 7.3   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 42 9.3 9.9 9.9 

2 41 9.0 9.7 19.6 

3 87 19.2 20.6 40.2 

4 112 24.7 26.5 66.7 

5 Most helpful 141 31.1 33.3 100.0 

Total 423 93.2 100.0  

Missing 0 N/A 31 6.8   

Total  454 100.0   

Table G-54 Reliability statistics – expert FAQ 

Cronbach's Alpha N of Items 

.921 4 
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Table G-55 Q3-3C Frequency: laboratory simulations 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 12 2.6 2.8 2.8 

2 19 4.2 4.4 7.2 

3 39 8.6 9.0 16.2 

4 110 24.2 25.4 41.6 

5 Most helpful 253 55.7 58.4 100.0 

Total 433 95.4 100.0  

0 N/A 19 4.2   

Missing System 2 .4   

 Total 21 4.6   

Total  454 100.0   

Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 8 1.8 1.8 1.8 

2 16 3.5 3.7 5.5 

3 39 8.6 9.0 14.5 

4 87 19.2 20.0 34.5 

5 Most helpful 285 62.8 65.5 100.0 

Total 435 95.8 100.0  

Missing 0 N/A 19 4.2   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 27 5.9 6.5 6.5 

2 48 10.6 11.5 17.9 

3 84 18.5 20.1 38.0 

4 88 19.4 21.1 59.1 

5 Most helpful 171 37.7 40.9 100.0 

Total 418 92.1 100.0  

0 N/A 35 7.7   

Missing System 1 .2   

 Total 36 7.9   

Total  454 100.0   
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Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 32 7.0 7.6 7.6 

2 41 9.0 9.8 17.4 

3 75 16.5 17.9 35.3 

4 96 21.1 22.9 58.2 

5 Most helpful 175 38.5 41.8 100.0 

Total 419 92.3 100.0  

Missing 0 N/A 35 7.7   

Total  454 100.0   

Table G-56 Reliability statistics – laboratory simulations 

Cronbach's Alpha N of Items 

.857 4 

Table G-57 Q3-3D Frequency: message boards 

Methods: ATC equipment 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 69 15.2 17.6 17.6 

2 66 14.5 16.8 34.4 

3 113 24.9 28.8 63.3 

4 78 17.2 19.9 83.2 

5 Most helpful 66 14.5 16.8 100.0 

Total 392 86.3 100.0  

Missing 0 N/A 62 13.7   

Total  454 100.0   
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Methods: ATC techniques, procedures, & processes 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 66 14.5 16.5 16.5 

2 55 12.1 13.8 30.3 

3 111 24.4 27.8 58.1 

4 82 18.1 20.6 78.7 

5 Most helpful 85 18.7 21.3 100.0 

Total 399 87.9 100.0  

0 N/A 54 11.9   

Missing System 1 .2   

 Total 55 12.1   

Total  454 100.0   

Methods: Aviation meteorology 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 71 15.6 18.3 18.3 

2 72 15.9 18.5 36.8 

3 106 23.3 27.2 64.0 

4 73 16.1 18.8 82.8 

5 Most helpful 67 14.8 17.2 100.0 

Total 389 85.7 100.0  

Missing 0 N/A 65 14.3   

Total  454 100.0   

Methods: Maps & charts 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Least helpful 83 18.3 21.2 21.2 

2 71 15.6 18.1 39.3 

3 104 22.9 26.5 65.8 

4 60 13.2 15.3 81.1 

5 Most helpful 74 16.3 18.9 100.0 

Total 392 86.3 100.0  

0 N/A 60 13.2   

Missing System 2 .4   

  62 13.7   

Total Total 454 100.0   
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Table G-58 Reliability statistics – message boards 

Cronbach's Alpha N of Items 

.941 4 

G.5 Hypothesis 5 

To transfer mission-critical knowledge in the FAA, older air traffic controllers use KM 

principles less than younger controllers. 

Table G-59 Q1-19A Frequency: how often did you locate experts in agency 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 47 10.4 13.1 13.1 

2 90 19.8 25.1 38.2 

3 93 20.5 25.9 64.1 

4 85 18.7 23.7 87.7 

5 Often 44 9.7 12.3 100.0 

Total 359 79.1 100.0  

0 N/A 94 20.7   

Missing System 1 .2   

 Total 95 20.9   

Total  454 100.0   
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Table G-60 Q1-19B Frequency: how did you find the information 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 19 4.2 4.7 4.7 

2 76 16.7 18.8 23.5 

3 106 23.3 26.2 49.8 

4 125 27.5 30.9 80.7 

5 Often 78 17.2 19.3 100.0 

Total 404 89.0 100.0  

0 N/A 48 10.6   

Missing System 2 .4   

 Total 50 11.0   

Total  454 100.0   

Table G-61 Q1-19C Frequency: how often did you find lessons learned 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 24 5.3 6.3 6.3 

2 73 16.1 19.0 25.3 

3 106 23.3 27.6 52.9 

4 113 24.9 29.4 82.3 

5 Often 68 15.0 17.7 100.0 

Total 384 84.6 100.0  

0 N/A 67 14.8   

Missing System 3 .7   

 Total 70 15.4   

Total  454 100.0   
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Table G-62 Q1-19D Frequency: how often did you identify initiatives 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 53 11.7 21.9 21.9 

2 64 14.1 26.4 48.3 

3 64 14.1 26.4 74.8 

4 36 7.9 14.9 89.7 

5 Often 25 5.5 10.3 100.0 

Total 242 53.3 100.0  

0 N/A 151 33.3   

Missing System 61 13.4   

 Total 212 46.7   

Total  454 100.0   

Table G-63 Q1-19E Frequency: how often did you share information 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 11 2.4 2.6 2.6 

2 42 9.3 10.0 12.6 

3 94 20.7 22.4 35.1 

4 144 31.7 34.4 69.5 

5 Often 128 28.2 30.5 100.0 

Total 419 92.3 100.0  

0 N/A 34 7.5   

Missing System 1 .2   

 Total 35 7.7   

Total  454 100.0   
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Table G-64 Q1-19F Frequency: how often did you build and maintain body of knowledge 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Seldom 23 5.1 6.0 6.0 

2 40 8.8 10.4 16.4 

3 88 19.4 23.0 39.4 

4 99 21.8 25.8 65.3 

5 Often 133 29.3 34.7 100.0 

Total 383 84.4 100.0  

0 N/A 65 14.3   

Total 6 1.3   

Missing System 71 15.6   

Total  454 100.0   

G.6 Hypothesis 6 

Older air traffic controllers catalog and store information about tasks more than do 

younger controllers. 

Table G-65 Q2-3 Frequency: how did you capture the information 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Wrote it down in a 
notebook 271 59.7 60.6 60.6 

2 Typed it up 144 31.7 32.2 92.8 

3 Posted in in an online 
document 31 6.8 6.9 99.8 

4 Posted it to a social 
media site 1 .2 .2 100.0 

Total 447 98.5 100.0  

Missing System 7 1.5   

Total  454 100.0   

G.7 Hypothesis 7 

Older controllers disseminate information about tasks less readily than do younger 

controllers. 
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Table G-66 Q2-4 Frequency: how did you prepare the report 

  Frequency Percent Valid Percent Cumulative Percent 

Valid 

1 Wrote it down 89 19.6 19.8 19.8 

2 Typed it up 197 43.4 43.9 63.7 

3 Collaborated with 
colleagues in the cloud 14 3.1 3.1 66.8 

4 Used a word processor 
or presentation program 149 32.8 33.2 100.0 

Total 449 98.9 100.0  

Missing System 5 1.1   

Total  454 100.0   
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Appendix H: Descriptive Statistics of Independent Variables 

The source of all the tables in this appendix is an FAA internal document, the data 

analysis, 13 February 2013. 

The scales were created by rationally grouping items around common themes. For 

example, items relating to the active use of social media, such as creating or posting content, 

were grouped into a single scale reflecting the number of social media actively used. The first 

check on the psychometric integrity of the scales was to estimate the internal consistency of the 

multi-item scales with Cronbach's alpha. These reliability coefficients were consistently high, as 

shown in Table H-1, confirming the integrity of the scales. 

The second check was to examine the pattern of correlations among the scales used for 

hypothesis testing. Low to modest correlations suggest that the scales measure different 

constructs. 

Because the scales are based on a survey, some degree of correlation was expected due to 

common method variance (Podsakoff, et al. 2003, p. 880). Some degree of correlation was 

expected also because of the nature of the constructs. The correlations between scales are shown 

in Table H-1.71 Generally, they are low (.1-.2 range), suggesting that the scales represent 

different constructs. There were ten correlations of .5 or greater. 

Table H-1 Scales description 

 Scale Description 1 2 3 4 5 6 7 

1 N Social media actively used (create or post content)               

2 N Social media passively used (read) 0.59       

3 Frequency social media used 0.40 0.27      

4 Landline usage -0.08 -0.07 -0.08     

5 Mobile phone usage 0.15 0.12 0.24 0.09    

6  E-Mail usage 0.01 0.07 0.00 0.22 0.24   

7 Text usage 0.35 0.24 0.44 -0.16 0.45 0.02  

8 Social network usage 0.39 0.25 0.55 -0.10 0.16 -0.07 0.51 

                                   
71 Notes: Underline=p<.05; Boldface=p<.01; Boldface Italic=p<.001 
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9 Face-to-face usage 0.13 0.06 0.17 0.11 0.22 0.06 0.16 

10 Q2-2 How did you find the answer? 0.14 0.13 -0.02 -0.01 -0.13 0.00 0.02 

11 Q1-19A Locate experts in agency 0.09 0.09 0.29 0.19 0.24 0.11 0.20 

12 Q1-19B Find specific information 0.17 0.14 0.21 0.18 0.18 0.22 0.14 

13 Q1-19C Identify lessons learned 0.08 0.02 0.21 0.06 0.16 0.01 0.26 

14 1-19D Identify initiatives taking place 0.02 0.02 0.22 0.11 0.26 0.16 0.22 

15 Q1-19E Share work information with others 0.13 0.11 0.10 0.10 0.17 0.19 0.11 

16 Q1-19F Build & maintain body of work knowledge 0.13 0.06 0.20 0.04 0.15 0.00 0.23 

17 Q2-3 How did you capture the information? 0.19 0.18 0.03 0.12 -0.03 0.17 -0.03 

18 Q2-4 How did you prepared the report? 0.14 0.17 -0.07 0.09 -0.07 0.16 -0.08 

19 Classroom lecture effectiveness 0.10 0.06 0.11 0.20 0.25 0.01 0.17 

20 Mentoring effectiveness 0.08 0.04 0.11 0.10 0.20 0.07 0.08 

21 Simulation effectiveness 0.11 0.05 0.19 0.11 0.23 0.03 0.18 

22 Study guide effectiveness 0.18 0.11 0.19 0.16 0.33 -0.02 0.25 

23 Web-based training effectiveness 0.17 0.12 0.09 0.16 0.26 0.10 0.18 

24 Mentoring program effectiveness 0.05 0.04 0.02 0.15 0.14 0.05 0.09 

25 Peer Assist program effectiveness 0.07 0.08 0.01 0.13 0.18 0.08 0.07 

26 Electronics documents helpfulness 0.27 0.27 0.22 0.07 0.25 0.12 0.28 

27 FAQ database helpfulness 0.22 0.20 0.18 0.14 0.23 0.08 0.22 

28 Simulation labs helpfulness 0.21 0.23 0.18 0.11 0.25 0.07 0.23 

29 Message boards helpfulness 0.28 0.22 0.20 0.01 0.22 0.02 0.29 
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 Scale Description 8 9 10 11 12 13 14 

1 N Social media actively used (create or post content)               

2 N Social media passively used (read)        

3 Frequency social media used        

4 Landline usage        

5 Mobile phone usage        

6  E-Mail usage        

7 Text usage        

8 Social network usage        

9 Face-to-face usage 0.16       

10 Q2-2 How did you find the answer? 0.02 -0.10      

11 Q1-19A Locate experts in agency 0.16 0.18 -0.08     

12 Q1-19B Find specific information 0.11 0.17 0.08 0.43    

13 Q1-19C Identify lessons learned 0.19 0.21 0.03 0.42 0.31   

14 1-19D Identify initiatives taking place 0.18 0.21 0.04 0.42 0.38 0.41  

15 Q1-19E Share work information with others 0.05 0.26 -0.02 0.23 0.35 0.28 0.27 

16 Q1-19F Build & maintain body of work knowledge 0.20 0.24 -0.07 0.29 0.39 0.37 0.43 

17 Q2-3 How did you capture the information? -0.05 0.03 0.28 -0.05 0.15 -0.01 0.13 

18 Q2-4 How did you prepared the report? -0.10 -0.04 0.21 -0.08 0.04 -0.05 -0.06 

19 Classroom lecture effectiveness 0.21 0.09 -0.04 0.21 0.14 0.12 0.16 

20 Mentoring effectiveness 0.18 0.15 -0.08 0.26 0.18 0.13 0.16 

21 Simulation effectiveness 0.18 0.19 -0.09 0.27 0.17 0.14 0.17 

22 Study guide effectiveness 0.26 0.10 0.02 0.26 0.18 0.19 0.17 

23 Web-based training effectiveness 0.11 0.06 0.06 0.23 0.18 0.15 0.18 

24 Mentoring program effectiveness 0.13 0.17 -0.01 0.17 0.16 0.09 0.04 

25 Peer Assist program effectiveness 0.12 0.15 -0.03 0.18 0.10 0.10 0.14 

26 Electronics documents helpfulness 0.23 0.10 0.07 0.19 0.26 0.18 0.18 

27 FAQ database helpfulness 0.18 0.04 0.06 0.15 0.16 0.15 0.23 

28 Simulation labs helpfulness 0.23 0.16 -0.02 0.28 0.21 0.18 0.24 

29 Message boards helpfulness 0.25 0.10 0.01 0.16 0.05 0.15 0.14 
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 Scale Description 15 16 17 18 19 20 21 

1 N Social media actively used (create or post content)               

2 N Social media passively used (read)        

3 Frequency social media used        

4 Landline usage        

5 Mobile phone usage        

6  E-Mail usage        

7 Text usage        

8 Social network usage        

9 Face-to-face usage        

10 Q2-2 How did you find the answer?        

11 Q1-19A Locate experts in agency        

12 Q1-19B Find specific information        

13 Q1-19C Identify lessons learned        

14 1-19D Identify initiatives taking place        

15 Q1-19E Share work information with others        

16 Q1-19F Build & maintain body of work knowledge 0.36       

17 Q2-3 How did you capture the information? 0.03 0.01      

18 Q2-4 How did you prepared the report? 0.08 0.01 0.29     

19 Classroom lecture effectiveness 0.09 0.18 -0.06 0.01    

20 Mentoring effectiveness 0.06 0.18 -0.04 -0.01 0.40   

21 Simulation effectiveness 0.22 0.23 -0.04 -0.02 0.37 0.45  

22 Study guide effectiveness 0.19 0.20 -0.04 0.02 0.60 0.35 0.42 

23 Web-based training effectiveness 0.14 0.14 0.04 0.00 0.38 0.18 0.36 

24 Mentoring program effectiveness 0.16 0.20 -0.02 0.02 0.24 0.52 0.27 

25 Peer Assist program effectiveness 0.19 0.17 0.03 0.00 0.18 0.42 0.26 

26 Electronics documents helpfulness 0.14 0.17 0.08 0.06 0.31 0.23 0.21 

27 FAQ database helpfulness 0.12 0.17 0.09 0.04 0.27 0.21 0.20 

28 Simulation labs helpfulness 0.21 0.27 -0.02 -0.05 0.30 0.29 0.57 

29 Message boards helpfulness 0.03 0.13 0.06 0.01 0.22 0.23 0.19 
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 Scale Description 22 23 24 25 26 27 28 29 

1 N Social media actively used (create or post content)                 

2 N Social media passively used (read)         

3 Frequency social media used         

4 Landline usage         

5 Mobile phone usage         

6  E-Mail usage         

7 Text usage         

8 Social network usage         

9 Face-to-face usage         

10 Q2-2 How did you find the answer?         

11 Q1-19A Locate experts in agency         

12 Q1-19B Find specific information         

13 Q1-19C Identify lessons learned         

14 1-19D Identify initiatives taking place         

15 Q1-19E Share work information with others         

16 Q1-19F Build & maintain body of work knowledge         

17 Q2-3 How did you capture the information?         

18 Q2-4 How did you prepared the report?         

19 Classroom lecture effectiveness         

20 Mentoring effectiveness         

21 Simulation effectiveness         

22 Study guide effectiveness         

23 Web-based training effectiveness 0.54        

24 Mentoring program effectiveness 0.22 0.18       

25 Peer Assist program effectiveness 0.24 0.19 0.77      

26 Electronics documents helpfulness 0.38 0.45 0.28 0.27     

27 FAQ database helpfulness 0.29 0.33 0.28 0.26 0.62    

28 Simulation labs helpfulness 0.34 0.35 0.36 0.36 0.48 0.50   

29 Message boards helpfulness 0.35 0.43 0.29 0.31 0.55 0.59 0.44   

It is true that multi-collinearity and the explanatory variables muddy the inference 

obtained from the data analysis. For example, ten variables have correlations higher than 50 

percent. 

While some scales were more highly correlated than desired, the distinctions were 

retained as the items referred to different methods or modalities. For example, peer assistance is 

operationally different than mentoring, which generally involves a more senior person working 
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with a relatively more junior person. The correlation between mentoring and peer assistance is 

high (.77). They were both rated as effective to very effective, as depicted in Table H-2. Due to 

the long and complex approval process in the FAA, it is not possible to change the survey 

questions or ask the respondents to retake it. The respondents may have been confused by the 

distinction between peer assist and mentoring, which led to the high correlation. This distinction, 

while interesting, has no bearing on the hypotheses. 

Active (creating or posting content) and passive (just reading) use of social media are 

likely to be correlated because of the common denominator, social media. 

Study guide and Web-based training are both subsets of classroom material and therefore 

are likely to be correlated. 

The last four entries in Table H-2 are all subsets of electronic documents and therefore are 

also likely to be correlated. 

Table H-2 Scales correlation 

Scales Correlation 

Active-passive social media use (1 & 2) .59 

Social network use & frequency (3 & 8) .55 

Text & social network (7 & 8) .51 

Classroom & study guide (19 & 22) .60 

Study guide & Web-based training (22 & 23) .54 

Mentoring & peer assist (24 & 25) .77 

Electronic documents & FAQ (26 & 27) .62 

Electronic documents & message boards (26 & 29) .55 

Simulation labs & FAQ (27 & 28) .50 

FAQ & message boards (27 & 29) .59 
  



 

 263 

Appendix I: Descriptive Statistics of Dependent Variables 

The statistical methods used to arrive at a conclusion for hypotheses 1, 3, 4, and 5 were: 

analysis of variance (ANOVA) and paired comparisons using Tukey’s tests. 

The statistical method used to arrive at a conclusion for hypotheses 2, 6, and 7 was the 

Chi-square test. 

Though the primary factor in this study is the age of respondents, other factors such as 

education, work experience, and group (controllers or academia) may also influence the results. 

However, work experience has a significant correlation with age (coefficient of correlation ρ≠0, 

based on α=0.05). Therefore, work experience is dependent on the age of the respondent and is 

not considered to be an independent factor that could influence the results. The gender of the 

respondents was not considered to be a factor in this analysis either. Age is the only factor that 

was considered for ANOVA procedures. The source of all tables and plots in this section is an 

internal FAA document, the data analysis, 13 February 2013. 

The source of all the tables in this appendix is an FAA internal document, the data 

analysis, 13 February 2013. 

I.1 Hypothesis 1 

Older air traffic controllers prefer fewer modes of communications and use them less 

frequently than do younger controllers. 

The questions associated with this hypothesis are as follows: 

Q1-1. For the following, indicate how you use each medium. This question has several 

subsections and is discussed further below. 

Q1-2. For the following, indicate your level of use for each medium. This question has 

several subsections and is discussed further below. 
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Q1-7. Indicate how often you communicate with your friends and colleagues using the 

following methods. This question has several subsections and is discussed further below. 

Q1-8. Indicate how you prefer your friends and colleagues (both inside and outside the 

agency) to communicate with you. 

Q1-9. Indicate how often your friends and colleagues communicate with you using the 

following methods. This question has several subsections and is discussed further below. 

Q1-12. Indicate how often you approach the people you listed in Q1-10.72 This question 

has several subsections and is discussed further below. 

Q1-15. Indicate how often the people you listed approach you. This question has several 

subsections and is discussed further below. 

See Appendix G for the associated frequency and reliability tables. 

Q1-1. Active social media usage 

Descriptive statistics for active social media usage are depicted in Table I-1. 

Table I-1 Descriptive statistics for active social media usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper bound   

Millennials 201 3.38 1.920 .135 3.12 3.65 0 10 

Gen Xers 160 2.16 1.932 .153 1.86 2.46 0 11 

Boomers 93 1.58 1.784 .185 1.21 1.95 0 8 

Total 454 2.58 2.034 .095 2.40 2.77 0 11 

Overall, there were significant differences in the perceptions of active social media usage 

by generation as shown in Table I-2 F(2, 451)=250.397, p<.000. Post hoc analysis with Tukey’s 

                                   
72 Q1-10, when you seek work-related information, identify whom you approach. 
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honestly significant difference (HSD) showed that Millennials used active social media more 

frequently (M=3.38) than did either Gen Xers (M=2.16) or Boomers (M=1.58). The mean scores 

for Gen Xers and Boomers were not significantly different (Table I-3). 

One-way ANOVA is depicted in Table I-2. 

Table I-2 Active social media usage 

 Sum of squares df Mean square F Sig. 

Between groups 250.397 2 125.198 34.770 .000 

Within groups 1623.923 451 3.601   

Total 1874.319 453    

Post Hoc Tests 

For active social media usage, Tukey’s HSD is depicted in Table I-3. 

Table I-3 Active social media usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers 1.221* .201 .000 

3 Boomers 1.802* .238 .000 

2 Gen Xers 
1 Millennials -1.221* .201 .000 

3 Boomers .582 .247 .500 

3 Boomers 
1 Millennials -1.802* .238 .000 

2 Gen Xers -.582 .247 .500 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-1. 
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Figure I-1 Active social media usage media means plot 

Q1-1. Passive social media usage 

Descriptive statistics for passive social media usage are depicted in Table I-4. 

Table I-4 Descriptive statistics for passive social media usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper bound   

Millennials 201 4.06 1.754 .124 3.82 4.30 0 8 

Gen Xers 160 3.04 1.995 .158 2.73 3.36 0 8 

Boomers 93 2.74 2.095 .217 2.31 3.17 0 8 

Total 454 3.43 1.993 .094 3.25 3.62 0 8 

Overall, there were significant differences in the perceptions of passive social media 

usage by generation as shown in Table I-5 F(2, 451)=147.599, p<.000. Post hoc analysis with 

Tukey’s HSD showed that Millennials used passive social media more frequently (M=4.06) than 
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did either Gen Xers (M=3.04) or Boomers (M=2.74). The mean scores for Gen Xers and 

Boomers were not significantly different (Table I-6). 

One-way ANOVA is depicted in Table I-5. 

Table I-5 Passive social media usage 

 Sum of squares df Mean square F Sig. 

Between groups 147.599 2 73.800 20.150 .000 

Within groups 1651.784 451 3.662   

Total 1799.383 453    

Post Hoc Tests 

For passive social media usage, Tukey’s HSD is depicted in Table I-6. 

Table I-6 Passive social media usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 2 Gen Xers 1.016* .203 .000 

 3 Boomers 1.318* .240 .000 

2 Gen Xers 
1 Millennials -1.016* .203 .000 

3 Boomers .302 .250 .448 

3 Boomers 
1 Millennials -1.318* .240 .000 

2 Gen Xers -.302 .250 .448 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-2. 
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Figure I-2 Passive social media usage means plot 

Q1-2. Frequency of social media usage 

Descriptive statistics for frequency of social media usage are depicted in Table I-7. 

Table I-7 Descriptive statistics for frequency of social media usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 199 3.0972 .70027 .04964 2.9993 3.1950 1.33 5.00 

Gen Xers 155 2.3574 .88704 .07125 2.2166 2.4982 1.00 5.00 

Boomers 83 2.1729 .95661 .10500 1.9640 2.3818 1.00 4.55 

Total 437 2.6592 .91525 .04378 2.5732 2.7453 1.00 5.00 

Overall, there were significant differences in the frequency of social media usage by 

generation as shown in Table I-8 F(2, 434)=71.917, p<.000. Post hoc analysis with Tukey’s HSD 

showed that Millennials used social media more frequently (M=3.0972) than did either Gen Xers 
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(M=2.3574) or Boomers (M=2.1729). The mean scores for Gen Xers and Boomers were not 

significantly different (Table I-9). 

One-way ANOVA is depicted in Table I-8. 

Table I-8 Frequency of social media usage 

 Sum of squares df Mean square F Sig. 

Between groups 71.917 2 35.959 53.207 .000 

Within groups 293.309 434 .676   

Total 365.227 436    

Post Hoc Tests 

For frequency of social media usage, Tukey’s HSD is depicted in Table I-9. 

Table I-9 Frequency of social media usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .73975* .08807 .000 

3 Boomers .92428* .10742 .000 

2 Gen Xers 
1 Millennials -.73975* .08807 .000 

3 Boomers .18453 .11182 .226 

3 Boomers 
1 Millennials -.92428* .10742 .000 

2 Gen Xers -.18453 .11182 .226 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-3. 
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Figure I-3 Frequency of social media usage means plot 

Q1-8. Indicate how you prefer your friends and colleagues to communicate with you. 

Generational preference in incoming communications modes are depicted in Table I-10. 

Table I-10 Incoming communications modes 

  Millennials Gen Xers Boomers Total 

Indicate how you prefer 
your friends and colleagues 
(both inside and outside the 
agency) to communicate 
with you 

1 Landline phone 12 16 16 44 

2 Mobile phone 91 68 35 194 

3 e-mail 6 21 26 53 

4 Texting 74 50 12 136 

5 Social network 17 5 3 25 

Total  200 160 92 452 

Q1-7A, Q1-9A, Q1-12A, Q1-15A: Landline usage 

Descriptive statistics for landline usage are depicted in Table I-11. 
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Table I-11 Descriptive statistics for landline usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 124 1.8569 1.11376 .10002 1.6589 2.0548 1.00 5.00 

Gen Xers 129 2.1970 1.14185 .10053 1.9981 2.3960 1.00 5.00 

Boomers 90 2.4481 1.15623 .12188 2.2060 2.6903 1.00 5.00 

Total 343 2.1399 1.15641 .06244 2.0171 2.2628 1.00 5.00 

Overall, there were significant differences in the perceptions of landline usage by 

generation as shown in Table I-12 F(2, 340)=18.907, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials used landline phones less frequently (M=1.8569) than did either 

Gen Xers (M=2.1970) or Boomers (M=2.4481). The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-13). 

One-way ANOVA is depicted in Table I-12. 

Table I-12 Landline usage 

 Sum of squares df Mean square F Sig. 

Between groups 18.907 2 9.453 7.331 .001 

Within groups 438.446 340 1.290   

Total 457.352 342    

Post Hoc Tests 

For landline usage, Tukey’s HSD is depicted in Table I-13. 
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Table I-13 Landline usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers -.34017* .14281 .047 

3 Boomers -.59129* .15725 .001 

2 Gen Xers 
1 Millennials .34017* .14281 .047 

3 Boomers -.25112 .15596 .243 

3 Boomers 
1 Millennials .59129* .15725 .001 

2 Gen Xers .25112 .15596 .243 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-4. 

 

Figure I-4 Landline usage means plot 

Q1-7B, Q1-9B, Q1-12B, Q1-15B. Mobile phone usage 

Descriptive statistics for mobile phone usage are depicted in Table I-14. 
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Table I-14 Descriptive statistics for mobile phone usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 182 3.7962 1.00956 .07483 3.6486 3.9439 1.00 5.00 

Gen Xers 156 3.3189 .97968 .07844 3.1640 3.4739 1.00 5.00 

Boomers 86 3.1502 1.06219 .11454 2.9225 3.3779 1.00 5.00 

Total 424 3.4896 1.04362 .05068 3.3900 3.5892 1.00 5.00 

Overall, there were significant differences in the perceptions of mobile phone usage by 

generation as shown in Table I-15 F(2, 421)=31.566, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials used mobile phone more frequently (M=3.7962) than did either 

Gen Xers (M=3.3189) or Boomers (M=3.1502). The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-16). 

One-way ANOVA is depicted in Table I-15. 

Table I-15 Mobile phone usage 

 Sum of squares df Mean square F Sig. 

Between groups 31.566 2 15.783 15.483 .000 

Within groups 429.145 421 1.019   

Total 460.711 423    

Post Hoc Tests 

For mobile phone usage, Tukey’s HSD is depicted in Table I-16. 
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Table I-16 Mobile phone usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .47734* .11016 .000 

3 Boomers .64605* .13211 .000 

2 Gen Xers 
1 Millennials -.47734* .11016 .000 

3 Boomers .16872 .13560 .428 

3 Boomers 
1 Millennials -.64605* .13211 .000 

2 Gen Xers -.16872 .13560 .428 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-5 (Boomers = Gen Xers < Millennials). 

 

Figure I-5 Mobile phone usage means plot 

Q1-7C, Q1-9C, Q1-12C, Q1-15C. E-mail usage 

Descriptive statistics for e-mail usage are depicted in Table I-17. 
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Table I-17 Descriptive statistics for e-mail usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 183 2.5328 1.16535 .08615 2.3628 2.7028 1.00 5.00 

Gen Xers 158 3.0069 1.09775 .08733 2.8344 3.1794 1.00 5.00 

Boomers 92 3.4194 1.02125 .10647 3.2079 3.6309 1.00 5.00 

Total 433 2.8941 1.16125 .05581 2.7845 3.0038 1.00 5.00 

Overall, there were significant differences in the perceptions of email usage by 

generation as shown in Table I-18 F(2, 430)=51.284, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials used email usage less frequently (M=2.5328) than did either Gen 

Xers (M=3.0069) or Boomers (M=3.4194). The mean scores for Gen Xers and Boomers were 

significantly different (Table I-19). 

One-way ANOVA is depicted in Table I-18. 

Table I-18 E-mail usage 

 Sum of squares df Mean square F Sig. 

Between groups 51.284 2 25.642 20.754 .000 

Within groups 531.267 430 1.236   

Total 582.551 432    

Post Hoc Tests 

For e-mail usage, Tukey’s HSD is depicted in Table I-19. 
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Table I-19 E-mail usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers -.47407* .12071 .000 

3 Boomers -.88660* .14206 .000 

2 Gen Xers 
1 Millennials .47407* .12071 .000 

3 Boomers -.41253* .14577 .013 

3 Boomers 
1 Millennials .88660* .14206 .000 

2 Gen Xers .41253* .14577 .013 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-6. 

 

Figure I-6 E-mail usage means plot 

Q1-7D, Q1-9D, Q1-12D, Q1-15D. Texting usage 

Descriptive statistics for texting usage are depicted in Table I-20. 

Table I-20 Descriptive statistics for texting usage 
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 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 200 4.1846 .78569 .05556 4.0750 4.2941 1.50 5.00 

Gen Xers 154 3.3669 1.08735 .08762 3.1938 3.5400 1.00 5.00 

Boomers 87 2.6724 1.20002 .12866 2.4167 2.9282 1.00 5.00 

Total 441 3.6007 1.14729 .05463 3.4933 3.7081 1.00 5.00 

Overall, there were significant differences in the perceptions of texting usage by 

generation as shown in Table I-21 F(2, 438)=151.572, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials used texting more frequently (M=4.1846) than did either Gen Xers 

(M=3.3669) or Boomers (M=2.6724). The mean scores for Gen Xers and Boomers were 

significantly different (Table I-22). 

One-way ANOVA is depicted in Table I-21. 

Table I-21 Texting usage 

 Sum of squares df Mean square F Sig. 

Between groups 151.572 2 75.786 77.632 .000 

Within groups 427.586 438 .976   

Total 579.158 440    

Post Hoc Tests 

For texting usage, Tukey’s HSD is depicted in Table I-22. 
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Table I-22 Texting usage multiple comparisons 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .81770* .10593 .000 

3 Boomers 1.51217* .12689 .000 

2 Gen Xers 
1 Millennials -.81770* .10593 .000 

3 Boomers .69447* .13251 .000 

3 Boomers 
1 Millennials -1.51217* .12689 .000 

2 Gen Xers -.69447* .13251 .000 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-7. 

 

Figure I-7 Texting usage means plot 

Q1-7E, Q1-9E, Q1-12F, Q1-15F. Social network usage 

Descriptive statistics for social network usage are depicted in Table I-23. 

  



 

 279 

Table I-23 Descriptive statistics for social network usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 186 3.3302 1.02207 .07494 3.1823 3.4780 1.00 5.00 

Gen Xers 115 2.3297 1.18075 .11011 2.1116 2.5478 1.00 5.00 

Boomers 61 2.0191 1.25059 .16012 1.6988 2.3394 1.00 5.00 

Total 362 2.7914 1.24651 .06552 2.6626 2.9203 1.00 5.00 

Overall, there were significant differences in the perceptions of social network usage by 

generation as shown in Table I-24 F(2, 359)=114.890, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials used social network more frequently (M=3.3302) than did either 

Gen Xers (M=2.3297) or Boomers (M=2.0191). The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-24). 

One-way ANOVA is depicted in Table I-24. 

Table I-24 Social network usage 

 Sum of squares df Mean square F Sig. 

Between groups 114.890 2 57.445 46.236 .000 

Within groups 446.030 359 1.242   

Total 560.920 361    

Post Hoc Tests 

For social network usage, Tukey’s HSD is depicted in Table I-25. 
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Table I-25 Social network usage multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers 1.00049* .13222 .000 

3 Boomers 1.31107* .16446 .000 

2 Gen Xers 
1 Millennials -1.00049* .13222 .000 

3 Boomers .31058 .17655 .185 

3 Boomers 
1 Millennials -1.31107* .16446 .000 

2 Gen Xers -.31058 .17655 .185 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-8. 

 

Figure I-8 Social network usage means plot 

Q1-12E, Q1-15E. Face-to-face communications usage 

Descriptive statistics for face-to-face usage are depicted in Table I-26. 
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Table I-26 Descriptive statistics for face-to-face communications usage 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 200 4.2925 .81178 .05740 4.1793 4.4057 1.50 5.00 

Gen Xers 158 4.0759 1.05905 .08425 3.9095 4.2424 1.00 5.00 

Boomers 90 3.8389 .99952 .10536 3.6295 4.0482 1.00 5.00 

Total 448 4.1250 .95713 .04522 4.0361 4.2139 1.00 5.00 

Overall, there were significant differences in the perceptions of face-to-face 

communications by generation as shown in Table I-27 F(2, 445)=13.359, p<.001. Post hoc 

analysis with Tukey’s HSD showed that Millennials used face-to-face communications as 

frequently (M=4.2925) as did Gen Xers (M=4.0759) and more frequently than did Boomers 

(M=3.8389). The mean scores for Gen Xers and Boomers were not significantly different (Table 

I-28). 

One-way ANOVA is depicted in Table I-27. 

Table I-27 Face-to-face communications usage 

 Sum of squares df Mean square F Sig. 

Between groups 13.359 2 6.679 7.503 .001 

Within groups 396.141 445 .890   

Total 409.500 447    

Post Hoc Tests 

For face-to-face usage, Tukey’s HSD is depicted in Table I-28. 
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Table I-28 Face-to-face communications usage multiple comparisons 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .21655 .10043 .080 

3 Boomers .45361* .11976 .001 

2 Gen Xers 
1 Millennials -.21655 .10043 .080 

3 Boomers .23706 .12460 .139 

3 Boomers 
1 Millennials -.45361* .11976 .001 

2 Gen Xers -.23706 .12460 .139 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-9. 

 

Figure I-9 Face-to-face communications usage means plot 

The data confirm this hypothesis. The questions associated with this hypothesis address 

eight modes of social communications: social media (active), social media (passive), landline 

phone, mobile, e-mail, texting, social networks, and face-to-face communication. Boomer 

respondents prefer landline phones and e-mail, while Millennials prefer the other six modes. The 
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only area that shows unexpected results is face-to-face communication, which may be typical for 

the younger generations (both Gen Xers and Millennials preferred face-to-face communication 

more than Boomers did) working in an environment where they need a high degree of tacit 

knowledge transfer from their more experienced colleagues. 

I.2 Hypothesis 2 

Older air traffic controllers search longer for and share less information than do 

younger controllers. 

The question associated with this hypothesis is as follows: 

Q2-2. How did you find the answer? 

See Appendix G for the associated frequency and reliability tables. 

Generational comparison for how did you find the answer is depicted in Table I-29. 

Table I-29 “How did you find the answer?” 

  
 1 

Millennials 

2 Gen 

Xers 

3 Boomers Total 

How did you 

find the 

answer? 

1 Asked a colleague 

Count 97 66 35 198 

% within generation-

generation 
49.0 41.2 37.6 43.9 

2 Searched online 

Count 94 89 57 240 

% within generation-

generation 
47.5 55.6 61.3 53.2 

3 Texted a colleague 

Count 5 3 1 9 

% within generation-

generation 
2.5 1.9 1.1 2.0 

4 Posted a question 

to a social media site 

Count 2 2 0 4 

% within generation- 1.0 1.2 0.0 0.9 
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generation 

Total 

 Count 198 160 93 451 

% within generation-

generation 
100.0 100.0 100.0 100.0 

Chi-Square test is depicted in Table I-30. 

Table I-30 Chi-square test 

 Value df Asymptotic Sig. (2-sided) 

Pearson chi-square 6.577* 6 .362 

Likelihood ratio 7.428 6 .283 

Linear-by-linear association 1.579 1 .209 

N of valid cases 451   

(*) Six cells (50.0 percent) have an expected count of less than 5. The minimum expected 

count is .82. 

The data are equivocal about this hypothesis. 

I.3 Hypothesis 3 

Older air traffic controllers find classroom instruction, instruction materials, and 

computer simulation less effective than do younger controllers. 

The questions associated with this hypothesis is are follows: 

Q3-1. How effective to you are (were) the following methods used in ATC training? This 

question has several subsections and is discussed further below. 

Q3-2. If the following resources were implemented in your training, how much do you 

think they would have helped you? This question has several subsections and is discussed further 

below. 
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See Appendix G for the associated frequency and reliability tables. 

Q3-1A. Classroom lecture effectiveness 

Descriptive statistics for classroom lecture effectiveness are depicted in Table I-31. 

Table I-31 Descriptive statistics for classroom lecture effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 198 3.6343 .91420 .06497 3.5061 3.7624 1.00 5.00 

Gen Xers 157 3.1932 .96424 .07695 3.0412 3.3452 1.00 5.00 

Boomers 93 3.1765 .93387 .09684 2.9842 3.3689 1.00 5.00 

Total 448 3.3847 .96010 .04536 3.2955 3.4738 1.00 5.00 

Overall, there were significant differences in the perceptions of classroom lecture 

effectiveness by generation as shown in Table I-32 F(2, 445)=22.119, p<.000. Post hoc analysis 

with Tukey’s HSD showed that Millennials rated classroom lectures as more effective 

(M=3.6343) than did either Gen Xers (M=3.1932) or Boomers (M=3.1765). The mean scores for 

Gen Xers and Boomers were not significantly different (Table I-33). 

One-way ANOVA is depicted in Table I-32. 

Table I-32 Classroom lecture effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 22.119 2 11.059 12.622 .000 

Within groups 389.922 445 .876   

Total 412.041 447    

Post Hoc Tests 

For classroom lecture effectiveness, Tukey’s HSD is depicted in Table I-33. 
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Table I-33 Classroom lecture effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .44105* .10003 .000 

3 Boomers .45774* .11767 .000 

2 Gen Xers 
1 Millennials -.44105* .10003 .000 

3 Boomers .01668 .12249 .990 

3 Boomers 
1 Millennials -.45774* .11767 .000 

2 Gen Xers -.01668 .12249 .990 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-10. 

 

Figure I-10 Classroom lecture effectiveness means plot 

Q3-1B. Mentoring effectiveness 

Descriptive statistics for mentoring effectiveness are depicted in Table I-34. 
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Table I-34 Descriptive statistics for mentoring effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 189 3.8761 .91002 .06619 3.7455 4.0067 1.00 5.00 

Gen Xers 155 3.6634 .96189 .07726 3.5108 3.8161 1.00 5.00 

Boomers 90 3.5213 1.05161 .11085 3.3010 3.7416 1.00 5.00 

Total 434 3.7266 .96741 .04644 3.6353 3.8178 1.00 5.00 

Overall, there were significant differences in the perceptions of mentoring effectiveness 

by generation as shown in Table I-35 F(2, 431)=8.636, p<.010. Post hoc analysis with Tukey’s 

HSD showed that Millennials rated mentoring as effective (M=3.8761) as did Gen Xers 

(M=3.6634) and more effective than did Boomers (M=3.5213). The mean scores for Gen Xers 

and Boomers were not significantly different (Table I-36). 

One-way ANOVA is depicted in Table I-35. 

Table I-35 Mentoring effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 8.636 2 4.318 4.693 .010 

Within groups 396.598 431 .920   

Total 405.234 433    

Post Hoc Tests 

For mentoring effectiveness, Tukey’s HSD is depicted in Table I-36. 
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Table I-36 Mentoring effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .21266 .10395 .103 

3 Boomers .35481* .12285 .011 

2 Gen Xers 
1 Millennials -.21266 .10395 .103 

3 Boomers .14214 .12713 .503 

3 Boomers 
1 Millennials -.35481* .12285 .011 

2 Gen Xers -.14214 .12713 .503 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-11. 

 

Figure I-11 Mentoring effectiveness means plot 

Q3-1C. Simulation effectiveness 

Descriptive statistics for simulation effectiveness are depicted in Table I-37. 
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Table I-37 Descriptive statistics for simulation effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 188 4.1680 .87343 .06370 4.0423 4.2937 1.00 5.00 

Gen Xers 154 3.7278 .97421 .07850 3.5727 3.8829 1.00 5.00 

Boomers 90 3.7639 .95924 .10111 3.5630 3.9648 1.00 5.00 

Total 432 3.9269 .95025 .04572 3.8370 4.0168 1.00 5.00 

Overall, there were significant differences in the perceptions of simulation effectiveness 

by generation as shown in Table I-38 F(2, 429)=19.423, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials rated simulations as more effective (M=4.1680) than did either 

Gen Xers (M=3.7278) or Boomers (M=3.7639). The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-112). 

One-way ANOVA is depicted in Table I-38. 

Table I-38 Simulation effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 19.423 2 9.712 11.268 .000 

Within groups 369.761 429 .862   

Total 389.184 431    

Post Hoc Tests 

For simulation effectiveness, Tukey’s HSD is depicted in Table I-39. 
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Table I-39 Simulation effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .44018* .10090 .000 

3 Boomers .40411* .11900 .002 

2 Gen Xers 
1 Millennials -.44018* .10090 .000 

3 Boomers -.03608 .12318 .954 

3 Boomers 
1 Millennials -.40411* .11900 .002 

2 Gen Xers .03608 .12318 .954 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-12. 

 

Figure I-12 Simulation effectiveness means plot 

Q3-1D. Study guide effectiveness 

Descriptive statistics for study guide effectiveness are depicted in Table I-40. 
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Table I-40 Descriptive statistics for study guide effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 191 3.7256 .96559 .06987 3.5878 3.8634 1.00 5.00 

Gen Xers 158 3.2284 .98225 .07814 3.0740 3.3827 1.00 5.00 

Boomers 92 3.0761 .95628 .09970 2.8780 3.2741 1.00 5.00 

Total 441 3.4119 1.00717 .04796 3.3177 3.5062 1.00 5.00 

Overall, there were significant differences in the perceptions of study guide effectiveness 

by generation as shown in Table I-41 F(2, 438)=34.488, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials rated study guides as more effective (M=3.7256) than did either 

Gen Xers (M=3.2284) or Boomers (M=3.0761). The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-42). 

One-way ANOVA is depicted in Table I-41. 

Table I-41 Study guide effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 34.488 2 17.244 18.339 .000 

Within groups 411.842 438 .940   

Total 446.330 440    

Post Hoc Tests 

For study guide effectiveness, Tukey’s HSD is depicted in Table I-42. 
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Table I-42 Study guide effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .49719* .10428 .000 

3 Boomers .64948* .12306 .000 

2 Gen Xers 
1 Millennials -.49719* .10428 .000 

3 Boomers .15229 .12717 .455 

3 Boomers 
1 Millennials -.64948* .12306 .000 

2 Gen Xers -.15229 .12717 .455 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-13. 

 

Figure I-13 Study guide effectiveness means plot 

Q3-1E. Web-based training effectiveness 

Descriptive statistics for Web-based training effectiveness are depicted in Table I-43. 
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Table I-43 Descriptive statistics for Web-based training effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 167 3.1791 1.10545 .08554 3.0103 3.3480 1.00 5.00 

Gen Xers 151 3.0464 1.14462 .09315 2.8623 3.2304 1.00 5.00 

Boomers 88 2.7585 1.03105 .10991 2.5401 2.9770 1.00 4.75 

Total 406 3.0386 1.11342 .05526 2.9300 3.1472 1.00 5.00 

Overall, there were significant differences in the perceptions of Web-based effectiveness 

by generation as shown in Table I-44 F(2, 403)=10.211, p<.016. Post hoc analysis with Tukey’s 

HSD showed that Millennials rated Web-based training as effective (M=3.1791) as did Gen Xers 

(M=3.0464) and more effective than did Boomers (M=2.7585). The mean scores for Gen Xers 

and Boomers were not significantly different (Table I-45). 

One-way ANOVA is depicted in Table I-44. 

Table I-44 Web-based training effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 10.211 2 5.105 4.183 .016 

Within groups 491.865 403 1.221   

Total 502.076 405    

Post Hoc Tests 

For Web-based training effectiveness, Tukey’s HSD is depicted in Table I-5. 

  



 
 

 294 

Table I-45 Web-based training effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .13278 .12406 .533 

3 Boomers .42062* .14553 .011 

2 Gen Xers 
1 Millennials -.13278 .12406 .533 

3 Boomers .28783 .14816 .128 

3 Boomers 
1 Millennials -.42062* .14553 .011 

2 Gen Xers -.28783 .14816 .128 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-14. 

 

Figure I-14 Web-based training effectiveness means plot 

Q3-2A. Mentoring program effectiveness 

Descriptive statistics for mentoring program effectiveness are depicted in Table I-46. 
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Table I-46 Descriptive statistics for mentoring program effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 187 3.9630 .96082 .07026 3.8244 4.1016 1.00 5.00 

Gen Xers 156 3.9161 .97369 .07796 3.7621 4.0701 1.00 5.00 

Boomers 89 3.7388 1.09422 .11599 3.5083 3.9693 1.00 5.00 

Total 432 3.8999 .99549 .04790 3.8057 3.9940 1.00 5.00 

Overall, there were no significant differences in the perceptions of mentoring program 

effectiveness by generation as shown in Table I-47 F(2, 429)=3.097, p<.210. 

One-way ANOVA is depicted in Table I-47. 

Table I-47 Mentoring program effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 3.097 2 1.548 1.567 .210 

Within groups 424.025 429 .988   

Total 427.121 431    

Post Hoc Tests 

For mentoring program effectiveness, Tukey’s HSD is depicted in Table I-48. 

Table I-48 Mentoring program effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .04688 .10780 .901 

3 Boomers .22425 .12803 .187 

2 Gen Xers 
1 Millennials -.04688 .10780 .901 

3 Boomers .17737 .13207 .372 

3 Boomers 
1 Millennials -.22425 .12803 .187 

2 Gen Xers -.17737 .13207 .372 
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The means plot is shown in Figure I-15. 

 

Figure I-15 Mentoring program effectiveness means plot 

Q3-2B. Peer assist program effectiveness 

Descriptive statistics for peer assist program effectiveness are depicted in Table I-49. 

Table I-49 Descriptive statistics for peer assist program effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 185 3.7928 .98237 .07223 3.6503 3.9353 1.00 5.00 

Gen Xers 154 3.8755 .98053 .07901 3.7194 4.0316 1.00 5.00 

Boomers 89 3.6105 1.06983 .11340 3.3851 3.8358 1.00 5.00 

Total 428 3.7847 1.00278 .04847 3.6894 3.8799 1.00 5.00 
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Overall, there were no significant differences in the perceptions of peer assist program 

effectiveness by generation as shown in Table I-50 F(2, 425)=3.984, p<.138. 

One-way ANOVA is depicted in Table I-50. 

Table I-50 Peer assist program effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 3.984 2 1.992 1.990 .138 

Within groups 425.391 425 1.001   

Total 429.375 427    

Post Hoc Tests 

For peer assist program effectiveness, Tukey’s HSD is depicted in Table I-51. 

Table I-51 Peer assist program effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers -.08275 .10913 .729 

3 Boomers .18231 .12906 .335 

2 Gen Xers 
1 Millennials .08275 .10913 .729 

3 Boomers .26505 .13321 .116 

3 Boomers 
1 Millennials -.18231 .12906 .335 

2 Gen Xers -.26505 .13321 .116 

The means plot is shown in Figure I-16. 
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Figure I-16 Peer assist program effectiveness means plot 

The data confirm this hypothesis. Two questions were associated with this hypothesis. 

First, participants were asked about the effectiveness of five existing training methods: (1) 

classroom lecture, (2) mentoring, (3) simulation, (4) study guide, and (5) Web-based training. 

Second, participants were asked to judge the effectiveness two possible future training methods: 

(1) mentoring program and (2) peer assist. In response to the first question, Boomers find the 

effectiveness of classroom lecture, mentoring, simulation, study guides, and Web-based training 

less effective than do Millennials. In response to the second question, Boomers also find the 

effectiveness of mentoring and peer assist about the same as do younger controllers. 

I.4 Hypothesis 4 

Older air traffic controllers find laboratory simulation and online databases less effective 

than do younger controllers. 

The question associated with this hypothesis is as follows: 



 

 299 

Q3-3. If the following tools were implemented in your training, how much do you think 

they would have helped you? This question has several subsections and is discussed further 

below. 

See Appendix G for the associated frequency and reliability tables. 

Q3-3A. Electronic documents effectiveness 

Descriptive statistics for electronic documents effectiveness are depicted in Table I-52. 

Table I-52 Descriptive statistics for electronic documents effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 192 4.0629 1.02477 .07396 3.9171 4.2088 1.00 5.00 

Gen Xers 156 3.7062 1.07848 .08635 3.5356 3.8768 1.00 5.00 

Boomers 89 3.4560 1.04447 .11071 3.2360 3.6760 1.00 5.00 

Total 437 3.8120 1.07300 .05133 3.7111 3.9129 1.00 5.00 

Overall, there were significant differences in the perceptions of electronic documents 

effectiveness by generation as shown in Table I-53 F(2, 434)=25.116, p<.000. Post hoc analysis 

with Tukey’s HSD showed that Millennials rated electronic documents as more effective 

(M=4.0629) than did either Gen Xers (M=3.7062) or Boomers (M=3.4560). The mean scores for 

Gen Xers and Boomers were not significantly different (Table I-54). 

One-way ANOVA is depicted in Table I-53. 

Table I-53 Electronic documents effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 25.116 2 12.558 11.429 .000 

Within groups 476.865 434 1.099   

Total 501.981 436    
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Post Hoc Tests 

For electronic documents effectiveness, Tukey’s HSD is depicted in Table I-54. 

Table I-54 Electronic documents effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .35674* .11299 .005 

3 Boomers .60694* .13442 .000 

2 Gen Xers 
1 Millennials -.35674* .11299 .005 

3 Boomers .25020 .13924 .172 

3 Boomers 
1 Millennials -.60694* .13442 .000 

2 Gen Xers -.25020 .13924 .172 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-17. 

 

Figure I-17 Electronic documents effectiveness means plot 

Q3-3B. Frequently asked questions (FAQ) database effectiveness 
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Descriptive statistics for FAQ database effectiveness are depicted in Table I-55. 

Table I-55 Descriptive statistics for FAQ database effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 190 3.9548 1.05254 .07636 3.8042 4.1055 1.00 5.00 

Gen Xers 155 3.7360 1.10900 .08908 3.5601 3.9120 1.00 5.00 

Boomers 89 3.3736 1.14324 .12118 3.1328 3.6144 1.00 5.00 

Total 434 3.7575 1.11092 .05333 3.6527 3.8623 1.00 5.00 

Overall, there were significant differences in the perceptions of FAQ database 

effectiveness by generation as shown in Table I-56 F(2, 431)=20.587, p<.000. Post hoc analysis 

with Tukey’s HSD showed that Millennials rated FAQ databases as effective (M=3.9548) as did 

Gen Xers (M=3.7360) and more effective than did Boomers (M=3.3736). The mean scores for 

Gen Xers and Boomers were significantly different (Table I-57). 

One-way ANOVA is depicted in Table I-56. 

Table I-56 FAQ database effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 20.587 2 10.293 8.635 .000 

Within groups 513.799 431 1.192   

Total 534.385 433    

Post Hoc Tests 

For FAQ database effectiveness, Tukey’s HSD is depicted in Table I-57. 
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Table I-57 FAQ database effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .21880 .11817 .154 

3 Boomers .58123* .14025 .000 

2 Gen Xers 
1 Millennials -.21880 .11817 .154 

3 Boomers .36243* .14521 .034 

3 Boomers 
1 Millennials -.58123* .14025 .000 

2 Gen Xers -.36243* .14521 .034 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-18. 

 

Figure I-18 FAQ database effectiveness means plot 

Q3-3C. Laboratory effectiveness 

Descriptive statistics for laboratory effectiveness are depicted in Table I-58. 
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Table I-58 Descriptive statistics for laboratory effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 192 4.3937 .74785 .05397 4.2872 4.5001 1.00 5.00 

Gen Xers 156 3.8894 1.01869 .08156 3.7283 4.0505 1.00 5.00 

Boomers 91 3.8059 1.03802 .10881 3.5897 4.0220 1.00 5.00 

Total 439 4.0926 .95081 .04538 4.0034 4.1818 1.00 5.00 

Overall, there were significant differences in the perceptions of laboratory effectiveness 

by generation as shown in Table I-59 F(2, 436)=31.324, p<.000. Post hoc analysis with Tukey’s 

HSD showed that Millennials rated laboratories as more effective (M=4.3937) than did either 

Gen Xers (M=3.8894) or Boomers (M=3.8059). The mean scores for Gen Xers and Boomers 

were not significantly different (Table I-60). 

One-way ANOVA is depicted in Table I-59. 

Table I-59 Laboratory effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 31.324 2 15.662 18.727 .000 

Within groups 364.644 436 .836   

Total 395.969 438    

Post Hoc Tests 

For laboratory effectiveness, Tukey’s HSD is depicted in Table I-60. 
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Table I-60 Laboratory effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .50424* .09858 .000 

3 Boomers .58780* .11639 .000 

2 Gen Xers 
1 Millennials -.50424* .09858 .000 

3 Boomers .08356 .12063 .768 

3 Boomers 
1 Millennials -.58780* .11639 .000 

2 Gen Xers -.08356 .12063 .768 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-19. 

 

Figure I-19 Laboratory effectiveness means plot 

Q3-3D. Message boards effectiveness 

Descriptive statistics for message boards effectiveness are depicted in Table I-61. 
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Table I-61 Descriptive statistics for message boards effectiveness 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 184 3.2726 1.23398 .09097 3.0932 3.4521 1.00 5.00 

Gen Xers 140 2.9500 1.30239 .11007 2.7324 3.1676 1.00 5.00 

Boomers 85 2.4873 1.09649 .11893 2.2507 2.7238 1.00 5.00 

Total 409 2.9990 1.26394 .06250 2.8761 3.1218 1.00 5.00 

Overall, there were significant differences in the perceptions of message boards 

effectiveness by generation as shown in Table I-62 F(2, 406)=36.374, p<.000. Post hoc analysis 

with Tukey’s HSD showed that Millennials rated message boards as effective (M=3.2726) as did 

Gen Xers (M=2.9500) and more effective than did Boomers (M=2.4873). The mean scores for 

Gen Xers and Boomers were significantly different (Table I-63). 

One-way ANOVA is depicted in Table I-62. 

Table I-62 Message boards effectiveness 

 Sum of squares df Mean square F Sig. 

Between groups 36.374 2 18.187 11.998 .000 

Within groups 615.424 406 1.516   

Total 651.798 408    

Post Hoc Tests 

For message boards effectiveness, Tukey’s HSD is depicted in Table I-63. 
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Table I-63 Message boards effectiveness multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .32264 .13808 .052 

3 Boomers .78539* .16147 .000 

2 Gen Xers 
1 Millennials -.32264 .13808 .052 

3 Boomers .46275* .16929 .018 

3 Boomers 
1 Millennials -.78539* .16147 .000 

2 Gen Xers -.46275* .16929 .018 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-20. 

 

Figure I-20 Message boards effectiveness means plot 

The data confirm this hypothesis. Two questions were associated with this hypothesis. 

First, participants were asked about the effectiveness of five existing training methods: (1) 

classroom lecture, (2) mentoring, (3) simulation, (4) study guide, and (5) Web-based training. 

Second, participants were asked to judge the effectiveness two possible future training methods: 
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(1) mentoring program and (2) peer assist. In response to the first question, Boomers find the 

effectiveness of classroom lecture, mentoring, simulation, study guides, and Web-based training 

less effective than do Millennials. In response to the second question, Boomers also find the 

effectiveness of mentoring and peer assist about the same as do younger controllers. 

I.5 Hypothesis 5 

To transfer mission-critical knowledge in the FAA, older air traffic controllers use KM 

principles less than do younger controllers. 

The question associated with this hypothesis is as follows: 

Q1-19. During the past month, how often did you do what you indicated in Q1-18?73 This 

question has several subsections and is discussed further below. 

See Appendix G for the associated frequency and reliability tables. 

Q1-19A. During the past month how often did you locate experts in the agency? 

Descriptive statistics for how often did you locate experts in the agency are depicted in 

Table I-64. 

Table I-64 Descriptive statistics for “how often did you locate experts in the agency?” 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 160 3.26 1.200 .095 3.08 3.45 1 5 

Gen Xers 122 2.79 1.294 .117 2.56 3.02 1 5 

Boomers 77 2.65 1.036 .118 2.41 2.88 1 5 

Total 359 2.97 1.227 .065 2.84 3.10 1 5 

                                   
73 Q1-18, during the past month, which of the following did you do? 
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Overall, there were significant differences in the perceptions of how often the age groups 

located experts in the agency by generation as shown in Table I-65 F(2, 356)=25.696, p<.000. 

Post hoc analysis with Tukey’s HSD showed that Millennials located experts in the agency more 

often (M=3.26) than did either Gen Xers (M=2.79) or Boomers (M=2.65). The mean scores for 

Gen Xers and Boomers were not significantly different (Table I-66). 

One-way ANOVA is depicted in Table I-65. 

Table I-65 “How often did you locate experts in the agency?” 

 Sum of squares df Mean square F Sig. 

Between groups 25.696 2 12.848 8.917 .000 

Within groups 512.966 356 1.441   

Total 538.663 358    

Post Hoc Tests 

For how often did you locate experts in agency, Tukey’s HSD is depicted in Table I-66. 

Table I-66 “How often did you locate experts in the agency?” multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .476* .144 .003 

3 Boomers .613* .166 .001 

2 Gen Xers 
1 Millennials -.476* .144 .003 

3 Boomers .138 .175 .711 

3 Boomers 
1 Millennials -.613* .166 .001 

2 Gen Xers -.138 .175 .711 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-21. 
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Figure I-21 “How often did you locate experts in the agency?” means plot 

Q1-19B. During the past month how often did you find specific information? 

Descriptive statistics for how often did you find specific information are depicted in Table 

I-67. 

Table I-67 Descriptive statistics for “how often did you find specific information?” 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 173 3.53 1.103 .084 3.36 3.69 1 5 

Gen Xers 145 3.38 1.196 .099 3.18 3.58 1 5 

Boomers 86 3.24 1.084 .117 3.01 3.48 1 5 

Total 404 3.41 1.136 .057 3.30 3.52 1 5 
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Overall, there were no significant differences in the perceptions of how often the age 

groups found specific information in the agency by generation as shown in Table I-68 F(2, 

401)=4.825, p<.154. 

One-way ANOVA is depicted in Table I-68. 

Table I-68 “How often did you find specific information?” 

 Sum of squares df Mean square F Sig. 

Between groups 4.825 2 2.412 1.878 .154 

Within groups 515.143 401 1.285   

Total 519.968 403    

Post Hoc Tests 

For how often did you find specific information, Tukey’s HSD is depicted in Table I-69. 

Table I-69 “How often did you find specific information?” multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .147 .128 .484 

3 Boomers .282 .150 .144 

2 Gen Xers 
1 Millennials -.147 .128 .484 

3 Boomers .135 .154 .656 

3 Boomers 
1 Millennials -.282 .150 .144 

2 Gen Xers -.135 .154 .656 

The means plot is shown in Figure I-22. 
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Figure I-22 “How often did you find specific information?” means plot 

Q1-19C. During the past month how often did you identify lessons learned? 

Descriptive statistics for how often did you identify lessons learned are depicted in Table 

I-70. 

Table I-70 Descriptive statistics for “how often did you identify lessons learned?” 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 172 3.55 1.156 .088 3.37 3.72 1 5 

Gen Xers 132 3.36 1.086 .095 3.18 3.55 1 5 

Boomers 80 2.83 1.123 .126 2.58 3.07 1 5 

Total 384 3.33 1.155 .059 3.22 3.45 1 5 

Overall, there were significant differences in the perceptions of how often the age groups 

identified lessons learned in the agency by generation as shown in Table I-71 F(2, 381)=28.610, 



 
 

 312 

p<.000. Post hoc analysis with Tukey’s HSD showed that Millennials identified lessons learned 

in the agency as often (M=3.55) as did Gen Xers (M=3.36) and more often than did Boomers 

(M=2.83). The mean scores for Gen Xers and Boomers were significantly different (Table I-72). 

One-way ANOVA is depicted in Table I-71. 

Table I-71 “How often did you identify lessons learned?” 

 Sum of squares df Mean square F Sig. 

Between groups 28.610 2 14.305 11.291 .000 

Within groups 482.723 381 1.267   

Total 511.333 383    

Post Hoc Tests 

For how often did you identify lessons learned, Tukey’s HSD is depicted in Table I-72. 

Table I-72 “How often did you identify lessons learned?” multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .183 .130 .340 

3 Boomers .722* .152 .000 

2 Gen Xers 
1 Millennials -.183 .130 .340 

3 Boomers .539* .159 .002 

3 Boomers 
1 Millennials -.722* .152 .000 

2 Gen Xers -.539* .159 .002 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-23. 
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Figure I-23 “How often did you identify lessons learned?” means plot 

Q1-19D. During the past month how often did you identify initiatives taking place? 

Descriptive statistics for how often did you identify initiatives taking place are depicted in 

Table I-73. 

Table I-73 Descriptive statistics for “how often did you identify initiatives taking place?” 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 81 2.90 1.329 .148 2.61 3.20 1 5 

Gen Xers 98 2.65 1.244 .126 2.40 2.90 1 5 

Boomers 63 2.33 1.136 .143 2.05 2.62 1 5 

Total 242 2.65 1.260 .081 2.49 2.81 1 5 

Overall, there were significant differences in the perceptions of how often the age groups 

identified initiatives taking place in the agency by generation as shown in Table I-74 F(2, 
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239)=11.429, p<.027. Post hoc analysis with Tukey’s HSD showed that Millennials identified 

initiatives taking place in the agency as often (M=2.90) as did Gen Xers (M=2.65) and more 

often than did Boomers (M=2.33). The mean scores for Gen Xers and Boomers were not 

significantly different (Table I-75). 

One-way ANOVA is depicted in Table I-74. 

Table I-74 “How often did you identify initiatives taking place?” 

 Sum of squares df Mean square F Sig. 

Between groups 11.429 2 5.715 3.677 .027 

Within groups 371.414 239 1.554   

Total 382.843 241    

Post Hoc Tests 

For how often did you identify initiatives taking place, Tukey’s HSD is depicted in Table 

I-75. 

Table I-75 “How often did you identify initiatives taking place?” multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .248 .187 .382 

3 Boomers .568* .209 .020 

2 Gen Xers 
1 Millennials -.248 .187 .382 

3 Boomers .320 .201 .253 

3 Boomers 
1 Millennials -.568* .209 .020 

2 Gen Xers -.320 .201 .253 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-24. 
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Figure I-24 “How often did you identify initiatives taking place?” means plot 

Q1-19E. During the past month how often did you share work information with other? 

Descriptive statistics for how often did you share work information with others are 

depicted in Table I-76. 

Table I-76 Descriptive statistics for “how often did you share work information with 

others?” 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 181 3.81 1.074 .080 3.65 3.97 1 5 

Gen Xers 149 3.86 1.020 .084 3.69 4.02 1 5 

Boomers 89 3.69 1.114 .118 3.45 3.92 1 5 

Total 419 3.80 1.063 .052 3.70 3.90 1 5 
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Overall, there were no significant differences in the perceptions of how often the age 

groups shared work information with others in the agency by generation as shown in Table I-77 

F(2, 416)=1.714, p<.470. 

One-way ANOVA is depicted in Table I-77. 

Table I-77 How often did you share work information with others 

 Sum of squares df Mean square F Sig. 

Between groups 1.714 2 .857 .757 .470 

Within groups 470.845 416 1.132   

Total 472.558 418    

Post Hoc Tests 

For how often did you share work information with others, Tukey’s HSD is depicted in 

Table I-78. 

Table I-78 “How often did you share work information with others?” multiple comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers -.047 .118 .916 

3 Boomers .127 .138 .628 

2 Gen Xers 
1 Millennials .047 .118 .916 

3 Boomers .174 .143 .443 

3 Boomers 
1 Millennials -.127 .138 .628 

2 Gen Xers -.174 .143 .443 

The means plot is shown in Figure I-25. 
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Figure I-25 “How often did you share work information with others?” means plot 

Q1-19F. During the past month how often did you build and maintain a body of 

knowledge 

Descriptive statistics for how often did you build and maintain a body of knowledge are 

depicted in Table I-79. 

Table I-79 Descriptive statistics for “how often did you build and maintain a body of 

knowledge?” 

 N Mean Std. 
deviation 

Std. 
error 

95% 
confidence 
interval for 

mean 

95% 
confidence 
interval for 

mean 

Minimum Maximum 

     Lower bound Upper 
bound 

  

Millennials 175 4.00 1.099 .083 3.84 4.16 1 5 

Gen Xers 130 3.70 1.224 .107 3.49 3.91 1 5 

Boomers 78 3.17 1.242 .141 2.89 3.45 1 5 

Total 383 3.73 1.211 .062 3.61 3.85 1 5 
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Overall, there were significant differences in the perceptions of how often the age groups 

built and maintained a body of knowledge in the agency by generation as shown in Table I-80 

F(2, 380)=37.626, p<.000. Post hoc analysis with Tukey’s HSD showed that Millennials built 

and maintained a body of knowledge in the agency as often (M=4.00) as did Gen Xers (M=3.70) 

and more often than did Boomers (M=3.17). The mean scores for Gen Xers and Boomers were 

significantly different (Table I-81). 

One-way ANOVA is depicted in Table I-80. 

Table I-80 “How often did you build and maintain a body of knowledge” 

 Sum of squares df Mean square F Sig. 

Between groups 37.626 2 18.813 13.692 .000 

Within groups 522.133 380 1.374   

Total 559.760 382    

Post Hoc Tests 

For how often did you build and maintain a body of knowledge, Tukey’s HSD is depicted 

in Table I-81. 

Table I-81 “How often did you build and maintain a body of knowledge?” multiple 

comparison 

(I) Generation (J) Generation-generation Mean difference (I-J) Std. error Sig. 

1 Millennials 
2 Gen Xers .300 .136 .071 

3 Boomers .833* .160 .000 

2 Gen Xers 
1 Millennials -.300 .136 .071 

3 Boomers .533* .168 .005 

3 Boomers 
1 Millennials -.833* .160 .000 

2 Gen Xers -.533* .168 .005 

(*) The mean difference is significant at the α=0.05 level. 

The means plot is shown in Figure I-26. 
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Figure I-26 “How often did you build and maintain a body of knowledge?” means plot 

The data confirm this hypothesis. The questions associated with this hypothesis dealt 

with six different areas that asked the frequency of (1) locating experts, (2) finding information, 

(3) identifying lessons learned, (4) identifying initiatives, (5) sharing work information, and (6) 

building and maintaining a body of knowledge. Boomers locate experts, identify lessons learned, 

identify initiatives taking place, and build and maintain a body of knowledge less often than do 

the other age groups. All three groups find specific information and share work information 

roughly as often. 

The data show that older controllers use KM principles less than do younger controllers 

in four areas (1, 3, 4, and 6) and about the same in two areas (2 and 5). 

I.6 Hypothesis 6 

Older air traffic controllers catalog and store information about tasks more than do 

younger controllers. 

The question associated with this hypothesis is as follows: 
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Q2-3. How did you capture the information? 

See Appendix G for the associated frequency and reliability tables. 

Generational comparison for how did you capture the information is depicted in Table I-

82. 

Table I-82 “How did you capture the information?” 

  
 1 

Millennials 

2 Gen 

Xers 

3 Boomers Total 

How did you 

capture the 

information? 

1 Wrote it down in a 

notebook 

Count 133 86 52 271 

% within generation-

generation 
68.2 53.8 56.5 60.6 

2 Typed it up 

Count 58 61 25 144 

% within generation-

generation 
29.7 38.1 27.2 32.2 

3 Posted it in an 

online document 

Count 4 12 15 31 

% within generation-

generation 
2.1 7.5 16.3 6.9 

4 Posted it to a 

social media site 

Count 0 1 0 1 

% within generation-

generation 
0.0 0.6 0.0 0.2 

Total 

 Count 195 160 92 447 

% within generation-

generation 
100.0 100.0 100.0 100.0 

Chi-square test for how did you capture the information is depicted in Table I-83. 
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Table I-83 Chi-square test 

 Value df Asymptotic Sig. (2-sided) 

Pearson chi-square 26.400* 6 .000 

Likelihood ratio 25.952 6 .000 

Linear-by-linear association 13.048 1 .000 

N of valid cases 447   

(*) Three cells (25.0 percent) have an expected count of less than 5. The minimum 

expected count is .21. 

The data are equivocal about this hypothesis. 

I.7 Hypothesis 7 

Older controllers less readily disseminate information about tasks than do younger 

controllers. 

The question associated with this hypothesis is as follows: 

Q2-4. How did you prepare the report? 

See Appendix G for the associated frequency and reliability tables. 

Generational comparison for how did you prepare the report is depicted in Table I-84. 
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Table I-84 “How did you prepare the report?” 

  
 1 

Millennials 

2 Gen 

Xers 

3 Boomers Total 

How did you 

prepare the 

report? 

1 Wrote it down 

Count 37 35 17 89 

% within generation-

generation 
18.8 22.0 18.3 19.8 

2 Typed it up 

Count 104 64 29 197 

% within generation-

generation 
52.8 40.3 31.2 43.9 

3 Collaborated with 

colleagues in the 

cloud 

Count 7 4 3 14 

% within generation-

generation 
3.6 2.5 3.2 3.1 

4 Used a word 

processor or a 

presentation 

program 

Count 49 56 44 149 

% within generation-

generation 24.9 35.2 47.3 33.2 

Total 

 Count 197 159 93 449 

% within generation-

generation 
100.0 100.0 100.0 100.0 

Chi-Square test for how did you prepare the report is depicted in Table I-85. 

Table I-85 Chi-square test 

 Value df Asymptotic Sig. (2-sided) 

Pearson chi-square 18.265* 6 .006 

Likelihood ratio 18.176 6 .006 

Linear-by-linear association 9.520 1 .002 

N of valid cases 449   
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(*) Two cells (16.7 percent) have an expected count of less than 5. The minimum 

expected count is 2.90. 

The data are equivocal about this hypothesis. 

 




