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Abstract of Dissertation

The Role of System Thinking Development and Experiential Learning on
Enterprise Transformation

The recent economic downturn has had globpércussions in all businesses
alike. Gompetition is fierce and a survival of thigest model is always presengst
delivery times and innovative designs ul ti ma
line. In such market conditionenterprises hee to findways to develop and train their
workforcein a manner that enhances the innovative capabilities of the enterprise.
Additionally, if companies are to stay competitive, they have to ensure critical skills in
their workforce are transferred fromrgation to generation. This study builds on recent
research on systethinking development via experiential learnimgthodologiesFirst,
a conceptual framework model was developed. This conceptual model captures a
methodology to construct a systéhinking apprenticeship program suitable for system
engineers. Secondly, a survey of system engineering professionals was conducted in
order to assesand refinethe proposed conceptual modehis dissertation captures the
findings of theconceptuamodel andhe implicatiors of the studyfor enterprises and for

system engineering organizations

Vi



Table of Contents

D =To [ o3 11 o] o T v
ACKNOWIEAGEMENL... ..o eeee e e e e e e e e e e e e e e e e s smmmeeeeeeees V)
ADSIract Of DISSEIMALION. ...ttt ieeei e e e e e e e e e e e e e e e e e e s s e s anee Vi
Table of CONENTS........ooiiiiiiiee e eee e eeeeee s e s snsseeeeees M
IS A0 T U Xi
IS A0 1= 1 0] =SSR SP Xiv
List of ACrONYMS/SYMDOIS.........uuiiiiiiiiiiiiiii e XV
GlOSSANY Of TEIMNS ....ceiiiiiiiii e e e XVii
Chapter 1T INtrodUCLION ........cooiiiiiiiiieemme e e e e e e e e e e 1
1.17 Statement of the Problem..........ccccoooiiiii e 2
1.27 StUAY Of PUIPOSE. ... oottt e e e e e e anan 4
I B I I 91 = 11 0] 5
1.47 Significance of the StUdY.........ccooeiiiiiiiiii e 5
1.57 Organization of the dOCUMENT..............ovuuiiiiiieeecr e 6
Chapter 27 Literatureé REVIEW ..........uciiiieii e eeeeeesieeeis e e e e eeeeeeeeenmee e e e e e eeeeeennannns 8
2.17 Enterprise Transirmation...........ooiiiiiiuiiiiiiieeess s eeeeeseeeeeeeeeeeees 9
2.21 Experiential Learning.........oouueiiiiiiiiiiiiemme e e e 11
2.31 SYSterthiNKINg..........uueiiiii e 13
2.3.11 Systerthinking and eNgiNEEeriNG............uuuuurrrierriimmmiuirireeeeeeeeeeeeeeeeeeeeas 13
Chapter 37 Research Methodology...........oooiiiiiiiiiiiieeeri e 15
3.17 Conceptual framework model for proposed apprenticeship program....... 16
3.21 Model Validation: SUrvey DeSIgn..........ccuuuiiiiiiiiiiemmeeiiie e e e e eeenmaeens 17
3.2. 1T SUIVEY INSITUMEBNL.... et e e e e e 18
3.2.21 Survey SCoring SCale..........ooooiiiiiieeee e 19

vii



3.2.31 Survey Instrument ElementS............ooooiiiiiiiiieneem 20

3.37 Mapping of survey questions to dissertation research..............cccceevreemennns 25
3.47 Data analysis Mmethodology..........cceeeeeiiiiiiiiieees e 26
3.4.17 Descriptive BatiStICS.......cooiiiiiiii e 26
3.4.21 Nonparametric analysis:-Bample Sign TesSt..........cccvveiiiiiiivieecevvvnnnnnns 27
3.4.317 MURINOMIAI tEST.....oiiiiiiiieiee e e 28
3.4.471 Multivariate Analyss: Item ANalySIS.........cooovviiiiiiiiiiiieeeeeeev 28
3.57 Research methodology limitations...............covvviviiieeee e 29
3.5.11T Mitigating MEASUIES........ccceeeeeeeieieiiiimmme e e e e eeeeeeae e emrsnana e ns 29
3.5.21 Model for Consensus Strength............ooooiiiiiii e 30
3.5.31 Consensus Strength examples..........cooovviiiiiiiee e 31
Chapter 47 Research RESUILS.............vvuiiiiiiiii i rrenre e 32
4.17 Survey Results: Dergmaphics (Part A)........coooeiiiiiieeeiiiieeme e 32
4.27 Survey Results: Candidate selection process (Part.B)...........ccccvvvvvieennnnnes 35
4.2.17 Candidate selection process statistical analysis................cccueveeeeinnnns 35
4.37 Survey Results: Mentor selection process (Part.C)...........ccoovvvvvvieeeeeeeennn. 38
4.3.17 Mentor selection process statistical analysiS..........ccccccvviiiacceeeeeenn. 38
4.47 Survey Results: Program characteristics (Part.D)........ccccccccevvvviieecnnnn 41
4.4.11 Program Characteristics statistical analysis.................ccoovvvieeeee e, 42
4.57 Survey Results: Innovation and Knowledge Transfer (Part.E).................. 45
4.5.17 Innovation and knowledge transfer statistical analysis.......................: 45
4.67 Survey Results: Item Analysis............ccovvvvvviiieeee e 49
4.771 Detailed results and methodology SPecifiCS...........uuiiiiiiiiiccciiiiceeee e 50
Chapter 57 Discussion and CONCIUSIONS..........cuviiiiiiiiiiiiiieeeeeee e 52
5.171 Survey results and apprenticeship program refinement............ccccvevveeenee 52
5.1.17 Section A conclusions for proposed apprenticeship progtam............. 53
5.1.21 Section B conclusions for proposed apprentigephogram..................... 53
5.1.37 Section C conclusions for proposed apprenticeship program............. 53
5.1.47 Section D conclusions for proposed apprenticeship program............. 54
5.1.51 Section E conclusions for proposed apprenticeship progtam............. 54
5.27 Summary of disertation research questions and answers........................ 55
5.37 Research limitationS........ccooeiiiiiiiiieeeeee s 61
5.3.11 Limited data on mentoring programs in systems engineering............. 61

viii



5.3.21 Human resources role on the proposed apprenticeship program...... 62

B5.4T CONCIUSION ..ottt ettt e e e e e e s eeet e et e e e e e e e e e e e e e e e e s s s srmmmeeaeees 66
RETEIENCES. ... re e 67
APPENDIX A i Detailed Conceptual Framework Model Development................ 81

A.11 Systerrthinking developmenL.............ooviiiiiiiiiie e 81

A.2T Candidates JeCtiON PrOCESS.........uuuuiiiiiiiiiiiiiieeeiiiieiiieieeeee e e e e e smmee e 82

A.3T MentoEMeNtee DYadS...........ooeiiiiiiiiiiiiceeeeeeeetieii e 86

A 4T Mentor SeleCtioN PrOCESS......uuuiiiiiiiiiiiiiii ettt rmmme e 88

A.4.17 Conventional Mentoring FUNCLIONS...........cooovviiiiiiiieee e 88
A.4.2T Ment@ CharaCteriStiCS........oovvviviiiiiiiiiiiimeeeeeeeeer e e e e erenrnn e 90
A.571 Critical Program CharacteriStiCS........cccuvviiiiieeiiiiiieeeii e eeee 96
A.5.17 Protégés: Advancement and Promotion.................uvvvvicmmeereeeeennnnnnnnn ) 96
A.527 Mentors: Succession and Not replacement.........cccccvvvveeiieeceeeieieeeeenn. 97
A.61 System Thinking Development for Enterprise Transformatian................. Q9
A.6.17 Innovation for enterprise competiveness enhancement..................... 99
A.6.21 Knowledge sharing for enterprise sustainability....................oooeceee. 100
APPENDIX B i Survey instrument sent to partiCipants.............c..eeevveeeeeeeieecennne. 102

B.1 Survey Title and instructions for partiCipanis.............ccccuvvvrimemnniiveviinnnne. 102

B.2 Part A: Demographics qUESLIONS...........ccooviiiiiiiieeer e 103

B.3 Part B: Mentee SeleCtion PrOCESS........uuuuiiiiiiieieeceeeriiieiee e e aeeesa e 104

B.4 Part C: Mentor SEleCtioN PrOCESS.......ccoeviiiiiiiiicceee e e e 105

B.5 Part D: Frequency and characteristics that promote participation............. 106

B.6 Part E: Systerthinking benefits for enterprise transformation.................... 107
APPENDIX C i Detailed Results of Statistical Analyses...........ccccvvveeeeeeiieecennnee. 108

C.1. DeSCrIptive STALISHICS.......cceeeeeeieeiii i eiiccee e 108

C.1.1. Survey Section B: Candidate selection process............ccccvvvveeemnnnnns 108
C.1.2. Survey Section C: Mentors/Assessors selection process.................. 111
C.1.3. Survey Section D: Program characteristics that promoteggaation.....113
C.1.4. Survey Section E: Systd#nmking and enterprise transformation......... 117
C.2. Sample Signed test detalls..............oouviiiiiieeeii e, 120
C.2.1. Part B: Sample Signed Test set up and results...........cccceevveeeevvrnnnnns 120



C.2.2. Part C: Sample Signed Test set up and results..............ccoovvieemeennnnnn. 122

C.2.3. Part D: Sample Signed Test set up and results............cccccvvvieeeeeeeene. 123
C.2.4. Part E: Sample Signed Test set up and results............cccooeveeeevvvnnnnns 124
C.3. MURINOMIAL TESL...iiiiiiieiiiiiiiee et e e ereer s e e e e e e e e e e e eeeeenees 125
C.3.1. Part B: Multinomial TESESUIS.........ccooiriiiiieeeeeee e 126
C.3.2. Part C: Multinomial Test reSultS............coovvvriiiiiieri e 127
C.3.3. Part D: Multinomial Test reSUlLS.........cccooveeiiiiiiiiieeei i 128
C.3.4.Part E: Multinomial Test resultS...........cooviviiiiiiiiiee e 129
C.4. Survey Reliability (Item ANAlYSIS).......cocvvuiiiiiiiiiimreeeeere e e e 130
C.4.1. Item ANAIYSIS ST LP. ..ttt ieeeeiie e e eeee e e e e e 130
C.4.2. 1tem ANAlySIBESUILS.......ccooiiiiiieieeeee e 131
APPENDIX D i Details of Consensus Measure Model.............ccceeeeeviiiieeennen. 137
D.1. Consensus as a measure of dispersion of ordinal.data....................cc...... 137
D.2. CONSENSUS MOAEL.....cciiiiiiiieiiiiiiiteeme e e e e e e e e e e e s 138

D.2.17 Consensus measure of selection process of mentees/apprentices.141
D.2.21 Consensus measure of selection process of mentors/assessars....144
D.2.37 Consensus measure of program characteristiCs...........cccuuuvrreeennnes 145
D.2.47 Consensus measure for benefits of sydtenking..............ccccccoeeiiiineee 147



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10

Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:

Figure 18:

Figure 19
Figure 20
Figure 21

Figure 22

List of Figures

Innovation and knowledge transfer.............ooooviiiiii e e 4
Research framework methodology.........ccovviiiiiiiiiiec e 17
Survey instrument for model validation process.............ccooccciceeneeeeeens 19
Survey: Part ADemographicCs. ..o e 20
Survey: Part BMentee/Apprentice selection process..............vvvveunnnee. 21
Survey: Part CMentor/Assessor selection process...........cccvvvvvvveeieennns 22
Survey: Part D Program Characteristics: Frequency of interaction....... 22

Survey: Part D Characteristics that promote mentee participatian........ 23
Survey: Part D Characteristics that promote mentor participatian......... 23
: Survey: Part DCorporate environment that promotes participation.....24
Survey: Part EProgram benefits for enterprise transformatian............ 24
Survey: Part ESystemthinking, innovation, and knowledge transfer....25
Survey research methodology mapped to dissertation research......... 26
Survey Demographics: Experience level in systems engineering....... 33
Survey Demogaphics: Educational level...........ccccoovviiiiiiiceciicccieeeee. 33
Survey Demographics: Organization SIZE...........cccceeevveeeeeeeeeiciiiiineeeenns 34
Survey Demographics: Mentoring experience in systems engineering4
Survey results and apprenticeship program refinement...................... 52
Experiential learning development for enterprise transformation.......... 60
‘Equal Opportunity Employment and protected categories.................... 64
: Human resources processes for proposed program...........ccccoeeeeeeeneee. 64
: Human resources role on candidate selection pracess................ccceee. 65

Xi



Figure 23: Traits for development of system thinking for system engineers......... 85

Figure 24: Conventional mentoring functions progression from 1980 t0.2003.....89

Figure 25: Essential mentoring CharacteristiCs.............uevviviiiieeeiiiiiiiiiiiceeeeeeeee 90
Figure 26 Survey Ranked cognitive COMPEeteNnCes............ccccvevivimmmneiisciiieienee 109
Figure 27:Survey Ranked engineering COMpetenCes.............uuvveeeereeemiurvrrnnennenn. 110
Figure 28: Survey Ranked bRavioral COMpPetencCes...........ccccovvvviiiiiicccee e 111
Figure 29: Survey Ranked mentor characteristiCs...............cccccvvvieemneciciciiiinnee. 112
Figure 30: Survey Frequency of interaction of Mentee/Mentor Dyad................. 113

Figure 31: Survey Ranked characteristics that promote mentee participation....115
Figure 32 : Survey Ranked characteristics that promote mentor participation....116
Figure 33 : Survey Ranked corporate characteristics and participatian.............. 117
Figure 34: Survey Programbenefits for enterprise transformation....................... 118

Figure 35: Survey System thinking development and enterprise transformationl19

Figure 36: 1sample signed test set up for Part B (Q1B27B)........ccccoevvveiiiiiiinnnes 120
Figure 37: 1sample signed results for Part B (QLB27B)..........ccoovvviiiiiiiiiiiieennnnn. 121
Figure 38 1-sample signed test set up for Part C (QI@8C).........cccoevvvviviriinennns 122
Figure 39: isample signed results for Part C (QLQS8C)..........oovvviiiiiiiiiiiiinennenne 122
Figure 40: 1sample signed test set up for Part D (Q2Q19D).........cccoevvviiiiiiiiinnnes 123
Figure 41: 1sample signed results for Part D (QR@19D)...........ccccciiiiiiiiviiennns 123
Figure 42: 1sampe signed test set up for Part E (QLB2E)........ccccccoeeiiiiniiiiiinen. 124
Figure 43: 1sample signed results for Part E (Q1R2E)........ccccccceiiiiiiiiiiiicceeeeenn. 124
Figure 44: Description of Matl&BINOFIT fUnCtion............c.ccoveveeeeerereeeeieeeennnes 125
Figure 45: Multinomial test results for Part B (QLEB)27B)...........cccccivviviiiiiinnnnns 126

Xii



Figure 46: Multinomial test resslfor Part C (Q1C Q8C)......uuviiiiiiiiieiiiiiiieieeeennn. 127
Figure 47: Multinomial test results for Part D (QLER19D)..........coevvvvvvivvvrnnnnimanenn. 128
Figure 48: Multinomial test results for Part E (QILBR10E).............cuvvvviiiiiiiiinenns 129
Figure 49: Iltem Analysis test set up for all qQUESHIONS..........coovviiiiiiiieci, 130
Figure 50: ConsenstisCognitive COMPLENCES..........uuuiuiriiiiiiiieiieemieeeeeeeeeeeeeeee e 142
Figure 51: ConsenstsENgiNeering COMPELENCES.........uuuurrrrrriiieeieeeerneeereeeeeeeeeens 143
Figure 52: ConsenstisBehavioral COMPEeteNCES..........cccvvveiiiiiiiiccceeeeeeeeeeeeee 143
Figure 53: ConsenstisMentor COMPELENCES.........oooveeiiiiiiiiiimnne e 144
Figure 54:Consensus Characteristics that promote mentee participation........... 146
Figure 55: ConsenstisCharacteristics that promote mentor pgpation.................. 146
Figure 56: ConsenstisCorporate environment and participation......................... 147
Figure 57: ConsenstisSystem thinking benefits for the enterprise..................... 148

Xiii



List of Tables

Table 1: Consensus strength eXamples.........ccccuuiiiiimemr e 31
Table 2: Description of Part B QUESHIONS..........coviiiiiiiiiiieeeieeeeeeeeeeee e 36
Table 3: Survey Statistical Analysis for PartB..........ccooooiiiiiiioeeee 37
Table 4: Description of Part C QUESHIONS...........uuuuuiiiiiiieciiiiiine e eeeeens 39
Table 5: &rvey Statistical Analysis for Part.............ooooiiiiiiii e 40
Table 6: Description of Part D QUESHIONS.........ccoiviiiiiiiiiieeeeeeeeeeeeeeee e 43
Table 7: Survey Statistical Analysis for PartD.............coeviiiiiiiceciiiiiiiiiiiiiieeeeee 44
Table 8: Description of Part E QUESHIONS..........uuuuuuiiiiii it e e e e e e e eeeenns 47
Table 9: @rvey Statistical Analysis for PartE.............ooooiiemn i 48
Table 10: Survey Reliabilityltem ANalysis...........ccooiiiiiiiiiiiiieeeeee e 49
Table 11: Summary of Final Survey ReSULLS.............oooiiiiiieee e 51

Xiv



ASEP
CSEP
CEST
Cl
Cns
CSEP
D

E(X)
EMSE
ESEP
INCOSE
IQR
JET
KM
KT
MLE

MVA

SA
SD

SEP

List of Acronyms/Symbols

Agree (n survey scoring scale)
AssociateSystem Engineering Professional
Certified System Engineering Profeesal
Capacity for Engineering System Thinking
Confidence Interval

Consensus Measure

Certified System Engineering Professional
Disagre€(in survey scoring scale)

Mean of X

Engineering Management and Systemgii®@ering
ExpertSystem Engineering Professional
International Council of Systems Engineering
Inter Quartile Range

Journal of Enterprise Transformation
Knowledge Management

Knowledge Transfer

Maximum Likelihood Estimates

Multivariate Analysis

Neither agree nor disagrée survey scoring scale)
Strongly agreeii survey scoring scale
Strongly disagreéin survey scoring scale)

System Engineering Professional

XV



P_A
P_Innovation
P_KT

P_Neither

P_SA

X

jol ¢

o

Probabidgiegdof OA

Probability of Innovation

Probability of Knowledge Transfer

Probability of Neither Innovation Nor Knowledge Transfer
Probabil itAkgedf O6Strongly
Finite discrete random variable with probability distition p(x)
Cronbachoés al pha value

Median

Hypothesized median value

Mean of X

XVi



Glossary of Terms

ApprenticeshigTraditional). The methodology of teaching in which a
experienced angroficient professionakaches aapprenticagihow to do a taskyatches
as the apprentice practices portions of the ¢eeskdl thera d d s  mesponsibilify until
the apprentice is proficient efColingh to accon
Brown, & Holum, 1991, p. 2)

Cognitive ApprenticeshipAs opposed to traditional apprenticeshipwhichthe
tasks to be | earnedi mra deaq@ritthewkintaeep varmbtl iec e
goal is to fAdeli ber at el tymadreitivisile Additienallyhi nki ng
a critical characteristic of this type of ap
be made visibleod to t hhel nsktiundge nitmu satn db et hnea daep p
t he t €alinbetal 01991, p.3)

Enterprise TransformatiarPurchase, Parry, Valerdi, Nightizg, and Mills
(2011)def ine enterprise transformation as a: #df
enterprise that is a response to radical changes in the economic, market, or social
environment; a fundamental alteration of context; asdtae p i n p @urdhase manc e 0
et al., 2011, p. 28)

Experiential LearningThe conventional definition of experiential learning can be
summari zed i n ingbydsen(Rasenstein,:Swekrney & Gupta, 2012, p.
139) Additionally, in the context of systethinking developmentexperiential learning
is defined as fAa practical means to devel op

t hi n KHamiljon & Klebba, 2011, p. 2)
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Innovation AccordingAmabile, innovation canbe descrtbes Nt he successf

i mpl ement ati on(1996,p.&)r eati ve i deaso

Knowledge managemerknowledge managementtise action that enables

Aprovtihdg nrgi ght piece of knowl ed dFmagetsttdmt h e

& Olsson, 2002, p. 274)

Knowledgeransfer Knowledge transfer can be descdlas a communication
process utilized to pass knowledge from a peratio has such knowledgé another
individual that needs that knowledfjeehto, Haapasalo, Distanont, & Vaananen, 2012)

System ThinkingDavidz elegantly defines systettmnkingin her doctoral
dissertation thesi fisystem thinking isitilizing modal elements to consider the
componential, relational, contextual,

(Davidz, 2006, p. 5)
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Chapter 17 Introduction

Since the beginning of the tweniyst century, a new pattern has emerged as the
factor to consider in all business and enterprises. That pattern encompasses two major
elements: affordability and performand8overnment acquisition practices are shifting
towards cost effective solutionsat perform well and can be delivered quickly. With
fewer contracts to go around awih limited fundingfor new businessentures
competition increases dramatically and business enterprises are forced to find innovative
sdutions to complex problems. Adionally, sinceeach enterprise is differenhere is no
comprehensive answer that can address all the underlying factors thatglinahe
adaptation process durihallenging market conditions. In these types of harsh
environments, the literate proposes the development of holistic approaches that
comprehensively analyze the enterpriseds cur
and actions that address the capabilities of the futtueh approaches suggest timat i
order for companiet® survive in challenging market conditions, they need to adapt and
incorporate changes in their operations and processes. The literature refers to this concept
as enterprise transformation. Kotnour, a proponent of enterprise transformation
highlightstha t he transf ormati on progression inclu
t ool s, a(kothoup 20tlp(d. 480his dissertation focuses on transformational
changes via wrkforce development. More specifically, this research focuses on
enhancing theystemthinking capabilities okystem engineering organizatianghe

context of enterprise transformatittmpromote innovation and knowledge transfer.



1.17 Statement of #gnProblem

In the context ofystem engineeringrganizationsandwith limited funds and
more demandingharketenvironmentsprganizationsre forced to undergo
transformational changes trattempt tancrease efficiency and productivityhich are
paranount forthe survival of the enterise, but this creates a paradélaw can
companies enhance the capability of ttsistem engineering professionalh limited
funds allocated foworkforce developmentin such scenarig@rganizationdave to find
efficient and coseffectiveways to develop and train their workforce in a manner that
enhances the innovativapabilities of the enterprise. In additjioman effortto keep a
competitive edge in the marketplaeeterpriseslsohave to ensurthat suclsystem
thinking skills are transferredithin the workforceThemajor research question of this
dissertations:

What type of costffectivedevelopmentgbrogram can successfully tragystem
engineering professionalyy promotingenterprise innovatioandwhile providingan
institutionalknowledge sharing mechanism that enssgyegenthinkingskills are
transferred from generation to generation?

Theaforementioned research questganerated a set of sgjuestionghat
ultimately translated into théevelopmenof the proposed systethinking
apprenticeship program in an experiential learning environment to foment innovation and
promote knowledge sharing in the enterpri$aese suimuestions are:

a) What individual competences should be corrgiden the selection process of

mentees/apprenticéisat are likely to succeed in the progr&mns



b) What individual characteristics should be considered in the selection process of
mentors/assessors?

c) How often does the mentoring interaction shoulduotar the experiential
program to be effective?

d) What prograntharacteristics or outcomes promote mentee participation?
e) What program characteristics or outcomes promote mentor participation?
f) What corporate environment promotes workforce paiton in ths type of
programs?

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

h) What system thinking traits promote enterprise innovation?

i) What system thinking traits promote knowledge transfer?

A conceptal frameworkmodel was developed in orderaaswer themain research
guestion and suhuestionsf this dissertationAfter the conceptual framework model
had been developethe proposed modekas validatedby surveying a group of
experienced system emgiering professional8ased on the survey results, the proposed
framework modeWasrevised to adequately depict the survey findings. Finally, the
survey results translated into the refinement of the proposed systdamg
apprenticeship program. Thesdertation is concluded by presenting major

components of the proposednceptual frameworinodelto develop dormal

apprenticeship program suitable for system engineering professionals



1.271 Studyof Purpose
This study stems from the similaritiestvo perspectives that propose an all

embracing approach to problem solving. The first perspective encompasses the processes
and methodologies to follow during enterprise transformation as a result of internal
and/or external factors. The second perspedairiginates from the realm of system
engineering concepttshitrkaitn go& oarpoptrecsa cah 6fsoyrs tfein
complex problemsThe mainpurpose of this study vg@o examine the role of system
thinking development via experiential leargiandanalyze how these programs affect
enterprise innovationapability and knowledge transfer for enterpsastainability.
Figure 1 capturegheintegrationof bothholistic perspectives tpromote innovatiomand

knowledge transfer via workforce experiential learning.

Enterprise transformation

Innovation

Knowledge
Transfer

Workforce
Experiential
Learning

System Thinking
Development

Figurel: Innovation and knowledge transfer

4



1.37 Limitations

As mentioned beforghe main purpose of this dissertatisrio examine the role
of systemthinking deelopment via experiential learning aadalyze howsuchprograms
affect enterprise innovatiazapability and knowledge transfétr was also mentioned
how aconceptual framewornwas developed in order to researclban g ani mread i on o0 s
to trainits systemengineering workforce in a manner that promotes innovation and
addresses enterprisastainability Furthermore, the framework modegblalidated by
asking the opinions of subject matter experts in the field of systems engineering. This can
be seen aa limitation of this studyit could be argued thatraorerigorous and scientific
validation processonethat actually observes and measures the progression of system
engineeringandidates through the proposed framewaduld have been more
insightful andof more significance; howeveahe survey methodology used in this
dissertation has strong precedent in systems engineering research. Additioisally,

limitation is seeras an pportunity for further research in this field

1.47 Significance of the Styd
The results of this study will be of significant interessystem engineering

organizations andusiness enterprises looking for inventive ways to develop the system
thinking capabilities of their workforces. For enterprises witlastblished

develgmental programs of this type, the study will provide a tool to promote innovation
and knowledge transfer in their organizatiansl a roadmap to implement those

programs effectivelyAdditionally, the results of the study will also benedyistem
engineeing organizatios andbusiness enterprises with existing developmental programs

since they will be able to use this conceptual framework to optimize their proqcasdes



to maximize innovation ankhowledge sharingmaking the enterprise more competitive

and enhancing short and long term enterprise sustainability.

1.57 Organization of the document

Chapter 1 captures tlowerall descriptionof the originalresearctproblemwhich
provides the reader with tleaitline for the dissertation documeihe dissaation begins
by formulating thebasis for undertakinthe researghthe context of the research is also
defined.Next, specificresearclguestionsare discusse@nda methodology to analyze
and answer those questions is proposdtke chapter concludest sections describing
the Imitationsand significance afheresearctstudy to provide the reader with a general
overview of the capacity and relevance of the studgxt, the oganization of this
dissertation is presented.

Chapter Zontainghisdis er t at i o nedisw,whichtereconmgpdsseghee r
major areas of interest theresearch andstablishes the foundationtbie development
of theconceptual frameworkodel The literature review incorporatesamprehensive
collectionof literatureand researctstudies in thelisciplinesof enterprise transformation,
experiential learning, systethinking, and on strategies feffectivesystemthinking
developmenin thesystem engineering workforce of tod&ynce the proposed
apprenticeship programas based on mentoring methoals,ample revievandanalysis
of mentoringmethodologies for various fieldgas conducted, arslipportingevidence
was collected in ordéo adapitoncepts relevant ®ystem engineerindrefer to
APPENDIX A1 DetailedConceptuaFrameworkModel Developmentor the details of
the literature review process. The details are presented in an appendix to maximize the

readability and fluidity of the dissertation document.



Chapter3 presets theresearch methodologyilized in this dissertatiarFirst, a
conceptual frameworknodelwasdeveloped as a result of the extensive literature review
Secondlyan adequateesearchmethodologywas selected in order smcomplish the
identified reseach objectives; survey research was chosen as the validating methodology.
The theoreticatonstructareprovided andx graphical representation of the research
process is presented, and the survey questions are mapped to the dissertation research.
This chapter also describes datalection procedure®f the empirical dataas well aghe
data analysiapproacksutilized to analyze the raw datdhedata analysigpproaches
are presented anttengths and limitationare identified.

Chapter 4of thisdissertation captures thesearchesults. This chapteontains
themajoroutcomesf the statisticahnalyss pertinentto thevalidation ofthe conceptual
framework model.In brief, this chaptediscusgesthekeyfindings of the survey
instrumentwith respect tahe proposed conceptual framework

Chapter 5 contains thesgussion andonclusionsof this dissertationlIn this
chapter, the proposed conceptual framework model is revised to incorporate the results of
the survey instrument. Additionallg,summary okach research question and-sub
guestionand their orresponding answer is provided@his chapter also presarthe
limitations andmplications of the currenesearctstudy andecommend areas for
further research opportunitigsinally, a brief discussiorof theresearch objectives and

researchindingsis provided, whiclconcludesthe purposef this study.



Chapter 27 Literature R eview

This dhaperdiscuses a collectiomf the literatureaelevant to théey elementof
interest tathis dissertation, specificallgn the concepts to be integrated as part of the
proposedapprenticeshiprogram aslepicted inFigure 1. Those concepts arEnterprise

transformation, systesthinking development, andorkforce experiential learning.

First,the concept of enterprise transformation is explored and relevant materials
are surveyed. Second, the literature was surveyewestigateexperiential learning
methodologies as the environment of choice fopttoposed developmental program.
Third, acollection ofliterature relevant to systethinking is conducted irorder to
substantiatevhatsystemthinking skills should be promoted during the proposed
apprenticeship program. This sectmfrthe literatureeviewalso includes the
investigation okexistingselectionapproachethat can be utilized asechanisms teelect
system engineering professionals that are likely to sudndbd proposegrograms.

Fourth, sincehe proposed apprenticeship progranesebn mentoring methodologies, a
literature review of formal mentoring programs in various fields is also conducted to
assess important mentor characteristics relevant to the selection process of mentors for
the proposed apprenticeship prograrefer toAPPENDIX A i DetailedConceptual
FrameworkModel Developmentor the details of the literature review process. The
details are presented in an appendix to maximize the readability and fluidity of the

document.

This chaptershowsthatthere islimited research on formal mentoring programs

for system engineering professionals that focus on system thinking development.



Additionally, none ofthe current literaturbasinvestigatedhe possiblénfluence of
systemthinking developmentia experiential learning on enterprise transformation,
which leads to the developmesfttheframework to construct a formal apprenticeship

program suitable for system engineering professgonal

2.171 Enterprise Transformation

Enterprie transformation is definesan f undament al shift withi
enterprisei n response to internal or external fac
operation of the enterprise afattors thatdisruptestablished processes amdrkforce
performancégPurchase et al., 2011, p. 28his concept is in linavith the perspective
presentedn (Gallagher, Brown, & Brown, 2008yhich emphasizethe importance of
becoming familiar with the market plaeaed adapting to it bgromotingcritical skills in
the workforce in order to develop better products and servid¢es,vethich would
translate into better profit margins for the enterprises

Rouseg(2005)also describes how changes in the market place result in the
inevitable realignment of enterprisebds goal s
competitive. Irsubsequent researcRousg2011)argues that enterprise transformation
is extremely challenging and foresees a market place that provides even more challenges
for organizations trying to undergo change. H¢ s¢tas t hat of ten ti mes Hfer
when forced to addr es qRobsa, 2B peéliMe sadgestsr ansf or n
that the larger the enterprise requiring fundamlemansformation, the more difficult it is
to adapt and transform. He defines four central elements of the successful transformation
for these enterprises: fiFocus on customer, O

e X e ¢ u(Rause,011, pp. 789). To a greater extend, all of these elements relate to



the ability of the workforce to communicate with the customer, operate efficientjyt, ada
and welcome a culture of change that promotes productivity, and the workforce capacity
to execute and deliver.

Other proponents of the relationship between market conditions and the need for
enterprise transfor mat i oonr ggaon iaz asttiegpn a lu ritdcheenrt
transforms and takes shape as part of the ad
e nvi r o fHatanm Silsestri, Vassolo, & Pettigrew, 2012, p. 309)e literature
describeghe enterprise transformation perspectiaed concepts as part of the
adaptation process that alirfis should consider in the dynamic environments of today.

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

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

while keeping costdown. The increasing need to understand the underlying principles

that define enterprise transformation processetso evident in new enterprise

transformation initiativesFor instance, intellectuals from various fields came together in

recent years testablish thdournal of Enterprise TransformatiqdET). Such

publication provides its readership with theoretical and best practice approaches to

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

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

field of enterprise transformation-, suggests
scale transformation, including a change in mission and subsequent required change in

the core busi e s(ksotmour, 2011, p. 48)The author also highlights that the
transformation progression includes changes

p e o pKomaur, 2011, p. 48)his dissertation focuses changes in people, namely on
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workforce developmerstrategies that are in line withe enterprise transformation
theorieghatpropose a holistic pgpective that captures the steps needed to adapt to

adverse market conditions

2.21 Experiential Learning

The concept of experiential learning is nothing new. In fact, there @se thho
argue that everything one learns can only be learned by expegeéiitist. Koo, a
proponent of experiential learning summarizes this methodology by qu@dinigicius
who said: Al hear and | forget .(Kob,1999e and |
(Bynum & Porter, RO5)referback to the teachings of Aristotle to substantiate the
relevance of thexperiential learningnethodology of teaching by doing. Theyote
Aristotlein theirwork:A For t he things we have to | earn b
doingd Given tre origins of the experiential learning consegb back to the era of the
great philosopherst is no surprise that it was another psibphethat iscredited with
the development of a modern definitiohexperiential learninglhe renownedFrench
philosopher Jeadacques Rousseau is recognized aather offormal experiential
learningmethodologies DorinaSalavastruan experiential learning researchmmsiders
Rousseat he fAf orerunner of €2002,rlD)®Rousseadds | ear ni ng
work focused orarly development in children, but the experiential learning concepts are
applicable to the various stages of learnmfumans.Subsequent experiential learning
methodologies have been further researched and refined by DE9ES) by Lewin
(1947, 1951)and later refined in the work by Piag&951, 1952)all of whom
researched experiential learning in the fields of education, social sgiandes

psychology, respectively.
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By the turn of the last centurtheresearch was focusing enperiential learningpplied
theoriegD. Kolb & Fry, 1975)that investigatedelationships between learning and
developmen{Vygotsky, 1978)and on the differences in learning styles focusing on
experience as the main soaifor development in humaid. Kolb, 1981, 1984)
More modern experietiial learning research focuses on the investigation of dynamic and
comprehensive approaches that attempt to manage learning and devel@preii &
Kolb, 2005)and on the enhancement of experiential learning for higher edu¢Btion
Kolb & Kolb, 2009) Recent research studies investigate the effects of integrating
experiential learning in the curriculums of business schd&tsiann & Frost, 2010and
in the curriculums of organizational leadership progrégangs, 2011)as part of the
teaching and learning processFinally, the utilizationof experiential learning as a
Aviable and practical appr dme(damiltan & Klehmmh ance cr
2011, p. 9)and thepositiveimpact of experiential learningethodologie$or technology
andengineeringeducators described {&rnst, 2013pre of relevance to this dissertation
since such studies relate to the fields of sydt@nking, technology, and emrgeering.
To conclude and summarigas literature review section,saiccinct and yet
powerful definition of experiential learning provided in(Rosenstein et al., 2012, p.
139)where the authors definedperiential learning simplydsl ear ni n@ by doi ng
Additionally, another definition of relevance to this dissertationiarttie context of
systemthinkingis describedy Hamilton and Klebba who defirexperiential learnings
amethodology that focuses timefi pr act i c al means to develop th

that underlie critical thinkingy(2011, p. 2)
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2.3 Systenthinking
Theconcepts and principles of enterprise transformation and experiential learning
were investigated in the previous literature review sectibms. section fouses on a
review of the literature corresponding to systiinking and system thinking

development.

2.3.171 Systenthinkingandengineering

Two decades ago, Senge described systdmi nki ng as a fAcatal ysto
improvemen{1990, p. 407)He viewedsystemthinking as a driver for organizational
performancgSenge, 1990Research iiCavaleri & Sterman, 199@nd(Huz,
Andersen, Richardson, & Boothroyd, 1993@Jidate how systerthinking contributes to
the enhancement of efficiency and productivity in an organization. F2&@)confirms
thesignificanceof systemthinking capabilities in the workforce, but highlightsat
engineerdave dfferent systerrthinking skills.Subsequent researth(Frank, 2002)
translates into the development afedt ofguidelinesthat attempt tgpromote system
thinking skills specific for engineershe research ifiFrank, 2002also translates into
the identification of the mostnportant systenthinking traits of individuals(Frank,
2002) F r a rpikn&er researdim (2000, 2002)s expandedby the development dhe
concept of Capacity for Engineering System Thinking (CE8&¥ented irfFrank, 2006)

More recent research explores systhinmking development specific to system
engineering professional®avidz, 2006; Davidz & Nightingale, 20Q8)he latter study
focuses on researchifiactors that rapidly promote tlevelopment of system enginger
Valerdi and Rousé010)also propose a set ofsgmthinking competencies that can be

promoted and measured. Finally, Davidz & Ma(i011)and (Kasser, Hitchins, Frank,
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& Zhao, 2013highlight the need to improve the systémmking capacity of system

engineering organizations in order to increase productivity and performance.

Major points of agreement:

Proponents of systethinking agree that systethinking is needed to solve the
complex problems of todg¥rank, 2000; Davidz, 2006; Davidz & Nightingale, 2008;
Lamb & Rhodes, 2010; Assidmi, Sarkani, & Mazzuchi, 20P2pponentslso suggest
thatsystemthinking development translates into higher productivity in the workplace
(Cavaleri & Sterman, 1997; Huz et al., 1997; Mengers & Sireli, 20893temthinking
proponents also agree that system engineers learn more effectively by working in real
projects and by beingxposed to complex probler(i3avidz & Nightingale, 2008;
Fagerstrom & Olsson, 2002; Frank, 2000, 20@&)d most importantly, many authors
agree that there is a shortagesystemthinking professionals and stress the need to
develop a new wave of systeimnnkers(Davidz, 2006; Davidz & Nightingale, 2008;

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

Major points of divergence:
Earlier research suggests people have similar learning potential, and thus system
thinking development ifor everyongCavaleri & Sterman, 1997; Huz et al., 1997;
Senge, 1990Although authors in more recent publications acknowledge that everyone
can benefit from systesthinking development, they argue that not everyone has the same
learningpotential(Davidz & Nightingale, 2008; Frank, 2000, 200&)so, the literature

suggests various approaches for systieimking developmeniDavidz & Martin, 2011;
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Davidz & Nightingale, 2008; Davidz, 2006; Frank, 2008)t there is no consensus on
what methodology is more appropriate and in what environment such methodology
should @ implemented. Finally, there is consensus with respect to syisieking
development beingchievablebutthere is no agreement on a defined set of system
thinking skills that need to be promoted during such developiEtidz & Martin,

2011, Davidz & Nightingke, 2008; Frank, 2006, 2010)

Chapter 37 ResearchMethodology

Theresearchmethodologyfor this dissertatioms comprised of two parts:
First, a conceptual framework model for the proposed workforce development program
was developed; such model captuteselements necessarycmnstructan
apprenticeship prograsuitablefor system engineering professiondlte details of the
conceptual framework development can be fourRPENDIX A of this dissertation.
Secondly, a survey instrument is implemented in order to assess the proposed model.
Refer toAPPENDIX B for details about theurvey instrumentised in this dissertation
research
The survey results are then tabatbhand statistical significanae evaluated in order to
assess thadequacy or inadequacytbie proposed apprenticeship program and its
various elements. Finally, the survey results are interpreted and then incorporated into a
revisedversion of the propged model, and the final findings are presemesiibsequent

chapters.
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3.17 Conceptual framework model for proposed apprenticeship program

This dissertation relies on extensive literature review and existing research studies
to develop the main comporterof the proposed framework model. The details of the
development of theonceptual frameworknodelcan be found iIRPPENDIX A.

First, the study leverages the eight (8) systlimking traits defined ifDavidz &
Nightingale, 2008; Davidz, 200@nd adopts them as the skills that needetpriomoted
in the program. These skills are straight forward and synthesize the elements to be
promoted in the proposed apprenticeship program.

Secondly, a mechanism to select participants that are more likely to succeed in the
program is defined. Fori8) the study proposes the utilization of the competences
described in the research by Frd@R06, 2010)

The thirdmain component dhe conceptudramework involves the selection
process of adequate mentorse literature waalsosurveyed talevelop this component
Kram is credited for conducting the first #fAs
relationships in modern organizationd= o wl er & OO0 GorAmaresult,2005, p.
career functions and psychosocial functiansidentified as the two major mentoring
functions insubsequent research as specifie(Kimm, 1980, 1985)The authorsn
(Ragins & McFarlin, 1990proposdawo additional mentoring fuctionsto be added to
the model, andubsequent researah (Raabe & Beehr, 2002nd(Scandura, 1992,
1997)validate the pioneer research(ikram, 1980, 1985and(Ragins & McFarlin,

1990) Finally, a conceptual framework model for formal mentoring is developed in
(Wanberg, Welsh, & Hezlett, 20Q3Jhe research framework of this dissertation is an

adaptation of that formal mentoring model to the system engineering field.
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Finally, the fourthelement othe conceptudrameworkmodel developed ithis

studyrelates to the program characteristics #ratlikely topromote participatiorBy

examining theanain elements of the formal mentoring model describ¢Wianbeg et

al., 2003) thecharacteristics that make apprenticeship programs aggpealing to

potentialparticipants are highlighteahd investigated in the context of the proposed

apprenticeship program for system engineeprajessionalsThe resulting coreptual

framework model is captured Figure 2.

MENTORS/

MENTOR SELECTION

PROCESS

Adapted from the mentoring research
by Kram and Wangberg et al.)

ASSESSORS

SYSTEM CAMNDIDATE SELECTION PROCESS
ENGINEERING (Based on Frank's characteristics
WORKFORCE of candidates likely to succeed)

PROGRAM CHARACTERISTICS
- Frequency of interaction
- Participation promotion
- Corporate Environment

JL

EXPERIENTIAL LEARNING

SYSTEM THINKING TRAITS TO Workforce characteristics ENTERPRISE
PROMOTE needed for enterprise TRANSFORMATION
competiveness and
[ Thinking broadly L\ sustainability
Curiosi
| Yy F“‘\E\\ System thinking traits . E;‘_"a";“ "
[ Questioning ""‘? associated with p| MnGVELIGH t_“‘-;u;l
.—-"'"'".H innowvation R
| Open-minded 7 training
| Communication ><§
Promote
| Tolerance for Uncertainty / “\‘-.. System thinking traits knowledge
| Strong interpersonal skills i associated with transfer through
knowledge transfer experiential
| Thinking out-of-the-box training

(Based on Davidz and Nightingale's
research on system thinking development)

Figure2: Research framework methodology

3.21 Model Validation:Survey Design

The next undertaking of thdissertatiorconsisted omleveloping a way to

validatethe proposed framework modeT his section assesses the adequacy or
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inadequacy of the proposed modé&here is strong precedent supporting the use of
surveys in system engineering research. Survey research has been ossttucta
system engineering curriculum for systémmking developmentFrank, 2000)to
develop a thredimensional model to study systeamnking conceptgFrank, 2002)to
accelerate the developntest senior system enginediBavidz, 2006)and to study

collaborative systerthinking in organizationgLamb & Rhodes, 2010)

3.2.11 Survey Instrument

Themain sections athe survey instrument are depictedrigure 3. The set of
guestiondor each sectiowere captured in a Microsoft Excel filndsent to system
engineering professionals with three (3) or moresyeaexperiencel he participants
were selected from system engineering organizations in government agencies, private
industry, and professional system engineering organizations. The surveys solicitations
were distributed via electronic mail, and inforinatand consent forms were also
provided to all potential participant&s soon as theompleted surveys were returned
the files weresaved as anonymous filaadadded to a repositoryrhen the answers
were automatically transferred to a maixcel file wheredescriptive statistics were
tabulated The data was also transferred to Minftaimd Matlalf where nonparametric
and multivariate statistical analyses were condustéth the exception of the
demographics sectigthe survey questions are askediébermineh e par ti ci pant 6s
opinion about the aspects of fh@posedsystemthinking apprenticeship program

The survey details and the descriptions ofghestions sent to the survey

participants can be found APPENDIX B.
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3.2.21 Survey Scoring Scale

The survey instrument follows the scale developeBéysis Liket, who used
such scaleaimprove thdevels of measurement in his reseafidkert, 1932) As
specified in(Jamieson, 2004a 5point Likert scaleconvention is adopted for the study.
The participats had five (5pptions to choose from: Strongly disag(&®), disagree
(D), neither agree nor digeee (N), agree (A), and strongly agree (SA). For the statistical
analysis, each option hath associated score of 1, 2, 3, 4, and 5 respectiMadymain

sections of the survey instrument are depictdéigare 3.

Part C: Mentor/Assessor Selection | Survey Instrument |

MENTORS/ > MENTOR SELECTION |/Adapted from the mentoring research

ASSESSORS PROCESS by Kram and Wangberg et al.)
Part B: Mentee/Apprentice Selection | [ Part D: Program characteristics |
PROGRAM CHARACTERISTICS
SYSTEM CANDIDATE SELECTION PROCESS - Frequency of interaction
ENGINEERING (Based on Frank’s characteristics - Participation promotion
WORKFORCE of candidates likely to succeed) - Corporate Environment
EXPERIENTIAL LEARNING
SYSTEM THINKING TRAITS TO Workforce characteristics ENTERPRISE
PROMOTE needed for enterprise TRANSFORMATION
competiveness and
| Thinking broadly L\ sustainability
I Curiosity |‘-\\ o ) Enhance
= System thinking traits _ | innovation through
[ Questioning - associated with experiential
- ] innovation i
| Open-minded raining
| Communication %g
o Promote
Tolerance for Uncerta
[ ranc n inty I~ System thinking traits knowledge
Strong interpersonal skills associated with » transfer through
| 9 P knowledge transfer experiential
[ Thinking out-of-the-hox training

(Based on Davidz and Nightingale's
research on system thinking development) [Part E: System-thinking benefits for enterprise transformation |

Figure3: Survey instrument for model validation process

19



3.231 Survey Instrument Elements

With the exception of the desgraphics sectigrwhich is not showim Figure 3,
the survey questions are asked to deternlinet par ti ci pant 6s opinion a
the proposedsystemthinking apprenticeship programhe survey idroken into five (5)

sections; the sections are presented next.

3.2.3.17 DemographicgPart A)

The first section asks for demographitfrmation and establishes the
participantdés | evel of expduireAraptaresi Bt t he sys
Ao of the survey instrumentThe participants were asked about their level of system
engineering experience, their educasidaevel, their title in their organization, and the
number of employees in their orgartinas. In order to assess their exposure to
mentoring two additional questions were asked to the particip&dter toFigure 4 for

details about the demographic section.

DEMOGRAPHICS \ Comments/ Recommendations

Years in systems engineering
OR

Years in systems engineering sub-discipline
Name of sub-discipline (if applicable)
Highest education level (BS, MS, PHD)
Title
Organization size (# of employees)

Mentoring experience Y/N
Have you ever been mentored in system engineering?
Have you ever mentored someone in systems engineering?

Figure4: Survey Part AT Demographics

3.2.3.27 Candidate selection procefBart B)
The secondurveysection(PartB)Jas ks f or the participant s
type of competences that should be considered in the selection prosgsteof

engineering mentees/apprenticdsis section of the survey is used to astiess
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proposednechanismte el ect potenti al candi(20@66jaeds based
(2010) namely focusing on those individuals that are likely to succeed in the program.
The survey participants were asked three serfguestions:
A. The first set of gestions asked the participamtsri ch of Frankoés indi v
cognitive competencg2006, p. 94should be considered when selecting mentees
that are likely to succeed in system engineering mentoring programs.
B. Thesecond set of questions asked the parti.i
engineering competenc€006, p. 975hould be considered in the selection
process.
C.The third set of questions ichavaetegisticsgat ed w
(2006, p. 100¥should be considered in the selection process.

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

Potential Mentees/Apprentices with the following characteristics are likely to |  Strongly Neither Agree nor Strongly

Competence Type succeed in system-thinking development programs? disagree |Disagree disagree Agree agree

Understanding the whole system and seeing the big picture

|Understanding interconnections
Understanding systems synergy

Understanding system from multiple perspectives

Thinking creatively

Understanding system without getting stuck on details and tolerance for
ambiguity and uncertainty

Understanding the implications of proposed changes

Understanding a new system/concept immediately upon presentation
Understanding analogies and parallelism between systems
Understanding limits to growth

Cognitive
competences

Analyzing the need
Analyzing and developing the concept of operations
Requirements analysis

|Conceptualizing the solution
Generating the logical solution - functional analysis

Engineering

Generating the physical solution - architecture synthesis
competences

Seeing the future

Using simulations and systems engineering tools
Optimizing

Using systems designs considerations
Conducting trade studies

Good management skills
Good human relations
Behavioral Autonomous and independent learner

competences | System oriented
Curiosity and innovation
Ask good questions

Figure5: Survey: Part B Mentee/Apprentice selection process
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3.2.3.31 Mentor selection procegPart C)

The thirdsurveys ect i on asks for the participantos
characteristics that should be considered in the selection process of mentors/assessors.
Thequestions werdeveloped based dheliterature reviewon formal mentoring. Refer
to APPENDIX A for further details.

The questions in this section investigateat mentor characteristics should be considered
when selecting potential mentors tbe proposed mentoring progrdan system

engineeing professionals Refer toFigure 6 for details about the set of questions.

Strongly Neither Agree nor Strongly
Competence Type A good mentor should... disagree |Disagree disagree Agree agree

have proven experience in system engineering
have formal certification by an independent systems engineering

possess good leadership skills
Essential mentor [be a good communicator
characteristics |have the willingness to mentor
be able to adapt to the needs of the mentees
be flexible
possess good assessment capability

Figure6: Survey Part Ci Mentor/Assessor selection process

3.2.3.41 Program claracteristics(Part D)
This section of the questionnames ks f or t he ploutthe ci pant 6s
program characteristidhat promote matees and mentors participatiohhe first
element of sectioD investigates how frequently the participants kiime mentoring

interaction should occur. Refer Eigure 7 for details.

0-10 hrs 30-40 hrs
Definition Jweek 10-20 hrs fweek| 20-30 hrs fweek [week Other

For effective system engineering mentoring in experiential learning

programs, mentors and mentees should interact how many hour per

week?

(PLEASE SELECT ONLY ONE OPTION)

(Definition of system engineering experiential learning =

apprenticeship programs for professionals, hands-on learning, learning

from experience)

Frequency of
Interaction

Figure7: Survey: Part O Program Characteristics: Frequency of interaction
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The secad element of sectioD examineghe characteristics that should be
promoted as beneficial to the apprentices. The survey participants were asked a series of

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

to particpate in these programs. RefefRigure 8 for further details.

Strongly
Program participation will provide/s disagree

Disagree

Neither Agree nor
disagree

Agree

Strongly

agree

Program
characteristics
that promote

mentee
participation

Useful hands-on experience
System thinking traits in participant

Participant's system engineering competencies

Participant's performance in the enterprise
Participant's image and exposure in the enterprise

Mentees' promotion opportunities

Mentees' compensation package

Defined and structured advancement plan

Figure8: Survey: Part O Characteristics that promote mentee participation

The third elemeninvestigated in sectioD corresponds to the assessment about
the type of program characteristics that should be promoted to portray the program as
beneficial for potential mentors. The participants were asked a series of questions to
assess what prograneitefits would appeal to potential participants (mentors). Refer to

Figure 9 for further details.

Strongly
disagree

Neither Agree nor
disagree

Strongly
Program participation will provide/enhance agree

Mentor's satisfaction of helping a younger colleague

Disagree Agree

Program
characteristics
that promote

mentor

participation

Mentor's job security

Mentor recognition

Mentor's promotion opportunities

Mentor's compensation package

A path of succession and not replacement
Organization communication
Institutional memory (knowledge transfer)

Figure9: Survey: Part D Characteristics that promote menfaatrticipation

To fourth and final program characteristics examined in SeBtioorresponds to

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

proposed progranRefer toFigure 10 for further details.

Strongly Neither Agree nor Strongly
Program participation will provide/enhance disagree Disagree disagree Agree agree

Corporate Corporate sponsorship is essential for a successful experiential
learning program based on formal mentoring
Corporate commitment is essential for a successful experiential

environment
that promotes

learning program based on formal mentoring

FigurelQ: Survey: Part D Corporate environment that promotes participation

3.2.3.51 Systemthinking for innovation andRart E)

In this sectionthe survey investigatebe opinion of the survey participants with
respect to the potentibkenefits of system thinking development on enterprise
transformation, focusing onnevation and kawledge transfer
The first questioraskedthe participant# they thought these programs enhanced
enterprise innovatiorl.he second question asked the participdntey thought these
types of programs enharttikenowledge transfer for enterprise susédiility. Refer to

Figure 11 for further details about these two questions.

Strongly Neither Agree nor Strongly
Benefits for enterprise transformation disagree Disagree disagree Agree agree

Formal mentoring programs for system
engineering professionals enhance enterprise
innovation

Formal mentoring
programs on
system thinking and
their role on

enterprise Formal mentoring programs for system
transformation |engineering professionals enhance knowledge
transfer for enterprise sustainability

Figurell: Survey Part Ei Program benefit$or enterprise transformation
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The seond set of questions ire&tion Easked the opinion of the survey

participants and their assessmemhow the system thinking traits proposed by Davidz

and Nightingalg¢2008)are of benefit to enterprise transformation. The survey

participants were asked if each of those sydtanking traits promota: innovation,

knowledge transfer, onidinot promote either. Refer tigure 12 for details about these

guestions.

System thinking traits

Promotes
Innovation

Promotes
Knowledge
transfer

Does not promote
neither

System thinking
traits and
innovation and
knowledge transfer

Thinking broadly

Curiosity

Questioning

Open-minded

Communication

Tolerance for uncertainty

Strong interpersonal skills

Thinking out-of-the-box

Figurel2: Survey Part Ei Systemthinking, innovation and knowledge transfer

3.31 Mapping of survey questions to dissertation research

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

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

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

Research: Methodology for system-thinking J— Resultstranslatesinto the development of the
training for systems engineers proposed system-thinking apprenticeship program

Focus of training: System Thinking Type of program

Innovation Knowledge Transfer | Bxperiential Learning Environment |

| Training Methodology: Apprenticeship |

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

Apprenticeship program design

Survey Research methodology
Part A: Demographics

| Selection process: Prioritizes competences of
system engineersthat are likely to succeed

Part B: Candidate selection Process Selection process: Examines characteristics of
Q1B ¢ Q10B: Cognitive

Ql1B¢ O218: Engineering " mentors for the proposed program
Q22B ¢ Q27B: Behavioral

| Freq. of interaction: Suggests optimum mentee-
Part G Mentor selection Process mentor dyad frequency of interaction
QLC- Q10C Mentor characteristics

Srategies for participation: Prioritizes program

A4

Part D: Program characteristics — characteristics that promote participation
QI1D: Freq of interaction _

Q2D ¢ Q9D: how to promote apprentice participation Program benefits: Examines benefits of system-
Q10D ¢ Q17D: how to promote mentor participation » thinki . :

Q18D - Q19D: Corporate environment that promotes participatiol thinki ngtraining and formal mentoring programs

on innovation and knowledge transfer

Part E Benefitsfor enterprise —
QLE ¢ Q2E Benefitsfor enterprise transformation g‘ |
QBE¢ Q10E System-Thinking traitsto promote |

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

A 4

Figurel3: Survey research methodology mapped to disserteggaarch

3.47 Data analysis methodology
This chaptempresentshe methodologies utilized to assess the survey results. First,
descriptive statistics relevant to the collected da¢gpresented; secondly, summaries of

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

3.4.171 Descriptive Statistics

As described in the research methodology chaptisrdissertation utilizesurvey
researcho assess thelements of the proposed apprenticeship prodoarsystem
engineering professionall was also mentiondthat the surveys wesent to system

engineering professionals with three (3) or more years of experiEmegarticipants
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were selected from sysh engineering organizations in government agencies, private

industry, and professional stgm engineering organizatiofidgure 13 summarizes the

ultimate goal of the survey whichtise refinement of the propossystemthinking
apprenticeshipprogramased on t he participantsd feedbac
assessinghe central tendency of the responses to the survey questions atatittieal

significance of that tendencyhis study follows the methodwjies specifiedh (Stevens,

1946) where the author uséhemedianand mode to assess central tendency and the

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

3.4.217 Nonparametric analysis:-Bample Sign Test

Nonparametric analysis was utilized to perfdagsts abot the population center
value(median). Refer t¢Gibbons, 1976; Noether, 197fbr further readings on the topic.
Nonparametric tests are good candidates for survey data since there is no assumption
about a specific distribution (unlike in parametric analysis). FBarhple Sign test was
chosersince it does not assume symmetry in the distribution; it conduets of the
median and calculates the corresponding point estimagetest uses the null hypothesis
that the popul ation medi an  @ul)estsagainstguual t o a
alternative hypothesis, which can bedefa i | e g, rightd a< | ¢ g, or(tweptaited d
( d ol There are five (3)ptions to choose frorim the surveySD, D, N, A, and SA,
and each choice has associated score of 1, 2, 3, 4, and 5 respectiMedyefore, a
median < 3.00 implies a negative tendency, and a median > 3.00 suggests a positive
tendency. Since the study Iaofor a positive central tendency in the dat&Sample
Signed test (rightailed) with the following hypotheses was selecteldo : dq;HLl: 3.00

d>3.00and withU = a8 th@skgnificance level to test against. Ifhealue is< 0.05
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the null hypothesis is rejected and the alternative hypothesis is accepted (positive central
tendency); if the gvalue > 0.05, thaull hypahesis fails to be rejectedhe sample

signed test (right tailed) was conducted using Mirfith

3.4.31 Multinomial test
The survey responses were also fitted to a multinomial distribution and the
probabilities of each of the response categories walaslated. The multinomial test was
conducted to assess the null hypothesis that the parameters of the multinomial
distribution equal a specified value. For this study, the parameters of interest correspond
to the sum of t he _Pramhda iSltirtoiPefH)).yihéAegtr feerée g 6 (
captures thdlultinomial probability(P_A + P_SA)n each responsgi t h0.08, =
namely 5% Confidence Interval (Cl) is calculatddhe multinomial test was

conducted in MatlabR2010a.

3.4.47 Multivariate Analyss: Item Analysis

The final step in the data analysis process corresponds to the assessment of the
internal consistency of the survey. For this
analysis is a type of Multivariate Analysis (MVA) approach which ples statistics that
help assesstheitehy-i t em rel i abil ity of the survey. Th
measures the degree of internal consistency as specifi€danbach, 1951)This
dissertatof ocuses on the Cronbachds al pha value a
assess if removing a paular question in the analysis increases the alpha value. The rule
of thumb specified in(George & Mallery, 2003and(Kline, 1999)is followed for

assessing the alpha wallue: 0.9 ¥g®o®)(eXcdl ke
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(acceptabl e); 0.6 < U < 0.7 (questionabl e),

(unacceptable)The item analysis assessment was conducted using Mibab

3.57 Research methodology limitations

There are two limitations ithis research methodology. The first limitation relates
to divergence of definitions (amongst survey participants) in regards to siystding
and experiential learning. This limitation is discusse(Diavidz, 2006) where the author
examinesow divergence of relevant definitions is a potential issue in surveys and
suggests that the consensus strength of each formulation may be compromised. Another
less significant limitation relates to the statistical analyses selected to assess the data.
Initially, descriptive statistics are tabulated and this is followed by conducting a non
parametric Sample Sign test, which examines central tendency but does not capture the
strength of consensus of the respondents. The multinomial test provides an esisesm

consensus amongst responses but only within a confidence interval.

3.5.11 Mitigating measures

Two steps are taken to address these limitations: First, when possible, relevant
definitions are provided within the survey in an attempt to reduce preptonsabout a
particular topic. Secondly, the statistical analyses are reinforced by introducing a
methodology that specifically examines the strength of consensus for each formalation.
summary of the model consensus strength is presented in theengah. Additional
details of the consensus model are present@®PENDIX D i Details of Consensus

Measure Model
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3.5.21 Model for Consensus Strength
This section introduces mathematical model that captuties level of consensus
(or dissention¥or each of the questions in the survey instrum@imte model was
developedn (Tastle & Wierman, 200Avhere the authors build upon taetropy
concept researched by Shanrid®48)andincorporatea probability distribution and
distances between categories or choiéefinal scoreofdld r epr esent s perfect
and a f i M&@ndicakesno coasensus atall. Other researchers studying
consensus thepiconcur with theassumption that consensus spans the unit interval
(Kacprzyk, Zadrozny, & Ras, 2009; Szmidt & Kacprzyk, 2001, 20@88)important
property of the consensus measure is that it is not linear. o, avalue of0.5is
not the midpoint between absolute consensus and absolute dis¢&atiapnAhammad,
& Qiang, 2000)A set of ranges to quantifonsensus proposed byM. Anderson &
Blandy,1992) Theauthorsdescribethat onsensus g@obdo)yv ea Ov &l ues et wi
0.5 and 0. 7conviacingpana a valdesgreatat than 0.7 is considered

floverwhelming The final consensus measure used inghidyis:

i p B PiIicgcy

Where, X is any finite discrete random variable with probability distribugien
%8 B D8Et EOEHAMATEA A& OBAE AIOEHA @ 8 8
This equationis usedo calculate the consensstsength of each of the collective

responses in the survey adorovidea better assessment of each response.
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3.5.31 Consensus Strengéxamples
The consensus equation was utilized to create a table with various cases in order
to illustrate how the caensus measurement workable 1 captures various general

cases of consensus strength giserumber bresponses40 responses are assumed

score 1 2 3 4 5
Consensus
Description E#|SD| D A [ SA || Median Mode Range| IQR | Strength
El1| O[O | 0| O |40 5.0 5 0 0.00 1.000
Consensus is maximum whenall [ E2 | 0 | O | 0 |40 | O 4.0 4 0 0.00 1.000
responses concentrate in one E3|/ 0|0 |40 0| O 3.0 3 0 0.00 1.000
single category E4| O (40| 0|0 | O 2.0 2 0 0.00 1.000
ES|40(0 | 0| 0| O 1.0 1 0 0.00 1.000
Polarization: Consensus is E6 20| 0| 0 | O |20 3.0 bimodal 4 4.00 0.000
minimum (zero) when the E7]19( 0| 0| 0 |21 5.0 5 4 4.00 0.002
responses are equally divided E8 21| 0| 0| 0|19 1.0 1 4 4.00 0.002
between categories at opposite E9 |22 0| 0| O |18 1.0 1 4 4.00 0.007
ends of the spectrum E10/24| 0 | O | O | 16 1.0 1 4 4.00 0.029
E11 0| 0 |20]| 20 4.5 bimodal 1 1.00 0.807
Same consensus strength when
responses are equally divided E12 0 |20 20 3.5 bimodal 1 1.00 0.807
among categories located one (1)|E13| 0 |20|20| 0 | O 25 bimodal 1 1.00 0.807
position apart
E14{20(20, 0 | 0O | O 1.5 bimodal 1 1.00 0.807
Same consensus strength when E15| O 0|20 0 |20 4.00 bimodal 2 2.00 0.585
responses are equally divided
among categories located two El6| O |20 0 |20| O 3.00 bimodal 2 2.00 0.585
2) positions apart
E17{20| 0 (20| 0 | O 2.00 bimodal 2 2.00 0.585
Same consensus strength when
responses are equally divided E18/ 0 (20| 0 | 0 |20 3.50 bimodal 3 3.00 0.322
among categories located three
3) positions apart E19({20| 0 | 0 (20| O 2.50 bimodal 3 3.00 0.322
For a given symmetric E200 8 | 8| 8 | 8| 8 3.00 | multimodal 4 2.00 0.434
distribution, consensus increases |[E21| 5 | 8 |14| 8 | 5 3.00 3 4 2.00 0.584
as the values at the 'tails' are E22| 2|9 |18| 9 | 2 3.00 3 4 2.00 0.713
tapered off E23| 1 | 9 |20 9 | 1 3.00 3 4 0.50 0.763

Tablel: Consensus strength examples

The frst case represents maximum consensus (Cns = 1.00), and it is represented
with all 40 responses converging to a single category. The second example captures

various degrees of polarization (Cns ~ 0.00). Those cases occur when the responses are
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equally divded (or very close to equally divided) between categories at opposite end of
the spectrum. The other cases represent various degrees of consensus, which depend on
how the responses are divided between one or more categories and on the relative

distance beveen those categories.

Chapter 41 ResearchResults

As it was mentioned befordy@questionnairesveredistributed to system
engineering professionals with more than 3 years of experience in the system engineering
field and/or in a syyem engineering sudiscipline,namely participants whose
organization ogroup falls under the system engineering umbrella. The survey was sent
to an initial population of 101 system engineering professionals and there was a response
rate close t@0%, namely there wer40 responsedn the following sections, specific

survey results for each section are presented.

4.17 Survey Results: Demographi@art A)
The level of experience of the survey population is capturédyire 14. Most

of the survey participants §%) have between 3 and 15 years of experience in the system
engineering field. The remaining% of the population has 15 years of experience or
more.Figure 15 captures the eduttanal level of the population, which i§%, 6%,
and B% corresponding tBachelors, Masters/MBA, and PhD degrees, respectively.
Figure 16 depicts the organization size of each of the participants. Fiféjyre 17
captures the system engineering mentoring experience of the survey participants. The
participants were asked if they have mentored someone in systems engineering: 63% of

the participants (N=8) said they havand 37% (N=5) said they have not. Additionally,
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the participants were asked if they have been mentored in systems engineering during
their careers: &% (N=23) indicated that they have received mentoring &2% 4N=17)

said they have not.

Years in systems engineering
(Sample N = 40)

W 3<x<5

W 5<x<10
M 10<x<15
W 15<x<20
m>20

Figurel4: Surveyi Demographics: Experience level in systems engineering

Highest education level (BS, MS/MBA, PHD)
(Sample N = 40)

M BS
mMS
W PHD

Figurel5: Surveyi Demographics: Educational level
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Organization size (# of employees)
(Sample N = 40)

m <500
M 500<x<1k
1 1k<x<10k
m > 10k
m > 50k

Figurel6: Surveyi Demographics: Organization size

Mentoring experience of survey participants
(Sample N = 40)

my EN

N, 15

Have you evgr mentored Y, 25
someone in systems
engineering?

N, 17

Have you ever been mentored Y, 23
in system engineering?

0% 20% 40% 60% 80% 100%

Figurel7: Surveyi Demographics: Mentoring experience in systems engineering
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4.271 Survey Results: Candidate selection process (Part B)
Refer toTable 2 for a description of all the questions in {pArand toTable 3 for

the correspondingtatistical results of the-SampleSigned testmultinomial test, and
consensus strengtiihe statisticanalyzes indicatthat all but on€Q8B) of the
cognitive competeces (Q1Bi Q10B)are of relevance the proposed program. The 1
Sample Signed test and the multinomial tests indicate the responses to Q8B do not have a
positive tendency. Additionally, the statistical analyz@sfirms the use of engineering
competenes (Q11B Q21B) and behavioral competences (Q22B22B)as relevant to
the selection praess for the proposed program. Finally, the consemsasurdor all
guestions in section B ranges from 0.565 to 0.771, which indicates a convincing to

overwhelmingconsensus.

4.2.11 Candidate selection process statistical analysis

A. The esultsof the 1-Sample signegright-tailed test) indicate thaitl questions have a

positive tendency, namely a median > 3 andvalBe < 0.05. The exception is Q8; which

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

B. The results for the multinomial test suggest thatupper bound for the 95%
confidence intervak greater than 0.6 for all instances, except for Q8
C. For the agreementeasure, the consensus strength for all questions in this section

ranges from 0.565 to 0.771, which indicates convincing to overwhelming consensus.
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PART B: Mentee Selection Process

Potential Mentees/Apprentices with the following %1; g § Bl o %‘; 9
Section| Q# characteristics are likely to succeed in system-thinking § :uf = ‘é ?,, § )
development programs? &alalz|T 4 <
Q1 Understanding the whole system and seeing the big picture
Q2 Understanding interconnections
Q3 Understanding systems synergy
o § Q4 Understanding system from multiple perspectives
E 5 Q5 Thinking creatively
E E a6 Understanding system without getting stuck on details
8 E and tolerance for ambiguity and uncertainty
S Q7 Understanding the implications of proposed changes
Q8 Understanding a new system/concept immediately upon presentation *
Q9 Understanding analogies and parallelism between systems
Q10 Understanding limits to growth
Q11 Analyzing the need
Q12 Analyzing and developing the concept of operations
Q13 Requirements analysis
o § Q14 Conceptualizing the solution
'5 S | Q15 Generating the logical solution - functional analysis
o E Q16 Generating the physical solution - architecture synthesis
Eﬂ g Q17 Seeing the future
W S | Q18 Using simulations and systems engineering tools
Q19 Optimizing
Q20 Using systems designs considerations
Q21 Conducting trade studies
» | 022 Good management skills
© g Q23 Good human relations
-g 2 | Q24 Autonomous and independent learner
5 8 |25 System oriented
3 g Q26 Curiosity and innovation
¢ Q27 Ask good questions

Table2: Description of Part B Questions
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Nonparametric Analysis - Minitab® 15

(1- Sample signed test)

Multinomial test - Matlab® R2010a
Function BINOFIT (X,N,alpha) generates VILEs

(Tastle and
Wierman 2007)

Descriptive statistics: Positive tendency (right-tailed): and (100 - alpha) percent confidence intervals Consensus
Raw Data from Central Tendency and Ho: median = 3.00 ; H1: median > 3.00 P_A + P_SA is the multinomial probability of the sample Measure
Survey responses Dispersion a = 0.05; **p > 0.05, fail to reject null with a = 0.05; namely 95% CI. *Upper bound < 0.6
Lower Upper Consensus
Section Q#|SD D N A SA([Median Mode Range IQR | N Below Equal Above Median P PSD PD PN P_A P_SA|P_A+P_SA bound bound Strength
QL] o 1 1 13 25 5.0 5 3 1.00| 40 1 1 38 5.00 0.0001 0.000 0.025 0.025 0.325 0.625 0.950 0.831 0.994 0.769
Q|0 0 3 14 23| 50 5 2 1.00]| 40 0 3 37 5.00 0.0001 |0.000 0.000 0.075 0.350 0.575| 0.925 0.796 0.984 0.771
Q3|0 1 10 18 11 4.0 4 3 2.00| 40 1 10 29 4.00 0.0001 0.000 0.025 0.250 0.450 0.275 0.725 0.561 0.854 0.753
Q|0 2 1 17 20| 45 5 3 1.00| 40 2 1 37 4.50 0.0001 [0.000 0.050 0.025 0.425 0.500| 0.925 0.796 0.984 0.737
Cognitive as | o 0 6 18 16 4.0 4 2 1.00| 40 o] 6 34 4.00 0.0001 0.000 0.000 0.150 0.450 0.400 0.850 0.702 0.943 0.757
competences| @6 | 1 7 9 12 11| 40 4 4  200| 40 8 9 23 4.00 0.0053 [0.025 0.175 0.225 0.300 0.275| 0.575 0.409 0.730 0.565
Q7| 0 2 2 16 20 4.5 5 3 1.00| 40 2 2 36 4.50 0.0001 0.000 0.050 0.050 0.400 0.500 0.900 0.763 0.972 0.726
Q8|2 11 15 8 4 3.0 3 4 200| 40 13 15 12 3.00 0.655** [0.050 0.275 0.375 0.200 0.100| 0.300 0.166 0.465* 0.649
Q|0 4 8 19 9 4.0 4 3 1.00 | 40 4 8 28 4.00 0.0001 0.000 0.100 0.200 0.475 0.225 0.700 0.535 0.834 0.702
Qo] 2 5 9 18 6 4.0 4 4 1.00 | 40 7 9 24 4.00 0.0017 0.050 0.125 0.225 0.450 0.150 0.600 0.433 0.751 0.614
Q1| 0 0 4 16 20| 45 5 2 1.00| 40 0 4 36 4.50 0.0001 |0.000 0.000 0.100 0.400 0.500| 0.900 0763 0.972 0.760
Q121 1 5 21 12 4.0 4 4 1.00 | 40 2 5 33 4.00 0.0001 0.025 0.025 0.125 0.525 0.300 0.825 0.672 0.927 0.740
Q13| 1 3 5 13 18| 4.0 5 4  100| 40 4 5 31 4.00 0.0001 [0.025 0.075 0.125 0.325 0.450| 0.775 0.615 0.892 0.630
Q14| 0 1 8 8 23 5.0 5 3 1.00| 40 1 8 31 5.00 0.0001 0.000 0.025 0.200 0.200 0.575 0.775 0.615 0.892 0.675
Engineering Q5| 0 2 6 13 19| 4.0 5 3 1.00| 40 2 6 32 4,00 0.0001 [0.000 0.050 0.150 0.325 0.475| 0.800 0.644 0.909 0.688
Qle| 0 3 11 12 14 4.0 5 3 2.00| 40 3 11 26 4.00 0.0001 0.000 0.075 0.275 0.300 0.350 0.650 0.483 0.794 0.658
competences| .71 o 4 g 18 12| 40 4 3 125| 40 4 6 30 400 0.0001 |0.000 0.100 0.150 0.450 0.300| 0.750  0.588 0.873 0.705
Q18| 1 0 8 18 13 4.0 4 4 1.00| 40 1 8 31 4.00 0.0001 0.025 0.000 0.200 0.450 0.325 0.775 0.615 0.892 0.725
Q19| 1 3 10 20 6 4.0 4 4 100| 40 4 10 26 4,00 0.0001 [0.025 0.075 0.250 0.500 0.150| 0.650 0.483 0.794 0.687
Q200 2 5 16 17 4.0 5 3 1.00 | 40 2 5 33 4.00 0.0001 0.000 0.050 0.125 0.400 0.425 0.825 0.672 0.927 0.712
Q21| 2 1 10 15 12 4.0 4 4 2.00| 40 3 10 27 4.00 0.0001 0.050 0.025 0.250 0.375 0.300 0.675 0.509 0.814 0.634
Q22| 2 1 13 12 12 4.0 3 4 2.00| 40 3 13 24 4.00 0.0001 0.050 0.025 0.325 0.300 0.300 0.600 0.433 0.751 0.609
Q23| 0 1 4 19 16 4.0 a4 3 1.00| 40 1 4 35 4.00 0.0001 0.000 0.025 0.100 0.475 0.400 0.875 0.732 0.958 0.752
Behavioral [Q24| 4 2 10 17 7 4.0 4 4 1.00| 40 6 10 24 4.00 0.0017 0.100 0.050 0.250 0.425 0.175 0.600 0.433 0.751 0.577
competences Q251 0 6 15 18 4.0 5 4 1.00 | 40 1 33 4.00 0.0001 0.025 0.000 0.150 0.375 0.450 0.825 0.672 0927 0.691
Q26| 0 0 5 15 20 4.5 5 2 1.00| 40 0 5 35 4.50 0.0001 0.000 0.000 0.125 0.375 0.500 0.875 0.732 0.958 0.748
Q27| 0 0 5 18 17| 4.0 4 2 100 40 0 5 35 4.00 0.0001 [0.000 0.000 0.125 0.450 0.425| 0.875 0.732 0.958 0.761

Table3: Survey Statistical Analysis fétart B
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4371 Survey Results: Mentor selection process (Part C)
The descriptioaof the questions isection C areaptured infable 4, and the
relevant statistical analyzesaraptured ifable 5. The statistical analyzeonfirms all
but one of the proposed essential mentor characteristicsi(@BC) arerelevant to the
selection proess.Both the :Sample Signed test and the multimal tests indicate that
the responses to Q2C do not have a positive tendéficglly, the consensuseasure
for all questions in this section ranges from 0.615 to 0.838, which indicates a convincing

to overwhelming consensus strength.

4.3.117 Mentorsdection process statistical analysis

A. The esultsof the1-Sample signegright-tailed test) indicate thatlauestions have a

positive tendency, namely a median > 3 andvalBe < 0.05The exception is Q2; which

has a Pvalue > 0.05, which implies # the test fails to reject null hypothesis.

B. The results for the multinomitgstsuggest thatie upper bound for the 95%

confidence intervak greater than 0.6 for all instances, except for Q2

C. For the agreement measure, thesensus strengtbrfall questions in this section

ranges from @15to 0838 which indicates convincing to overwhelming consensus
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PART C: Mentor Selection Process

In regards to the characteristics that shouldbe | & g g Tlol|5 o
Section| Q# considered in the selection process of mentor, a § &9 ?,'f ‘é % § T |
good mentor should... Zal8lz|<|8 "
" Q1 have proven experience in system engineering
§ Q2 have formal certification by an independent systems engineering agency *
% Q3 possess good leadership skills
g' Q4 beagood communicator
g Q5 have the willingness to mentor
% Q6 be able to adapt to the needs of the mentees
£
® Q7 be flexible
E Q8 possess good assessment capability
v
(]
(78]

Table4: Description of Part C Questions
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Nonparametric Analysis - Minitab® 15 Multinomial test - Matlab® R2010a (Tastle and
(1- Sample signed test) Function BINOFIT (X,N,alpha) generates MLEs Wierman 2007)
Descriptive statistics: Positive tendency (right-tailed): and (100 - alpha) percent confidence intervals Consensus
Raw Data from Central Tendency and Ho: median = 3.00 ; H1: median > 3.00 P_A + P_SA is the multinomial probability of the sample Measure
Survey responses Dispersion a = 0.05; **p > 0.05, fail to reject null with a = 0.05; namely 95% Cl. *Upper bound < 0.6

Lower Upper Consensus

Section Q#|SD D N A SA|Median Mode Range IQR N Below Equal Above Median P PSD PD PN PA P_SA|PA+P_SA bound bound Strength
Q1|1 0 2 12 25 5.0 5 4 1.00 | 40 1 2 37 5.00 0.0001 |0.025 0.000 0.050 0.300 0.625 0.925 0.796 0.984 0.713
Q|5 11 14 8 2 3.0 3 4 125| 40 16 14 10 3.00 |0.9157**|0.125 0.275 0.350 0.200 0.050 0.250 0.127 0.411* 0.615
Essential Q3|0 2 4 18 16| 4.0 4 3 1.00 | 40 2 4 34 4.00 0.0001 |0.000 0.050 0.100 0.450 0.400 0.850 0702 0.943 0.729
Mentor Q4|0 0 1 9 30 5.0 5 2 025 | 40 0 1 39 5.00 0.0001 |0.000 0.000 0.025 0.225 0.750 0.975 0.868 0.999 0.838
Q5|0 1 1 6 32 50 5 3 0.00 | 40 1 1 38 5.00 0.0001 |0.000 0.025 0.025 0.150 0.800 0.950 0.831 0.994 0.813
Characteristics| o5 | 1 3 2 15 18| 40 5 4 100| 40 4 2 34 400 | 00001 |0.025 0.075 0.050 0400 0.450| 0.850  0.702 0.943 0.657
Q7|1 1 3 21 14| 40 4 4 100 | 40 2 3 35 4.00 0.0001 |0.025 0.025 0.075 0.525 0.350 0.875 0732 0.958 0.730
Q8| 0 0 6 20 14 4.0 4 2 1.00 | 40 0 6 34 4.00 0.0001 |0.000 0.000 0.150 0.500 0.350 0.850 0.702 0.943 0.773

Table5: Survey Statistical Analysier Part
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4471 Survey Results: Program characteristics (Pajt D
The descriptions of the questions in this section are captufiebie 6, and the

corresponding statistical analyzes are capturdébie 7. Q1D for this section examines
t he participantds opinion about the frequenc
menteementor dyad. The participants were asked how often they thought the mentoring
interaction shou occur on a weekly basis. Five choices were givel0 @rs, 1620 hrs,
2030 hrs, 3 0 hrs, and O6otherdé (in whiThe case the
inclination is clear upon inspection of the raw dato@t of the 40 participantelected
theintervals ranging from-Q0 and 1620 hours per week as adequédr the mentoring
interaction, and one participaindicated thaB hours per week would be sufficient.
Statistical analysis wasonducted to assess significan€ae multinomialest for ths
guestion confirmshatno more than 2@ours per week are needed for the mentoring
interaction to beffective
Q2D71 Q9D examine the program characteristics that promote mentee participation. The
multinomial and 1Sample Signed tests indicate thatoait one (Q8D), of the proposed
characteristics, promotes mentee participation. The null hypothesis irSdafle
Signed test for Q8D was rejected since thalue < 0.05, suggesting a positive tendency;
however, that result could not be confirmed ia thultinomial test. In regards to the

program characteristics that promote mentor participatiwae of the proposed program

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

had a pvalue > 0.05. The corresponding mmbmial tests for those questions confirm

the results of the-Bample Signed test.
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The last two questions for section D examined the corporate environment that promotes
participation. The ISample Signed test and the multinomial test indicate that the

corporateenvironment elements captured in Q18D and Q19D promote program

participation.

Finally, the consensuseasurdor all questions in this section ranges from 0.605 to
0.823, which indicates a convincing to overwhelming consensus strength. The censensu

strength measure is also depicted able 7.

4.4.17 Program Characteristicstatistical analys
A. The results for the Multinomial test for Q1 (Mentdentee interaction frequency)
suggests tha@ to 20 hourgperweekareneededor the menteenentor interactiono be
effective The multinomial sample probability P-1@hr + P_1e20hrs = 0.875, with 95%
Cl (from 0.732 to 0.958)
B. The results of the-Sample signed (rigktailed test) for Q2 Q19 indicate thathe
majority of thequestions have a positive tendency, namely a median > 3 andlad™<

0.05.The exceptions are Q11, Q13, and QAKich have a Pvalue > 0.05, which implies

that the test fails to reject null hypothesis.
C. The results for the muitomialtest for Q2Q19suggest that the upper bound for the
95% confidence interval is greater than 0.6tf@ majority of the questionsxcept for

08, 011, 013, and Q14

D. For the agreement measure, the consensus strength for all questions ittidims sec

ranges fron0.605 to 0.823, which indicates convincing to overwhelming consensus
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PART D: Characteristics that promote program participation

Section

g

#
o Frequency Of Interaction (Choose only ONE)

0-10 hrs
20-30 hrs

10-20h

30-40hrs

Other

Freque
ncy of
Interac

Q1 For effective system engineering mentoring in experiential learning programs,
and mentees should interact how many hours per week?

ntors

BLEIT|gEe
SR Program participation will provide/enhance g3l |s 2L
holg |2 7]
Q2 Useful hands-on experience

E c Q3 System thinking traits in participant

5 .g Q4 Participant's system engineering competencies

EBR Q5 Participant's performance in the enterprise

g g Q6 Participant's image and exposure in the enterprise

s g Q7 Mentees' promotion opportunities

o Q8 Mentees' compensation package *

Q9 Defined and structured advancement plan

Promote mentor participation

Q10 Mentor's satisfaction of helping a younger colleague
Q11 Mentor's job security *

Q12 Mentor recognition

Q13 Mentor's promotion opportunities *

Q14 Mentor's compensation package *

Q15 A path of succession and not replacement

Q16 Organization communication

Q17 Institutional memory (knowledge transfer)

Corporate
Environment

Corporate sponsorship is essential for a successful
experiential learning program based on formal mentoring
Q19 Corporate commitment is essential for a successful

Q18

Table6: Description of Part D Questions
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Raw Data from Survey responses

Multinomial test - Matlab® R2010a
Function BINOFIT (X,N,alpha) generates MLEs
and (100 - alpha) percent confidence intervals
(P_0-10 + P_10-20) is the multinomial probability of the sample
with a = 0.05; namely 95% Cl. *Upper bound < 0.6

Lower Upper Consensus
Section Q# |0-10hrs 10-20hrs 20-30hrs 30-40hrs Other | Median Mode Range IQR N Below Equal Above Median P P_0-10 P_10-20 P_20-30 P_30-40 P_Othr| P_0-20 hrs bound bound Strength
Interaction
Frequency Qi 20 15 4 0 1 N/A N/A N/A 0.500 0.375 0.100 0.000 0.025 0.875 0.732 0.958 N/A
Nonparametric Analysis - Minitab® 15 Multinomial test - Matlab® R2010a (Tastle and
(1- Sample signed test) Function BINOFIT (X,N,alpha) generates MLEs Wierman 2007)
Descriptive statistics: Positive tendency (right-tailed): and (100 - alpha) percent confidence intervals Consensus
Central Tendency and Ho: median = 3.00 ; H1: median > 3.00 P_A + P_SA is the multinomial probability of the sample Measure
Raw Data from Survey responses Dispersion a = 0,05; **p > 0,05, fail to reject null with a = 0.05; namely 95% CI. *Upper bound < 0.6
Lower Upper Consensus
Section Q# sD D N A SA | Median Mode Range IQR N Below Equal Above Median P P_SD P_D P_N P_A P_SA [P_A+P_SA bound bound Strength
Q2 0 0 1 16 23 5.0 5 2 100 | 40 0 1 39 500 | 0.0001 | 0000 0.000 0.025 0400 0575 0.975 0.868 0.999 0.798
Program Q3 0 1 5 22 12 4.0 4 3 1.00 | 40 1 5 34 4.00 0.0001 0.000 0.025 0.125 0550 0.300 0.850 0.702 0943 0.781
characteristics] 24 0 0 5 25 10 4.0 4 2 025| 40 0 5 35 400 | 0.0001 | 0.000 0000 0.125 0625 0.250 0.875 0732 0958 0.823
that promote as 0 3 9 19 9 4.0 4 3 1.00 | 40 3 9 28 4.00 0.0001 0.000 0.075 0.225 0475 0.225 0.700 0.535 0.834 0.719
Qs 1 1 11 20 7 4.0 4 4 100 | 40 2 11 27 400 | 00001 | 0025 0025 0275 0500 0175 0.675 0.509 0.814 0.717
mentee a7 2 2 15 16 5 4.0 4 4 100 | 40 4 15 21 400 | 00005 | 0050 0050 0375 0400 0.125 0.525 0361 0685 0.661
participation | as 2 3 19 13 3 3.0 3 4 100 | 40 5 19 16 300 | 00133 | 0.050 0075 0475 0325 0075 0.400 0.249 0.566* 0.692
Q9 1 0 8 20 11 4.0 4 4 100 | 40 1 8 31 400 | 0.0001 | 0025 0000 0200 0.500 0.275 0.775 0.615  0.892 0.753
Qio| 1 0 4 17 18 4.0 5 4 100 | 40 1 4 35 400 | 0.0001 | 0025 0000 0.100 0425 0450 0.875 0732 0958 0.710
Program [Qi1| 4 7 14 11 4 3.0 3 4 200| 40 11 14 15 300 |0.2786** | 0100 0175 0350 0.275 0.100 0.375 0.227 0.541* 0.605
characteristics| 22| 2 4 14 14 6 35 4 4 100 | 40 6 14 20 350 | 0.0047 | 0050 0.100 0350 0350 0.150 0.500 0338 0662 0.626
Qi3 3 5 16 12 4 3.0 3 4 1.00 | 40 8 16 16 3.00 |0.0758** | 0.075 0.125 0.400 0.300 0.100 0.400 0.249 0.566* 0.635
that promote Q4| 3 4 23 7 3 3.0 3 4 025| 40 7 23 10 3.00 |0.3145** | 0.075 0.100 0.575 0175 0.075 0.250 0.127 0.411* 0.723
mentor Qis 2 2 10 21 5 4.0 4 4 1.00 | 40 4 10 26 4.00 0.0001 0.050 0.050 0.250 0.525 0.125 0.650 0.483 0.794 0.674
participation (qi6| 3 0 5 26 6 4.0 4 4 000 | 40 3 5 32 400 | 00001 | 0075 0000 0.125 0650 0.150 0.800 0.644 0.909 0.704
Q7| o 0 2 16 22 5.0 5 2 1.00 | 40 0 2 38 500 | 0.0001 | 0000 0000 0.050 0400 0.550 0.950 0.831 0.994 0.783
Corporate
environment | Q18| 1 1 3 17 18 4.0 5 4 100 | 40 2 3 35 400 | 00001 | 0025 0025 0.075 0425 0450 0.875 0.732 0958 0.695
that promotes
participation
Qe o0 1 0 16 23 5.0 5 3 100 40 1 0 39 500 | 0.0001 | 0000 0.025 0.000 0400 0575 0.975 0.868  0.999 0.778

Table7:
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4.57 Survey Resultdnnovation and Knowledge Transfer (Part E)

The descriptions of questions for section E are also captufieabie 8, and the
relevant statistical analyses are capturetiable 9. The :Sample Signed test and the
multinomial tests for Q1E and QZ2E indicate there is enough evidence to suggest that
mentoring in system engineering enhances innovation and knowledge transfer. The
consensumeasurs for Q1E and Q2E are 0.771 and@®, respectivelywhich indicates
overwhelmingconsensus strength.

For Q3E to Q10E, three multinomial tests were conducted. The first multinomial test
(Test 1) indicates that the systehinking skills defined in Q3E, Q4E, Q5E, Q6E, Q8E,
and Q10E promotmnovation. The second multinomial test (Test 2) indicates that the
systemthinking skills defined in Q5E, Q7E, and Q9E promote knowledge transfer. The
third multinomial test (Test 3) assesses which of the proposed sstéamg traits
promote neithennovation nor knowledge transfer. The results of this test indicate that
all the proposed systethinking traits promote innovation, knowledge transfer, or both,

as is the case with the systéhinking trait captured in Q5E.

4.5.11 Innovation and knowlegk transfer statistical analysis
A. The resultof the 1-Sample signetkst (righttailed) for Q11 Q2 indicate that both
guestions have positive tendency, namely a median > 3 andvalBe < 0.05.
B. The results for the multinomi&st forQ1 and Q24n this section confirm that there is
enough statistical significanceince P_A + P_SA = 0.7, and 1.00 for Q1 and Q2,

respectivelyThe upper bound for the 95% confidence interval is greater than (b6tfor

Q1 andQ2.
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C. For the agreement measuhes consensus strength is 0.769 and 0.771 for Q1 and Q2,
respectively

D. One of the main goals of this section was to establish with enough statistical
significance which of the systethinking traits promotes innovation, knowledge transfer,

or neither therdore, three (3) multinomial testsere conducted fa®@3- Q10.The first
multinomialtest was conducted to assess with enough statistical significance which of the
proposedystemthinking traits promote innovation. Similarly, the second and third
multinomal tests were conducted to assess (with enough statistical significance) which of
the systenthinking traits promotes knowledge transfer and neither innovation or
knowledge transfer.

D1. Results for Multinomial test (Q®10): For Test 1 (P_Innovation)h¢ upper bound

for the 95% confidence interved greater than 0.6 for O3, Q4, O5, @B, and Q10

D2. Results for Multinomial test (Q®10): For Test 2 (P_KT)the upper bound for the

95% confidence intervas greater than 0.6 for Q5, Q7and Q9

D3. Results for Multinomial test (Q®10): For Test 3 (P_Neither), the upper bound for

the 95% confidence interve less than 0.6 for all questions
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PART E: Benefits of system-thinking for Enterprise

Benefits for enterprise ~ 1| ¢ || = o
4 wm P e m @ o v
. transformation (Focus on Palhl|ls o | @@
Section Q# s 2w 3 o o
Innovation and Knowledge | 5 2| » | @ < |5 £
hop |2 &
Transfer)
§ 3
% E Formal mentoring programs for
g 8 al system engineering
= professionals enhance
E s _E enterprise innovation
® o
g £k
£c g
“§ o g Formal mentoring programs for
& H system engineering
ER Q2  professionals enhance
E -\E‘ knowledge transfer for
E = enterprise sustainability
c
[ o L =
3 = < 8 2
- Q#  System thinking traits Promote 2 % 5 'E
3 £ EF z
€ =
=3
©
c
©
c
2 Q3  Thinking broadly
g Q4  Curiosity
£ 8 Q5 Questioning
= E Q6  Open-minded
55 Q7 Communication
-‘% Q8 Tolerance for uncertainty
i Q9  Strong interpersonal skills
£ Q10 Thinking out-of-the-box
£
£
r o}
£
o
i
>
w

Table8: Description of ParE Questions
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Nonparametric Analysis - Minitab® 15 Multinomial test - Matlab® R2010a Wierman
(1- Sample signed test) Function BINOFIT (X,N,alpha) generates MLEs 2007)
Descriptive statistics: Positive tendency (right-tailed): and (100 - alpha) percent confidence intervals Consensus
Raw Data from Survey Central Tendency and Ho: median = 3.00 ; H1: median > 3.00 P_A + P_SA is the multinomial probability of the sample Measure
responses Dispersion o = 0.05; ** p > 0.05, fail to reject null with a = 0.05; namely 95% CI. *Upper bound < 0.6
Lower Upper Consensus
Section Q# | SD D N A SA Median Mode Range IQR | N Below Equal Above Median P P_SD P_D P_N P_A P_SA P_A+P_SA bound bound Strength
Formal
mentoring | oy | o 4 8 18 10 50 5 3 100|440 1 1 38 500 | 00001 | 0.000 0100 0200 0450 0250 0.700 0535 0834 0769
programs on
system
thinking and
theipiolelon | o 0 o 17 23 5.0 5 2 100| 40 © 3 37 500 | 00001 | 0.000 0.000 0.000 0425 0.575 1.000 0.912 1.000 0771
enterprise
transformation
Multinomial test - Matlab® R2010a (Tastle and
Function BINOFIT (X,N,alpha) generates MLEs Wierman
and (100 - alpha) percent confidence interval 2007)
Test 1. Sample P_Innovation with a = 0.05 (95% Cl); *Upper bound < 0.6 Consensus
Raw Data from Survey Descriptive statistics: Test 2. Sample P_Knowledge Transfer with a = 0.05 (95% ClI); *Upper bound < 0.6 Measure
responses Percentages Test 3. Test if P_Neither with a = 0.05 (95% Cl); *Upper bound < 0.6
Promotes Promotes Promotes Testl Lower Upper | Test2  Lower Upper Test3  Lower  Upper Consensus
Section Q# | Innovation KT Neither I KT Neither N Below Equal Above Median P P_Inn bound bound | P_KT bound bound |P_Neither bound bound Strength
mentoring Q3 36 2 2 90.0% 5.0% 5.0% 0.900 0763 0972 | 0050  0.006 0.169* 0.050 0.006  0.169*
programs on Q4 36 3 1 90.0% 7.5% 2.5% 0.900 0.763 0972 | 0.075 0.016 0.203* 0.025 0.001  0.131*
as 22 18 0 55.0% 45.0%  0.0% 0.550 0.385 0.707 | 0450  0.293 0.615 0.000 0.000  0.088*
system a6 36 2 2 20.0% 5.0%  5.0% 0900 0763 0972 | 0050 0006  0.169° | 0050 0006  0.169*
thinkingand | o7 4 36 0 100% 900%  0.0% N/A N/A | o100 0028 0236* | 0900 0763 0.972 0000 0000  0.088* /A
theirrole on | as 23 5 12 57.5% 125%  30.0% 0575 0409 0730 | 0.125 0.042 0.268* 0.300 0.166  0.465*
enterprise Qs 4 34 2 10.0% 85.0%  5.0% 0.100 0028 0.236* | 0850  0.702 0.943 0.050 0006  0.169*
transformation | Q10 40 0 0 100.0% 0.0% 0.0% 1.000 0912 1.000 | 0.000  0.000 0.088* 0.000  0.000 0.088*

Table9: Suwey Statistical Analysis faPartE
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4.67 Survey Results: Item Analysis

The item analysis results are capturedatle 10. The composite Crdna ¢ h 0 s
alpha value for the survey is 0.9139, which suggests anlexicesliability as described
in the assessment guidelineg@eorge & Mallery, 2003; Kline, 1999)

Multivariate Analysis - Minitab® 15: Item Analysis

Results: Cronbach's Alpha = 0.9139
Total Omitted  Adj. Total  Adj. Total Item-Adj. Total Cronbach's
Variable  Count Mean StDev Variable Mean StDev Corr Alpha
Q1B 40 4.55 0.68 Qi B 215.57 20.01 0.2012 0.9139
Q2B 40 4.50 0.64 Q2 B 215.63 19.96 0.2858 0.9133
Q3 B 40 3.98 0.80 Q3 B 216.15 19.95 0.2380 0.9137
Q4. B 40 4.38 0.77 Q4 B 215.75 19.81 0.4361 0.9121
Qs_B 40 4.25 0.71 Qs_B 215.88 19.89 0.3541 0.9128
Q6_B 40 3.62 1.15 Q6_B 216.50 19.68 0.3853 0.9126
Q7_B 40 4.35 0.80 Q7_B 215.77 19.89 0.3136 0.9131
Q8_B 40 3.02 1.05 Q8 _B 217.10 19.52 0.5919 0.9102
Q9 B 40 3.83 0.90 Q9 B 216.30 19.65 0.5452 0.9109
Q10 B 40 3.52 1.06 Qio B 216.60 19.47 0.6255 0.9098
Q11 B 40 4.40 0.67 Qi1 B 215.72 20.02 0.1819 0.9140
Ql2_8 40 4.05 0.88 Qi12_B 216.08 19.59 0.6367 0.9101
Qi13_8 40 4.10 1.06 Q13_B 216.02 19.50 0.6005 0.9101
Ql4_8 40 4.32 0.89 Ql4 B 215.80 19.74 0.4483 0.9119
Qil5_B 40 4.23 0.89 Qils_B 215.90 19.52 0.6954 0.9095
Qil6_B 40 3.92 0.97 Qil6_B 216.20 19.55 0.6114 0.9101
Qi7. B 40 3.95 0.93 Qi7 B 216.17 19.89 0.2646 0.9137
Q18 B 40 4.05 0.88 Qis B 216.07 19.64 0.5708 0.9107
Qls_B 40 3.68 0.92 Q19 B 216.45 19.53 0.6656 0.9097
Q20_8 40 4.20 0.85 Q20_B 215.93 19.63 0.6041 0.9105
Q21_8 40 3.85 1.05 Q21_B 216.27 19.50 0.6075 0.9100
Q22_8 40 3.77 1.07 Q22_B 216.35 19.70 0.4026 0.9124
Q23_B 40 4.25 0.74 Q23 B 215.87 20.08 0.0882 0.9148
Q24 B 40 3.52 1.15 Q24 B 216.60 19.75 0.3220 0.9134
Q25 B 40 4.23 0.89 Q25 B 215.90 19.99 0.1610 0.9146
Q26_B 40 4.38 0.70 Q26_B 215.75 20.00 0.2069 0.9139
Q27_8 40 4.30 0.69 Q27_B 215.82 20.07 0.1081 0.9145
Q1_c 40 4.50 0.82 Qi1c 215.63 20.07 0.0884 0.9150
Q2_C 40 2.77 1.07 Q2_C 217.35 19.77 0.3360 0.9131
Q3_C 40 4.20 0.82 Q3_C 215.92 19.89 0.2986 0.9132
Q4 C 40 4.72 0.51 Q4 _C 215.40 19.99 0.3079 0.9132
Qs c 40 4.72 0.64 as c 215.40 20.07 0.1166 0.9144
Q6_C 40 4.18 1.01 Qa6 C 215.95 19.85 0.2780 0.9136
Q7_C 40 4.15 0.86 Q7_C 215.98 19.53 0.7131 0.9094
Qs_c 40 4.20 0.69 Qs_c 215.92 20.02 0.1745 0.9141
Q2_D 40 4.55 0.55 Q2_D 215.58 20.12 0.0470 0.9147
Q3_D 40 413 0.72 Q3_D 216.00 19.79 0.4966 0.9117
Q4 D 40 4.13 0.61 Q4 D 216.00 20.08 0.1031 0.9144
Qas D 40 3.85 0.86 Qs D 216.27 19.97 0.1882 0.9142
a6 D 40 3.77 0.86 Q6 D 216.35 19.60 0.6316 0.9102
Q7_D 40 3.50 0.96 Q7_D 216.63 19.67 0.4836 0.9115
Q8_D 40 3.30 0.91 Qs_D 216.83 19.79 0.3782 0.9125
Q9_D 40 4.00 0.85 Q9_D 216.12 19.71 0.5082 0.9114
Q1o D 40 4.27 0.85 Q10 D  215.85 19.78 0.4218 0.9121
Ql1 D 40 3.10 1.13 Ql1_D 217.02 19.56 0.5103 0.9111
Qi2_D 40 3.45 1.04 Qi2_bp 216.68 19.52 0.5967 0.9102
Ql13_D 40 3.23 1.05 Qi13_D 216.90 19.57 0.5430 0.9108
Ql4a_D 40 3.08 0.94 Q14_D 217.05 19.72 0.4460 0.9119
Qis5_D 40 3.62 0.95 Qi15_D  216.50 19.59 0.5723 0.9106
Qi6 D 40 3.80 0.97 Qi6 D  216.32 19.59 0.5643 0.9106
Qil7 D 40 4.50 0.60 Q17 b 21563 20.24 -0.1491 0.9160
Q18 D 40 4.25 0.90 Qlg_D 215.87 19.94 0.2164 0.9141
Q19_D 40 4.53 0.64 Q1s_D 215.60 20.14 0.0068 0.9151
Q1_E 40 3.85 0.92 Ql_E 216.27 19.89 0.2668 0.9136
Q2_E 40 4,57 0.50 Q2_E 215.55 20.17 -0.0347 0.9150
Total 40 220.13  20.15

Tablel10: Suwvey Reliability- Item Analyss
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4771 Detailed results and methodology specifics

APPENDIX C contains the specifics of the methodologies used to assess the statistical
significance of the data: descriptive statist -sample signed test, multinomial test, and
survey reliability (Item analysis). Links to the various sections are presented next:

+ C.1. Descriptive statistics

+ C.2. Sample Signetkest

+ C.3 Multinomial Test

+ C.4 Survey Reliability (Item Analysis)
APPENDIX D contains the specifics of tlensensus stngth model utilized to assess
the fAagreement | edv erl s, pruchosoeydemeatedtthiriiail pant s
assessment of thetatistical significance of the datanks to theconsensus strength
sectiorsis presented next:

+ D.1.Consensus as a measure of dispersion of ordinal data
D.2.Consensus model
D.2.17 Consensus measure of selection process of mentees/apprentices
D.2.27 Consensus measure of selection process of mentors/assessors

D.2.37 Consensus measure of program characteristics

- + + &

D.2.47 Consensus measure for benefits of systieimking

A final summary of all the results of the reseascpresented ifable 11. The column
capturing the final recommendation for each proposed element provides the final
assessment with respect to the inclusion or omission of that element in the proposed

apprenticeship program.
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Summary of Final Results: Cronbach's Alpha =0.9139

PART B: Mentee Selection Process PART C: Mentor Selection Process PART D: Characteristics that promote PART E: System-thinking and Innovation &
program participation Knowledge Trasnfer
Statistical Statistical Statistical Statistical
Central Consensus Final Central Consensus Final Central Consensu Final Central Consensus Final
Section| Q Tendency Strength Conclusion|Section| Q Tendency Strength Conclusion| Section Q Tendency s Strength Conclusion Section Q Tendency Strength  Conclusion
Ql pos 0.7688 Accept Ql pos 0.7129 Accept w S k| Q1 <20hrs N/A Accept w
- 2 c o
Q2 pos 0.7709 Accept Q2  neutral 0.6154 Optional |+ g = T2 Q1 pos 0.7688 Accept
o Q3 pos 0.7532 Accept § o | Q3 pos 0.7289 Accept Q2 pos 0.7980  Accept _E g s Innovation
g g4 pos 0.7369 Accept | § § Q4 pos 0.8377 Accept g c Q3 pos 0.7811  Accept FEE
S 8| Q5 pos 07572  Accept | E & | a5 pos 08129  Accept | £ 8 | Q4 pos 0.8228  Accept “é“.; E
En ‘& Q6 pos 0.5650 Accept -g 8| a6 pos 0.6573 Accept £ E Qs pos 0.7191 Accept ] En-.g Q2 pos 0.7709 Accept
S E Q7 pos 0.7257  Accept § E| a7 pos 0.7301  Accept %IQ Q6 pos 0.7166  Accept %E £ [Knowledg
O Q8 neutral 0.6494 [Optional | @ ° | a8 pos 0.7731 Accept E E_ Q7 pos 0.6613  Accept s -E = Tranfer
Q9 pos 0.7019 Accept & Q8 netural 0.6922 | Optional % §
Ql0  pos 0.6142 Accept Q9 pos 0.7529  Accept e«
Q11 pos 0.7598 Accept c System Thinking traits Promotes
Ql2 pos 0.7404 Accept f—.’ Q1o pos 0.7095  Accept
Q13 pos 0.6303 Accept _5 Q11 neutral 0.6045 | Optional E Q3 pos N/A Innovation
En § Q14 pos 0.6747 Accept % Q12 pos 0.6256 Acc‘ept g Q4 pos N/A Innovation
E 5 Q15 pos 0.6875 Accept s Q13 neutral 0.6349 | Optional 'g Qs pos N/A land KT
@ 4 | Qle pos 0.6584 Accept § Q14 neutral 0.7226 | Optional § 5 Q6 pos N/A Innovation
"B E‘ Q17 pos 0.7049 Accept S Q1s pos 0.6736  Accept £% Q7 pos N/A KT
& 9 |Qis pos 0.7250 Accept E Qie pos 0.7042  Accept = E Q8 pos N/A Innovation
Q19 pos 0.6866 Accept % Q17 pos 0.7831 Accept ; E..; Qs pos N/A KT
Q20 pos 0.7117 Accept 5 ® E Q10 pos N/A Innovation
Q21 pos  0.6341  Accept & w3
w | Q22 pos 0.6092 Accept - Q18 pos 0.6949 Accept % £
© § Q23  pos 0.7521 Accept 8 5 |Q19 pos 0.7780  Accept £
2 @(a24 pos 0.5770  Accept £ £ £
E 8las  pos 06905  Accept £2 4
& Elaz pos 07482 Accept S 2 &
“1Q27 pos 07606  Accept

Tablel11l: Summary of Final Survey Results
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Chapter 57 Discussionand Conclusions

5.17 Survey results and apprentgl@p program refinement
In the research methodology presente@lapter 3 Research
Methodology section3.31 Mapping of survey questions to dissertation research
contans a mapping of the survey questions to the research in this dissertation.
Figure 18is presented to reiterat®w each of the survey questions is used in this
research study, and how the survesultstranslatento the refinement of the proposed

systemthinking apprenticeship program.

The Role of System Thinking Development on Enterprise Transformation

Research: Methodology for system-thinking J— Resultstranslatesinto the development of the
training for systems engineers proposed system-thinking apprenticeship program

Type of program
Experiential Learning Environment |

Focus of training: System Thinking
Innovation Knowledge Transfer

| Training Methodology: Apprenticeship |

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

Apprenticeship program design

Survey Research methodology | election process: Prioritizes competences of

Part A: Demographics system engineersthat are likely to succeed
Part B: Candidate selection Process | Selection process: Examines characteristics of
Q1B ¢ Q10B: Cognitive ”

Q1B Q218 Engineering mentors for the proposed program

Q22B ¢ Q27B: Behavioral

Freg. of interaction: Suggests optimum mentee-
Part G Mentor selection Process mentor dyad frequency of interaction
Q1C- Q10C Mentor characteristics

A 4

Srategies for participation: Prioritizes program
characteristics that promote participation

A 4

Part D: Program characteristics —
Q1D: Freq of interaction _
Q2D ¢ Q9D: how to promote apprentice participation Program benefits: Examines benefits of system-

QLODG QL7D: how to promote mentor participation thinking training and formal mentoring programs
Q18D - Q19D: Corporate environment that promotes participatio . g
on innovation and knowledge transfer

System thinking benefits: Bxamines which
> system-thinking traits promote innovation and
which promote knowledge transfer

Part E Benefitsfor enterprise
QLE ¢ Q2E Benefitsfor enterprise transformation
Q3E¢ QIOE System-Thinking traitsto promote

L]

Figurel8: Surveyresults and apprenticeship program refinement
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5.1.17 SectionA conclusions for proposed apprenticeshipgram

There are no conclusions derived from the demographic section of the survey.
This section was utilized ontp qualify participantdor the survey, to assess their level
of experience in systems engineering field, and to assess their exposuréyfoearfy

mentoring in systems engineering.

5.1.27 Section B conclusions for proposed apprenticeship program

In general, the statistical analysis of section B (mentee selection process) indicates
that it is appropriate to utilize the cognitive, enginegrand behavioral competences
defined in(Frank, 2006ps a tool to select potential system engineering professionals for
the proposed apprenticeship program. Eaeynent of section B was accepted except
for Q8B, which captures the ability of an engineer to understand a new system
immediately upon presentation. The results suggest such competence should be left as an

optional discriminatindactor in the selectionrpcess of candidates.

5.1.37 SectionC conclusions for proposed apprenticeship program

The statistical analysis of section C (mentor selection process) indicates that it is
appropriate to focus on seven of the eight essential mentoring characteristicshed
in this study. There was not enough evidence to accept or reject Q2C, which corresponds
to the recommendation of including a formal certification in system engineering as a
prerequisite in the mentor selection process. The statistical analygestithis element
should only be considered as an optional discriminating factor in the selection process of

mentors for the apprenticeship program.
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5.1471 SectionD conclusions for proposed apprenticeship program

The statistical analysis for section Dggestghat 3 to20 hours per weeére
sufficientfor an effectivementeementor dyadnteraction. This is in line with the
concepts described (®pitzmuller & Van Dyne, 2013which suggesmentoring should
allow for independent thinking, implying the interaction should be limited to allow
ment ees t o |-ehr nthdrovwhnAlbut ené @ timee recommended
elements captured in questions (Q@BD) wmuld be used to promote mentee
participation. The exception is Q8D, which corresponds to the claim that program
participation enhances t hsalamdadditiealy fve c o mpen s a
of the eight proposed elements were accepted as factors that can be utilized to promote
mentor participation. Three were left as optional (Q11D, Q13D, and Q14D) since there
was not enough evidence to neither accept nor reject.t911D, Q13D, and Q14D
correspond to the claim that program partici
job security, promotion opportunities, and better remuneration packages, respectively.
Finally, a potenti al c sporkorghip and dmmitmentte e pt i on
the apprenticeship program (Q18D, Q19D) were accepted as elements that promote

participation.

5.1.57 SectionE conclusions for proposed apprenticeship program

For section E, the data indicates that the proposed system engmaentoring
program may enhance innovation and knowledge transfer. The findings also support the
claims that the systeithinking skills to be developed in the apprenticeship program

could promote enterprise innovation and knowledge transfer.
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5.27 Summay of dissertationresearch questi@gand answers

The objective of this study was to answer the original research quésfar:
type of costeffective developmental program can successfully train system engineering
professionals by promoting enterpris@dvation and while providing an institutional
knowledge sharing mechanism that ensures sygtarking skills are transferred from

generation to generation?

In order to answer thmain researcljuestion and any stdpestionsthis
dissertation researchrned to the literature to develop a captcel mentoring
framework model that isuitable for system engineering professionalstaatfoments
innovation and knowledge transfer. Once the model was developed, a survey instrument
was conducted to validate mvalidate every aspect of the proposed model. A summary

of the researchuestions and answassprovided next

Main research question: What type of program can be used to promote innovation and
knowledge transfer in system engineering organizationsWas found that a formal
mentoring program via experiential learning that develops systerking skills in the
workforce accomplishes both of those gpalmely promotingnnovation and

knowledge transfer

a. Howcan an organizatioselect potential paicipants that are likely to succeed in
these programsP? It was found that it is possible to use the cognitive, engineering
and behavioral characteristics describe(Frank, 2006 s a selection

mechanism for the proposed apprenticeship progfé.only characteristic that
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could not be confirmed nor rejected was the cognitive competence of an engineer
that allows the engineer to understand a new system or capm@ppresentation.

This was left as an optional characteristic to be considered.

How can an organizatioselect potential qualified mentors for these prograins?

It was found that it is possible to use concepts from other fields, synthesized in the
work by (Wanberg et al., 2003) orderto derive mentor characteristics that are
relevant for sy®m engineering apprenticeshipssummary, a mentor must:

have good communrétion skills, have the willingness to mentor, have proven
experience in systems engineering, possess good leadership skills, possess good
assessment capability, be able topada the need of the mentebs, flexible.The
survey could notlearly accept or reject the need for the mentor to have a formal
system engineering certification by an indegemt system engineering agency;

therefore, this characteristic was left as optional

How often does the mentoring interaction should occur for the expetientia
program to be effective?The research in this dissertation suggests tha8 to
hours per weekrovidethe participants with the balance needed in order for
maximize learning in the apprenticeship progieamd still develop thoughts and

ideas on theiown.

. What program characteristics or outcomes promote mentee participdtioh@
research in this dissertation suggests that it is important to emphasize for mentees

the concept that they will beamning handson experience, improvinipeir
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f.

systemthinking capacity improving their system engineering competences and
performance in the enterprise, improving their image and exposure in the
organizationand improving their chance for promotion as well as further
opportunities for advancement in the orgati@a In general it was found that
portraying the apprenticeship program as a program that helps mentees define an
advancement plan and define their individual career goals may promote

participation

What program characteristics or outcomes promote megddicipation?i The
research in this dissertation suggests that it is important to emphasize for mentors
the concept that they will be helping a youngalfeague gaining recognition in

the organizationimproving organizational communicaticand trangerring

important institutional knowledge in the enterprigegeneral it was found that
portraying the apprenticeshpogramas a progranthatcontributes to the

professional development of younger peers, contributes to the transfer of
knowledge withirthe organization, and contributes to solidifying institutional
memory in the organization are elements that should be promoted. Additionally,
one last key element that should also be kept in mind is that the program should

be promoted as a program of suggien and not replacement.

What corporate environment promotes workforce participation in this type of
programs?i The research in this dissertation suggests that it is impdotazil
potential participants to perceive the program as a programasdiilhcorporate

commitment and corporate sponsorsisip that it is seen as serious enterprise
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investment in their workforceherefore, the apprenticeship program should be

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

What are the benefits of system thinking development for enterprise
transformatior? i The research in this dissertation suggests that the proposed
systemthinking apprenticeship program for system engineering professionals
may promoteenterprisennovaion and knowledge transfer in a given

organization.

Additionally, sincethe systenthinking apprenticeship program for system

engineers adopts tlsgstemthinking elementsn (Davidz & Nightingale, 2008, p. 9)

as the traits to be promoted in the prograire role of each dhosetraits was also

explored. e research in this dissertation suggests somesé thystenthinking

skills promote innovation, some promote knowledge tranafet,some promote both;

sub-questions h and i, present the results:

h. What systenthinking traits promote enterprise innovationhe research in this

dissertation suggests ththe following systenthinking elements promote
innovation: thinking broadly, curiosity, questioning, opamdedness, tolerance

for uncertaintyandthinking outside the box.

What system thinking traits promote knowledge trangférf?e research in this
dissertation suggests that the following systemking elements promote

knowledge transfer: questioning, communicatemgstrong interpersonal skills.
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In summary, te major element®r the proposed programere derivedrom the
research questions é&from theanswers to those questiofi$ie final proposed system

thinking apprenticeship program and its main elements are depidtegline 19.
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60




5.317 Research limitations

5.3.17 Limiteddata on mentang programs insystems engineering

One of the limitations of this study is the lack of research on mentorship programs
in the field d system engineering. The literature contains extensive work on mentorship
programs related to nursing and medicine as well as education; however, mentorship
research in the field of system engineering is still immature, especially in the field of
experiatial learning.This is seen as an opportunity for future research isysEems
engineerindield. Davidz, Nightingale, Martin, Frank and other researchers have
conducted empirical stue on the development of systéinnking for novicesystem
engineemg professionals; however, there is still the need to conduct similar studies on
more experienaementors and assessors. The need for more empirical research for this
and other system engineering topics is highlightatienresearch bfvalerdi & Davidz,
2009) The authorexplain how more empirical work is needed to add to the body of
knowledge oystem engineeringConducting empirical researchsystemshinking
and systems engineeriiggalsoseen as an opportunity for future research
As mentioned before, there is empirical system engineering research related to the
developmenbf systemthinking in the workby Davidz, Nightingale, MartinandFrank
however, such research focuses on the candidates and mentees, not the dssessors.
important to recognize thabnducting empirical studies on mentors and assessors could
prove to be a daumg task since the availability of such subject matter experts is limited
at best. These individuals usually work multiple programs and multiple tasks, and they
are always in high demand. Additionally, even if they were willing to participate in a

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

precisely whytheimmediate need to develop younger compgpers irthesystem
engineerindield is highlighted Such developmental prograrase seems critical fo the

future sustainability of mangnterprises, especially those enterprises highly dependent on

the systenthinking skills of their workforces.

5.3.21 Humanresources role othe poposed apprenticeship program

Another limitation in this dissertation relates to the role of Human Resources (HR)
on the selection process of individuals for the apprenticeship prograproposed
apprenticeshiprogram focuses on a pool of system eagis that are assumed to be
already working for a given enterprise, arat in the context of new hiredowever,as
explainedn (Marsden, 1994)most enterprises use recruitment methodologies that
consider both internal and external applicants for any giesitiors; some otthe
advantages and disadvantagestdrnal and external hiringre outlined in(Bidwell,
2011)

Regardless of the program being for new hires or for existing emp|diees
human resources department should always be involved in any hiriresgiamcombat
prejudice and to ensure a fair and balanced prdfessey, 1994)In fact, as illustrated
in (Savill, 1995) HR plays an evegreaterolein larger companieecausdt is within
theirinternalhiring proceseswhere mostssuesmay occurThe research b8avill
describes the need for some large companieserhaul their recruitment processes in
order toencouraggromotion opportunities arfdcilitateinternal transfer amongst

existing employee&l995)
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The role of Human Resources is critical to prevgndiscrimination issues in the
selection processf candidates for the proposed programaddition to legitimatizing the
selecton process(Huntea, Cushenbery, & Friedrich, 2018)ggestheinvolvement of
HR is alsocritical in thedevelopment of screening mechanssshcandidates, since it
ensures the recruitment of the most qualified and talentidduals

This dissertatiomproposes the utdation of the cognitive, engineering, and
behavioral competences (Brank, 2006)asimportantcharacteristics to consider in the
selection process of individudlsat ardikely to succeed in the proposed program
Additionally, this dissertation proposes the mentor characteristics descrii@dnberg
et al., 2003ps the basiotselect appropriate mentoksowever,the mehanism to assess
if potentialcandidates possess those characteristics needs to be developed in a manner
that isconsistent witt h e e n tH& gydelines andasnpliant with workplace rights
and employmenaws.

The proactive involvement of HR in the selection process mechanism ensures
guidelines are followed by outlining limitations on questions that are permitted to be
askedODI, 2010)andprovideprocess oversight during the final selection assessment of
selectedhpplicantqHunter et al., 2012)

Figure 20 captures a summary of the relevant Equal Opportunity Employment (EOE)
Laws and a list of the protected categories describédin, 2010) Those Laws and
protected categorignust be carefully considered during the selection process of

candidates.

63



List of Relevant Equal Opportunity Employment List of protected categories
(EOE) Laws |\
- Title VIl of the Civil Rights Act of 1964 (Title V1) / [ SexiGender | [ Political Affiliation |
- The Pregnancy Discrimination Act | | | |
Religion Parental Status
- The Equal Pay Act of 1963 | )
- Title | of the Americans with Disabilities Act of 1990 (ADA) I/ | Color | Marital Status |
- Sections 501 and 505 of the Rehabilitation Act of 1973 | National Origin ]
- The Age Discrimination in Employment Act of 1967 (ADEA) l\ Race | Genebic informabon ‘
- The Genetic Information Nondiscrimination Act of 2008 (GINA) L - :
) . ) exua Retaliation for participation
- Uniformed Services Employment and Reemployment Rights Orientation in a protected activity or
Act (USERRA) I\
group
- The Civil Service Reform Act of 1978 (CSRA} | V
‘ List of protected categories

Figure20: Equal Opportunity Employment and protected categories

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

should be involved.

Processes in which Human
Resources should be involved

PROGRAM DEVELOPMENT FINAL DECISION AND
ASSESMENT
Program Goals and Definitions Final assessment of
‘ candidates ‘
INPUTS Selection Mechanism and OUTPUTS ‘ Final Decision of selected
Evaluation candidates
Frank’s Characteristics of
candidates likely to succeed | Documentation of all
Assessment tool and

related processes

questions for potential

mentees Question boundaries — —

Official communication

Assessment taol and with candidates to inform
Evaluation criteria

questions for potential program acceptance
mentors

Important mentor
characteristics defined by
Kram and Wangberg et al.

[ HR Guidelines and

P Official [ Official communication |
’ Potential interview communication with candidates to inform
process process program rejection and
Employment Laws and any required feedback
Regulations
Communication process Hiring processes for
candidate
(Internal or External)
ASSESMENT TOOLS
‘ Employee records ‘ ‘ Employee Resume ‘ ‘ Certifications |
Interaction with Interaction with Interaction with hiring
employee's manager selection panel manager

Figure21: Human resources processes for proposed program
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In summary, HR should be included in the development of the selection
mechanism for candidates, the implementation of the selection process, and in the final
assessment that results in the selection of catesdor the program.

Figure 22 depicts the incorporation of HR guidelineghe selection process of

participantdor the proposed apprenticeship program

: Human Resources should be invelved |

| Inthe candidate selection process }

_)'__'——‘-___ H"'\-\.
.r/’--/ \\‘.
MENTORS/ — MENTOR SELECTION | a4loted from t ntorl h
A ORS - PROCESS { ?ptad rom the mentoring researc
— f; by Kram and Wangberg et al.)
y /
£ /
re /" | PROGRAM CHARACTERISTICS
SYSTEM v CANDIDATE SELECTION PROCESS e - Frequency of interaction
ENGINEERING / (MENTEES) ) - Participation promotion
WORKFORCE {Based on Frank’s characteristics /. - - Corporate Environment
'\\ of candidates likely to succeed) | —
~—_ e i L
T EXPERIENTIAL LEARNING
SYSTEM THINKING TRAITS TO Workforce characteristics ENTERPRISE
PROMOTE needed for enterprise TRANSFORMATION
competiveness and
| Thinking broadly |\ sustainability
Curiosi
| ty H§H System thinking traits innwli:lg‘:l.'tmough
[ Questioning > associated with
: . axperiential
- | — | innovation iy
| Open-minded ning
| Communication >(
: Promote
| Tolerance for Uncertainty E\H System thinking traits knowledge
T e | associated with » transfer through
| Strong interpersonal skills - knowledge transfer experiential
[ Thinking out-of-the-box training

Figure22. Human resource®le on candidate selection process
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5471 Conclusion
The importance oéxperiential learning in systethinking development for
professionals is supported by the literature. As part of their investigation, Davidz and
Nightingale examine current availalgprograms for system thinking development. They
find that enterprises are using conventiona
training to devel @p08 »\YI@T reen gutolf erss i ®onrad Isu de
emphasis on experiential learning in the data suggests that purposeful experiential
opportunities should be considered in development programs for systens prof®@ n al s 0
(Davidz & Nightingale, 2008, pp. 1@1). The findings of thiglissertation are in line
with the authorsdo per spec texperientialleasnmgbey wi t h t
used to foment system thinking learning capabilities in system engiheéfsuufman,
Beghetto, Bar, & Ivcevic, 2010, p. 381gnd when referring to experiential learning,
researchers in the knowledge acquisition field capture it best by quoting thee of
founding fatherssi 6 Te | | me and | forget, teach me an
| | éBenpamin FranklI|l ino.
In conclusionthe research in this dissertatimlicates that encouraging system
thinking development viaxperiential learning is of benefit s5ystem engineering
organizations since it promotes innovation and enhances knowladgéet. These types
of developmental programs are also of interest to enterprises looking to invest in training
methodologies for their workforce in order to spark transformational changes that focus

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

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

proposed apprenticeship program for system engineering professionals.

A.li Systenthinking development

In their researchDavidz and Nightingale highlight eight critical traits thabsld be
promoted during the development of system engin@é&38) and Frank proposes a
process to adequately select candidates who are likely to succeed in prdgitams t
promote systerthinking (2010) The research by Davidz and Nightingale focuses on
enabling factors that promote system thinking. They particularly $aadors that rapidly
promote the Adevel opment o f(Davigz& Nightingaden gi neer s
2008, p. 1) The authors conduct an extensive field study in the aerospace industry and
identify individual characteristics that promote system thinking development in system
engineering professionals. Those individual characteristics can be fo(Davinz &
Nightingale, 2008, p. 9nd are listed next:

1) Individuals who think broadly (Thinking broadly)

2) Individuals who are curious (Curiosity)

3) Individuals who questiofQuestioning)

4) Individuals who are open minded and receptive to new ideas {@peledness)

5) Individuals who have good communication skills (Communication)

6) Individuals who have tolerance for theaertain (Tolerance for uncertainty)

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

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

as the skills that need to be promoted during syskemking development in engineers.

A.21 Candidates Selection Process

Investing in workforce development is no different than investing in infrastructure
or technology;n fact there are those who argue that human capital is the most important
element of an enterprise capability.(8hijin, Gopalaswamy, & Acharya, 2012he
authorsdevelopeda model based dhe previous work by Campbe(ll996)to investigate
the effects of human capital on the behavior of stock prices in Indian markets
aut hors conclude that huma factocadfqrtingthelprice nv est me
of securities.o Moreover, they suggest that
prices and (Shignkebal, 2012 © d5F)e 0

In the context of enterprise market adaptation and cost reducticegstsatother
researchers suggest that investing in the labor force is an enabler for efficiency and
productivity. They I ist workforce devel opmen
e ngi n eg@ppdanheigmpMurman, & Secor, 2011, p. Aedless to say, the ultimate
goal is to develop successful and cost effective strategies that enhance workforce
capabilty; thereforepartof the equation in thenterpriseadaptation procesaust
incorporateraining strategies that focus on makisgart ecisions to invest wisely. This
means that companies looking to enhance their human capital potential must be able to
identify individuals that are likely to succeed in specialized developmental programs that
require substantial investmeit.order to implement a workforce development strategy
that adequately addresses the need for enterprise transformation, it isunystoexus

on the workforce population that is likely to be successful.
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Focusing on individuals that are likely to succeed ensures that the enterprise
resources allocated for these programs continue to be justified, especially as corporate
sponsors cattuct return on investment analyses. After all, the ultimate goal of the
enterprise is the enhancement of its capabilities to maximize profits and to stay
competitive. These fireturn on investmento p
are also releva to system engineering organizas@s suggested in the work by Smartt
and Ferreirg2012, p. 148)Research on system thinking and experiential learning
emphasizes the importance of identifying system engineering professionals that are likely
to succeed in programs focusing on system thinking develogiDawidz & Martin,
2011; Frank, 2006, 2010; Kasser et al., 2013)
| n t h eDefmiagraestraggyifor development of system capability in the
workforce 6 t he authors describe how more enterpr
skills in their employees in order to meet their goals and objedasdz & Martin,
2011, pp. 144145) Furthermore, Davidz and Mart{2011, pp. 144145)describe
various ways to develop these system thinking capabilities:
Methods used to develop individual systems capability include: training courses,
job rotation, mentoringhandson experience, harpicking of individuals for key
projects, university degree programs, customized educational programs,
combination programs, and certificate programs.
Davidz and Marti(2011, p. 145highlight the importance of adequately
selecting indpoitenalial wiih dhdgh to Afocus ¢
They go on to describe how this method positively affects iddats who get

Apersonatualidt Wi ght enti ono during their trai
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drawback for this methodology relates to the
in the selection process of qualified candidates. Thaglade by recommending that the
Acriteria by which they ar e(Davidon&Marin,shoul d be
2011, p. 145) Frank weights in on this subject by examining which attributes should be
considered when selecting individuals for system thinking development. In his research,
Frank studies the system thinking capacity of engineers. He refers to this concept as
Capacity or Engineering System Thinking (CES(Frank, 2006)As part of his
investigation, Frank2006)conducts three studies and arrives at three conclusions that
are of interest tthis dissertation:

I.  He identifies and ranks ten general cognitive characteristics of engineers with

high CEST.
Il.  He highlights the abilities of enggeers with high CEST and points out how

those abilities are useful in the various phases of system development.

lll.  He lists and ranks six behavioral competences of successful system engineers.

This dissertation investigatesthet i | 1 z at i (B006)tlrde sedisrofa n k 6 s
characteristics as the criteria to use in the selection process of individuals that are likely
to succeed during system thinking developmEat.the cognitive characteristics of
candidates, a set of surveys or interviews can be conducted with potential candidates and
with previous managers of those individuals as part of the initial assessment process. The
interviews with managersan bensightful and useful in the assessment processsich
stepcanalsob®# potenti al i ssue since a managerodos p
subordinates is not always objectit@r the framework development, the main

recommendation is fdhe cognitivecharacteristics of candidates be assessed only as a
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function of the individuals experience and in a series of interviews with the selection
panel

The second set of skills proposed by Frank relate to the abilities of engineers with
high CEST andtoth@idi vi dual s6 participation in vari ol
Thesecharacteristics can be objectively assessed by looking at the various programs and
the various project phases in which the candidates have participated; Special attention
shoudbegien to the abilities that apply to all
using simulations and system engineering tools, optimizing, using systems design
considerations, an dFrankg 2006upc 97)Fimally, thetheddset st udi e s
of characteristics recommended by Frank capt
individual characteristics that are likely make that person a good candidatesj@mtem
thinking developmeninterestingly, these six characteristics are in line with the set of
system thinking traits researched by Davidz and Nightin@&le8) Figure 23 illustrates
how the behavioral characteristics identified by Frgg@06)can be mapped to the
system thinking traits for development in system engineering professionals researched by

Davidz and Nightingal€2008)

Frank& Behavioral competences and individual Davidz and Nightingaled traits for
traits the development of system
Management skills (team leader, building and thinking for systems engineers
controlling the work plan, defining boundaries,
considering non-engineering factors, additional Thinking broadly ‘
management skills)
- 7{ Curiosity ‘
Good human relations: Team player; good
communication skills, good interpersonal skill Questioning ‘
‘ Autonomous & independent learner; strong learning >{ Open-minded ‘
skills ‘

Communication

‘ Willing to deal with systems

l{ Tolerance for Uncertainty ‘

‘ Curious, innovator, initiator, promoter, organizer ’4 Strong interpresonal skills ‘

Thinking out-of-the-box ‘
‘ Ask good questions }Z/

Figure23: Traits for development of system thinking for system engineers
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In another paper, FrarfR010)continues taesearch ways of selecting individuals
that are likely to succeed in system engineering positions. The author develops a tool that
can be used for the initial assessment of system engineering professionals with high
CEST(Frank, 2010)Frank suggests thato o | can be used to Apredic
who can succeed and r ej(Erank 200y m $6&)Ths\sho ar e | i Kk
dissertation focuses dhe studies by Frank (2006, 2010)the main recommendation is
for the selection process of individuals for appregghip programs be based on the
assessment of the three characteristics described in those studies: General cognitive
characteristics, abilities of engineers with high CEST, and behavioral characteristics of

individuals.

A.31 MentorMentee Dyads

The rok of a good mentor is critical in the learning process. A perfect example
takes us back to Ancient Greece and the great philosophers of that era: Aristotle was
Pl at obs prize sSoucdreantte,s 6a Athoufhl eacrsocamdegsite .
thattheywere extremely talented individuals and perhaps some gfréatest thinkers of
all times. This example confirms timaportance of the teachstudent relationshijs
critical to thelearning processt can also be seen hahe teachings of the mamtare
absorbed by the mentee and expanded by the a
result translates into a cumulative acquired expertise shaped by knowledge and
experience that adds to the body of knowledge of a given field of study. This concept is
supported in the research work of @piuller and Van Dyn€2013) In their research

about proactive élping and mentoring, the authors describe how firms can create
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mentoring programs in their organizations in order to promote learning. They also
recommend being aware of the risks associate
of creating dysfuncti n a | dependenci es o bdgSpitzmdlar& ment or s
Van Dyne, 2013, p. 574The authors suggest that the most important goal in the

apprenticementor relationship focuses on successfully transferring skills from one

person to another, all within a balanced environment tioagtes independent thinking

for the student and always guarding against mentor/mentee dependencies. The objective

is to promote learning and knowledge transfer, not to end up with a clone of the mentor

and most experienced system engineering professional.

An analogy comes to mind when explaining this relationship: the point is to water
the garden with the appropriate irrigation system and trim the branches that need
trimming and allow for the plant to grow on its own. Similarly, the role of the mentor is
to teach and guide and then allow the student to arrive to conclusions on his/her own. It is
by this process that innovation is promoted. The student may find new ways of doing
things, perhaps more efficient, perhaps cheaper, perhaps faster.

Up to thispoint, thegeneral traits and characteristics that should be enhanced and
promoted in developmeaitprograms for system engineering professiohailge been
identified. Additionally,a candidate selection processe toidentify and select
individuals thatare likely to be successful in these progréyas also been proposdd
thefollowing sections, the role of the assessors and mentors in developmental programs
is exploredFirst, the characteristics of good mentors for these types of programs
identified, and secondly, the program characteristics i@t encourage mentors to

participate in the apprenticeship prograans also considered
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A4 Mentor Selection Process
Adequately selecting candidates that are likely to succeed in experiential learning
programs is only part of the equation; selecting appropriate mentors and assessors for
these programs is equally impartalThe framework development research contirlues
first examining general mentoring functions from the perspectives of both memdors a
menteesand by assessing tleatical mentor characteristics needed in order to perform
those functions. Finallyg mentor certification program proposed in orddp assesthe

mentod qualifications for system thinking mentoring.

A.4.17 Conventonal Mentoring Functions

The literature is replete with research on mentoring relationships; however, Kram
is the researcher credited for conducting th
relationships in modern organizatignd=o wl er & OO0 Gorlmleen, 2005, p.
research, Kam conducted an empirical study based on 18 menérgor dyads. As part
of her research findings, she identified two general characteristics of mentoring functions:
Career functions and psychosocial functi¢t@30, 1985)The author defines
sponsorship, exposure/visibility, coaching, protection, and challenging work assignments
as career mentoring functions; Additionally, Kram defines role timogle
acceptance/confirmation, counseling, and friendship as psychosocial mentoring functions
(1980) Krambés work was expanded in an empirica
(1990) who proposed two additional psychosocial mentoring functions to be added to
Krambs model : soci al and parent mentoring fu
(1992, 1997pand Raabe and Bee(2003)validate the pioneer research by Kram, Ragins,

and McFarlin(1980, 1985; 1990 synthesis of the most important empirical mentoring
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studies was developed (Wanberg et al., 2003)In their work, the authors anabyover

90 empirical studies related to mentoring and develop a conceptual framework for formal

mentoring program@/Nanberg et al., 20037 his dissertation also identifiesd

references otheesearch work on formal mentoring dyad relationships that premote

positive outcomes for both mentees and mer{idanberg, Kammeye¥iueller, &

Marchese, 2006; Wanberg, Welsh, & Kammeltreller, 2007) Figure 24 captures the

conventional mentoring functions progression from 1980 to ZDIO&.conventional

mentoring functionspecified bywanbergWelsh, and Hezle{2003)have been

validated by over twenty yeao$ research; hence, such mentoring methodologies are

used to develop the conceptual framework model for buildiognaal agrenticeship

program for systerthinking development

Scandura (1997)

Caraar
development

support

Raabe and Beehr
{2003)

Empirical studies Synthesis:
Wangbarg Et al (2003)

I ™ Career development
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| |
| Career L
| development |
|
|
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]
I
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Coaching ]
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I
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Role modeling

Acceptance and
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Figure24: Conventional rentoringfunctionsprogression from 1980 to 2003
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A.4.27 Mentor Characteristics

The characteristics of good mentors are not confined to specific fields; therefore,
this dissertation focuses time general characteristics @mor must have in order to
adequately perform the mentoring functions synthesized in the stydydnberg et al.,
2003) These functions are depictedrigure 25. Additionally, severaéssential
characteristics mentors must have in order to be successful in experiential development
programsare derivedand listed nextproven experience and leadership skills, good
communication sKs and the willingness to mentor, capability to adapt and be flexible,

and the capability toandmogress.s pr ot ®g ®s 06

Essential mentoring characteristics

Proven Expertise

Sacial

| Protection |—$
|
assignmants

- — -

Flexibili
wibllity Parent

Conventional Mentoring functions Conventional Mentoring functions
Leadership skills
Empirical studies Synthesis: % ? Empirical studies Synthesis:
Wangberg Et al (2003) Wangberg Et al (2003)

____________ Communication skills Psychosocial support |

: Career development ! | = ?I Role modeling |

1 | Sponsorship Iﬂ—éf. Acceptance and |

1 Willi t &

| | Exposure and visibility IL')I( .y ringness to mentor é conl‘lrma?lun

1 I Counseling |

1 | Coaching %

| ) Adaptability ¥ Friendship |

1

1

| |

' \H |

=4l Assessment capability

NN

Figure25: Essential mentoring characteristics

A4.2.17 Proven Experience
The first mendring characteristic to consider is expertise in the subject matter.
Research suggests that the lack of expertise is a factor that negatively affects mentoring
relationshipgEby, Buits, Lockwood, & Simon, 2004)he authors conducted a study

with a sample of 84 protégés in order to assess negative exqesriwith their mentors.
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The authors highlight | ack of expertise as o
experienceso and conclude that this factor i
performance of mentofgby et al., 2004, p. 414Jhis is also supported in studies that

focus on he selection process of qualified research mentors for clinical and translational
scientistpresented iffFeldman et al., 20097 his study investigates the positive

outcomes of two cohortsf faculty members that complete a mentor development

progr am. One of the conclusions of the stud
ment eeds scienti fi c ulaRrogea expertiseseevesakey t o be su
characteristic in system engineering mentors. Generally speaking, the assessment of the

technical expertise of an individual in an organization can be subjettive. i ndi vi dual 0
gualifications, years of experience,latest performance reviewsan be part of the

consideration process usedaioive at a partial conclusioifihis dissertation proposes

that all of those factors be considered as part of the process; however, as Eby et al.

expl ai n, t hewhereameetor siay nat lze particurady adept technically

(l ack of mentor expertise)o but that person
political connect i o(2084, py416)Toiguard bgaiesttliesegani zat i ©
types of issuest is propose that the expertise of all potentmmlentorsalso be evaluated

through a formal system engineering certification process, which will be presented in the

following sections.

A4.2.21 Leadership Skills
By definition, mentors should possess a good set of leadership skills in order to

adequatly guide protégés during their developmed phases. Basfd and Molberg
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investigate Carnegieds | eadership concepts f
They arrive at the conclusion that fresearch
Car nelge aeddesr s hi (Basford & Malkierg, 23, p. 41fach of Car negi e
leadership principles is related to the career development and psychosocial support

functions described in previous reseaf@lanberg et al., 2003, 2006, 200FHor

instance, good mentor leadership skills are needed to sporsectpassess, and provide

challenging work assignments for protégés to learn. Additionally, psychosocial support

functions such as role modeling, counseling, and acceptance and confirmation are also

traits of good leaders.

A.4.2.31 Good Communication Slg

Anotheri mport ant characteristic of a good me
to communicate with his/her protégé. Not only is it critical for the mentor to be able to
communicate important technical matters, but it is also important for thesastebe
able to effectively communicate néechnical issuef.. Anderson, Silet, & Fleming,
2012; Butler & Cuenca, 2012Additionally, it has been shown that protégés can benefit
from acknowledgement that the tasks have been done correctly, but the apprentice can
also benefit from constructive criticism to correct mistakes made when implementing
those task§Butler & Cuenca, 2012)'he assumption for this dissertation research is that
mentors should have the dexterity to communicate the positive and the negative, but all
within a motivational environment that promotes learning rather than an environment of

discouragement that sets the protégé back.
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A.4.2.47 Willingness to mentor

A good mentor has the willingness to mentor. In order to be a good mentor, a
person need®thave the motivation to participate in the development of a younger and
lessexperienced colleague; mentoring is not something that can be compelled, in fact, the
desire to mentor is an inherent characteristic of an individual. Often times, mentorships
are mandated in organizations rather than being promoted in a manner that encourages
people to volunteer for those programs. Reseiar¢hllen, Eby, & Lentz, 2006, p. 144)
shows that people who are forced to mentor are less likely to participate in future
mentoring programs; the authors also indi
key to retaiing willing mentors within a program across ti@Enterprise
transformational initiatives should promote programs for their employees by highlighting
the benefits of those programs not by mandating their employees to participate; therefore,
it is importart that experiential learning initiatives target individuals that have the desire
to mentor. The alternative to consider is that if a person is mandated to mentor, that
person and the protégé are likely to have negative outcomes as dtressatincluded

that a persondés willingness to mentor 1is

A.4.2.51 Adaptability and competencies assessment
These two characteristiese analyzed togetheince they are related to each
other. Contributing to the developmaei a younger colleague requires adaptability and
flexibility on the part of the mentor. Assuming the initial mentw@ntee match has taken
place, the dyad relationship will eventually require both parties to assess and adapt. Even
if the developmental pgram is tailored for the apprentice, it is expected for the mentor

to assess how the mentee is progressing through the program so that guidance can be
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provided and so that fAmentors can develop op
(Bradbury, 2010, p. 1054As mentioned previouslynentors need to have the flexibility

to guide while promot i n @ctiedhaed irgividual Way @806 s | ndep
thinking, especially during system thinking developmen{Danford, Yearworth, York,

& Godfrey, 2012, p. 1503he authors describe how system practice can be enabled by
Atraining amdtheyelnd @ rsihg pest tduldalsosuch traini
emphasize the flexibility of the approacho.
amount of feedback as they progress through the various phaseslevé¢t@pmental

program; therefore, the assessors need to adapt to the needs of tleeandr@earious

developmental phaseBhei mpor t ance of the mentor6s assess
the programs also recognized The i nitial prot®g®0s assess me
starting point for the developmental plan; however, the mentor shontthue to

monitor the apprenticeds progress in order t
weaknesses. This assessment and guidance cycle repeats itself until the final assessment

period, at which point the protégés are ready to take tasks omwhei

A.4.2.61 System engineering mentor certification
The mentor skills and characteristics described in the previous sections are
important for mentors of all fields; therefore, a formal certification process to assess the
system engineering capdby of potential menta is also proposed his certification
process would accomplish two goals: First, given the extra step in the process, only
individuals who already have those qualifications or individuals that have the desire to
mentor would apply fothese types of programs. Second, the inclusion of an independent

entity in the certification program would mitigate the type of biasing described in the
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literature(Eby et al., 2004%ince an individual would either be certified or not, as

opposed to being chosen due to political connections in the organiZdtisriormal

certification pocess is an ingredient thaiuldbe added to the qualification process

which should also include lookingtath e i ndi vi dual 6s academic qua
experience, and latest performance revidwg¢Davidz & Martin, 2011, p. 147)

researchersuggest that there are various ways to certify system engineering proficiency,
which include academic @éitoinfsi, ®@atainan $i,or iamd iz
certificatonsd A | i st of system engineering certifi
authors highlight the International Council on Systems Engineering (INCOSE) as a good

source to find appropriate certification pragrs in system engineering. The individual

certification process presented(ibavidz & Martin, 2011)s of relevance tthis

dissertation The utilization of he INCOSE multilevesystem engineering professional

(SEP) certification programould berecommended faihe selection process of potential

mentors. There are three different SEP certification levels: ASEP, CSEP, and ESEP,

which correspond to Associate, Certified, and Expertification level{INCOSE,

2013) This dissertation proposesnly individuals with CSEP and ESEP certifications be
considered as potential mentors for system engineering apprenticeships, and in some

cases, depending on the scope of the projects anditaskecommend that only

individuals with ESEP certification be considered as potential mentors for more

specialized program3he need for enterprises and system engineering organizations to

invest in these certification programs for their workforiseslso emphasizedinally,

this dissertatiomecommendthe endorsement of these certifications in systems

ergineering organizations. This dissertation agbors enterprises to adopt a reward
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and remuneration structure that takes into account these formal certification prémesses

system engineering professionals.

AS51 Critical Program Characteristics
In the conceptual process model of formal mentoring propmgéd/anberg et

al.,,2003,p.92) the authors | ook at #Aproxi mal outcotl
result from formal mentoring. For protégés, the authors suggest that the extrinsic distal
outcomes relate to promotions and compensation,temnishtrinsic outcomes relate to job
and career satisfaction. For mentors, the implication is that the extrinsic outcomes also
relate to promotions and compensation but to a lesser level. From an enterprise point of
view, the authors argue that these typlesrograms positively affect enterprise
commitment, retention, communication, succession, institutional memory, and
productivity and performand@anberg et al., 2003By examining the distal outcomes
proposed in the literature for both protégés and mentors, two important characteristics
that make apprenticeship programs more appealing to the particpartighlighted

1) Clear and defined adncement goals for the prot&g

2) An atmosphere of succession rather than replacement for the mentors

A.5.17 Protégés: Advancement and Promotion

In the conceptual process model of formal mentoring propog&danberg,
Welsh, and Hezle{2003,p.92) t he aut hors examine fAproxi mal
outcomeso that result from formal mentoring
formal mentoring as a potentimle ans f or advancing and individ
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(Wanberg et al., 2003, p. 90)hey suggest career advancement and pronms#ce

enhanced by participating in formal mentoring. This is also supported in the work of
Gosh and Reio, who argue that mentoring outcomes for participants include
Acompensat i on(Ghoshd Rpio, 20dBa,tp.i 1L0Mtier studies also

suggest that protégés that participate in mentoring programs edaikevy increases,

faster promotions, and faster advancement in their organizgBoowne Ferrigno &

Muth, 2006; Egan & Song, 2008; Ensher, Thomas, & Murphy, 2001; Ghosh & Reio,
2013Db; Russell, 1991; Waters, McCabe, Kiellerup, & Kiellerup, 2002)

Since a plethora of studies have validated advancemdrgramotions as positive
outcomes for protégés participating in formal mentoring relationsthigslissertation
recommendthat this program characteristic be used to promote participation of younger
system engineeis developmental mentoring programbhis dissertation alsexhors

system engineering organizations to look for other positive outcomes to promote in their

formal mentoring programs to encourage participation.

A5.27 Mentors: Succession and not replacement
In (Wanberg et al., 2003positive outcomes for assessors who participate in
mentoring programare validated Promotions, compensation, career satisfaction and
recognition are some of these positotecomes for mentoi®Vanberg et al., 2003)
However this dissertation research focusesprogram characteristics that may
negatively affect atopaditipateihafarial meataringppr 6 s deci s
program. The main assumptiontigat system engineering experts are well remunerated

and have a high level of recognition within the organization; therefwedpcus is on
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aspects that can tianbfgob fecutityo Asenterpeiset or 6 s per cep
transformation takes place as the result of challenging market conditions, companies are
forced to go through workforce reduction episodes to meet short term goals related to
lowering operationabudgets However, thesshortsighted goalsre in fact detrimental

for the enterprise in the long run. One of these decisions relates to the short term
necessity to cut costs, and it is easier to keep a young engineer who is at the beginning of
his career and earns a fractidrtlee salary of an expert professional with 30 years of
experience. Additionally, individuals that have been with a company for many years have
accrued more vacation days and better benefits; so in general terms, these individuals
become a commodity durirghallenging market conditions, especially if there is not

enough work to keep them busy. The only bargaining chips for the expert professionals
are their experience and the knowledge accumulated over decades of dedication. Hence,
why should they share thenowledge with a younger engineer that could be seen as a
potential competitor threatening their job security? Although the question is rhetorical in
nature, this is a valid point from the mento
times. For istance, during recent times the topic of sequestréfionk, 2013yesonated

in all enterprises, and many companies had no choice but to layoff valuable employees.
After a company goes through a wave of layoffs, remaining employees are less likely to
share their expertise with other peeiace it was probably that expertise that kept them
employed in the first place. Researchers in the field of knowledge sharing argue that this
type of conflicts of interest are not unusual and suggest various ways to mitigate the
negative connotation ofteassociated with knowledge transfgang & Wu, 2006)1t is

then recommended to focus promoting a program of succession rather than
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replacementThe conclusion is thatystem engineering developmental programs can
only be successful if the program qualifieselt as a program of succession rather than a

program of replacement.

A.61 System Thinking Development for Enterprise Transformation
The last aspect dhe framework conceptual model developmexylores the
effects of system thinking development oneeptise transformatiowo main benefits
that result from training the workforce via experient&drning developmental programs

are examinednnovation enhancement and knowledge transfer.

A.6.17 Innovation for enterprise competiveness enhancement

Researchn (Siddiqui, 2012, p. 353hows that workforcdevelopment has
positive outcomes for enterprises. Siddiqui
related to the organizational productivity since implementation of creative ideas and
i nnovations do i mpr ov e Intthe eontet ofgystemsz at i on all o u
engineering mentoring, when younger engineers begin to develop system thinking skills,
they use their own experiences and knowledge and begin to find innovative ways to solve
complex problems. For example, younger engineers have grown ujeexpe
technological advances never experienced before, so that gives them an edge in many
aspects. Now, experienced (and older) engineers have accumulated a set of skills that
allow them so see the big picture, but sometimes, they are so used tchdaisgrt a
particular way that innovation opportunities are missed. Training younger engineers and
allowing them to propose and explore different possibilities translates into finding cost
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effective solutions to complex problems, which in turn enhancepeiveness in the

market place. In the next section, an artimfg§Marcinkus Murphy, 2012 cited. The

article focuses oreverse mentang. Reverse mentorinig a perfect example of

innovation at its core. The concept is simple: younger engineers mentor older (more
experienced) engineers to promote innovation. Other authors highlight the mentor

protégeé interactions as a successful strategyeate innovative products. They refer to
engineerstechnicians and scientists asp e ebpalsee d r esourceso and sug
thus reasonable to conclude that people resources are very important to process

i nnovat i d¢Parthasarathy,dHsiand) & Ariss, 2011, p..68)ey suggest that

knowledge transfer plays a critical role on innovation.

A.6.27 Knowledge sharig for enterprise sustainability

Anotherposiive outcomeof experiential learning mentorship programs is
knowledge transfelhe literature is replete with studies about the effects of knowledge
sharing on enterprise sustainabili§hristopher & Tanwar, 2013; Foo, Ng, Lee, & Gan,
2012; Mohammadi, Khanlari, & Sohrabi, 2010; PeBeitero, AmayaMelendrez, &
BarceloValenzuela, 2013) All these studies suggest that knowledge transfer and
knowledge management are essential for an organization to maintain its competitive
edge, especially during challenging market conditions. A stlilgamvliedge sharing in
the system engineering field also highlights the importance of knowledge transfer:
Fagerstdm and Olson conducted a study on knowledge management for product
devel opment and they suggest thaits knowl edge

di fficult to force kr2008|pe2dayTeeyalsodiscgsétow on s o
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knowl edge transfer is critical for enterpris
foster knowledgén organizations, all attempts to gain new knowledge must be fostered,

even if they sometimes fdiFagerstrom & Olsson, 2002, p. 278ditionally, system
engneeringresearchers (Davidz & Martin, 2011; Davidz & Nightingale, 2008yree

that apprenticeship programs are an effective way of transferring knowledge from most
experiencd professionals to junior anless experienced professiondswever, one

concept thatd seldom considered is thessibilityof knowledge transfer from tHess

experienced individuab themost experienced professionghowledge sharing theory

emphasizes that knowledge transfer is not unidirectional but rathienahgoal is to

transer knowledge in all direction$. n  t h e Resersé mentbriag afiwork: fostering
crossgenerational learning and developing millennial leage(Marcinkus Murphy,
2012)describesiow knowledge is not unidirectional and researches a scenario where it is

younger and less experienced employees who mentor older (and more experienced)

peersThe author describdsow fir ev er s e moeative and cogftectives an 1 n
professional devel oping tool that capitalize
(Marcinkus Murphy, 2012, p. 550y he authas seehis concept not only as a tool to

transfer knowledge in the workplace, but she also sees reverse mentoring as a cost

effective model to enhance innovation.
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APPENDIX BT Survey instrument sent to participants

B.1SurveyTitle and instructions for participants

SURVEY TITLEssessment of formal mentoring programs suitable for system engineeril
professionals

Purpose: For the assessment of system-thinking development via formal mentoring in experiential learning programs. \W¢
study the role of such programs on enterprise innovation and knowledge transfer for enterprise sustainability.

General Directions:
A. Fill out demographics informatigRlease fill in all the applicable information)

PART A- Demographics

B. Mentee/Apprentice: Selection procg$3easeselect the choicehat best describes your opinion)

PART B - Mentee Selection Proc|

C: Mentor/Assessor: Selection procéBtaseselect the choicehat best describes your opinion)

PART C - Mentor Selection Proc

D. Program characteristics that promote participat{@teaseselect the choicehat best describes your opinion)

D1: Select the appropriate choice for frequency of interaction between mentors and mentees

D2. Select the choice that is more likely to promote mentees program participation

D3: Select the choice that is more likely to promote mentors program participation

D4: Slect the choice that best describes your opinion about a corporate environment that promotes patrticipation

PART D - Program Characteristic

E: System thinking and enterprise transformatifeaseselect the choicehat best describes your opinign
E1. System thinking and its role on innovation and knowledge transfer
E.2 System thinking traits and innovation and knowledge transfer

PART E- System thinking benefit

Strongly Neither Agre: Strongly
BRIEF TUTORIAL Definition Field disagree| Disagree| nor disagree| Agree | agree Selection count
This field will turn green when an™
EXAMPLE is placed irone of the selection
fields.Try it 0

102



B.2Part A Demographics questions

PART A:Demographics

DEMOGRAPHICS

Comments/ Recommendations

Years in systems engineering

Years in systems engineering sub-discipline

OR —

Name of sub-discipline (if applical

le)

Highest education level (BS, MS, PHD)

Title

Organization size (# of employees)

Mentoring experience

Y/N

Have you ever been mentored in system engineering?

Have you ever mentored someone in systems enginee

ring?
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B.3Part B: Mentee selection process

PART BThe following individual competences should be considered isdhection process of Mentees/Apprentic@s

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATHE®DEWNITION FIELD WILL TURN GREEN WHEN
IS PLACED DNEOF THE SELECTIONS)

Competence Type

Potential Mentees/Apprentices with the following characteristics are likely
succeed in system-thinking development programs?

Strongly
disagree

Disagreq

Neither Agree nor
disagree

Agree|

Strongly
agree

Understanding the whole system and seeing the big picture

Understanding interconnections

Understanding systems synergy

Understanding system from multiple perspectives

Thinking creatively

Cognitive Understanding system without getting stuck on details and tolerance f

RS ambiguity and uncertainty
Understanding the implications of proposed changes
Understanding a new system/concept immediately upon presentation
Understanding analogies and parallelism between systems
Understanding limits to growth
Analyzing the need
Analyzing and developing the concept of operations
Requirements analysis
Conceptualizing the solution

Engineering Generating the Iogicgl solutiop - functiqnal analysis .
Generating the physical solution - architecture synthesis

competences Seeing the fut

g the future
Using simulations and systems engineering tools
Optimizing
Using systems designs considerations
Conducting trade studies
Good management skills
Good human relations
Behavioral |Autonomous and independent learner
competences |System oriented

Curiosity and innovation

Ask good questions
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B.4 Part C: Mentor selection process

PART CThe following individual characteristics should be considered igdhertion process of Mentors/Assessdt|

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATHEODERINITION FIELD WILL TURN GHf
WHEN AN "X" IS PLACEBONEOF THE SELECTIONS)

Strongly Neither Agree nor Strongly
Competence Type I 322R YSy(G2N) aK2dzZ RX| disagree |Disagred disagree Agree| agree

have proven experience in system engineering
have formal certification by an independent systems enginee
. possess good leadership skills
Essential mento/be a good communicator
characteristics [have the willingness to mentor
be able to adapt to the needs of the mentees
be flexible
possess good assessment capability
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B.5Part D: Frequency and characteristics that prompgeticipation

PART DProgram characteristics to be considered: Frequency of interaction, characteristics that promote mentee and mer|
participation

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATHEBODEHANITION FIELD WILL TURN GREEN WHE
"X" IS PLACED DNEOF THE SELECTIONS)

0-10 hrs 30-40 hrs
Definition Iweek 10-20 hrs /weel 20-30 hrs /week Iweek Other

Foreffective system engineering mentoring in experiential learning

programs mentors and mentees should interact how many hour per

week?

(PLEASE SELECT ONLY ONE OPTION)

(Definition of system engineering experiential learning =

apprenticeship programs for professionals, hands-on learning, learni

from experience)

Frequency of
Interaction

Strongly Neither Agree nor Strongly
Program participation will provide/enhance disagree Disagree disagree Agree agree

Useful hands-on experience

Program  |System thinking traits in participant
characteristicgParticipant's system engineering competencies
that promote |Participant's performance in the enterprise
Participant's image and exposure in the enterprise
m Mentees' promotion opportunities
participation |Mentees' compensation package
Defined and structured advancement plan

Strongly Neither Agree nor Strongly
Program participation will provide/enhance disagree Disagree disagree Agree agree

Mentor's satisfaction of helping a younger colleague
Program  |Mentor's job security

characteristicgMentor recognition

that promote |Mentor's promotion opportunities

Mentor's compensation package

w A path of succession and not replacement

participation |Organization communication

Institutional memory (knowledge transfer)

Strongly Neither Agree nor Strongly
Program participation will provide/enhance disagree Disagree disagree Agree agree

Corporate sponsorship is essential for a successful experiential
learning program based on formal mentoring

Corporate
environment|
that promotes

A Corporate commitment is essential for a successful experiential
participation learning program based on formal mentoring
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B.6 Part E: Systenthinking benefits for enterprise transformation

PART E: Benefits of system thinking for enterprise transformation

GREEN WHEN AN "X" IS PLACEDNEOF THE SELECTIONS)

(SELECT ONE OPTION BY ENTERING "X" IN THE APPROPRIATHEODEANITION FIELD WILL TURN

innovation and |Communication

knowledge transfe|Tolerance for uncertainty

Strong interpersonal skills

Thinking out-of-the-box

Strongly Neither Agree nor Strongly
Benefits for enterprise transformation disagree Disagree disagree Agree agree
Formal mentoring Formal mentoring programs for system
programs on gnglnegrlng professionals enhanepterprise
o innovation
system thinking an
their role on
enterprise Formal mentoring programs for system
transformation |engineering professionals enhankeowledge
transfer for enterprise sustainability
Promotes
Promotes | Knowledge | Does not promote
System thinking traits Innovation transfer neither
Thinking broadly
Curiosity
System thinking (Questioning
traits and Open-minded
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APPENDIX C i Detailed Results ofStatistical Analyses

This appendixontains the specifics of the methodologies used to describe and
assess the statistical significanéeh® data from the survey research. Those
methodologies areC.1. Descriptive statisticeC.2. Sample Signetkst C.3. Multinomial

Test andC.4. Survey Reliability (Item Analysis)

C.1. Descriptive statistics
These are statistics used to describe the sudagand carry no statistical
significance. As specified ifBtevens, 1946themedianand modeare usedo assess
central tendency antie¢ range and inter quartile range (IQR¢ usedo assess

dispersion and to find outliers in the data

C.1.1 Survey Section B: Candidate selection process

The main purpose of section B was to assess if the cognitive, engineering, and
behavioral competeers described in the work by Fra(2006, pp. 94, 97, 10@puld be
used in the se#ion process of mentees, so that only participants that are likely to
succeed are accepted into the program. The first set of questions for section B asked the
participants which of Frankos individual
system egineers that are likely to succeed. The results indicate that 60% or more of the
participants agreed that 9 out of the 10 cognitive competences described by Frank are
relevant taheproposed program. Question 8, which captures the ability of an engineer
to understand a new systémmediately upon presentation, exhikateeutral tendency.

The results are capturedkigure 26, and the competences are ranked in order of

108



relevance; the median for each question vedsutated and used to sort the

chamcteristics in descending order.

Inter
quartile

wsmesinss e | COQNItIVE competencesf mentees likely to

s | 5|3 100

% | succeed in systerhinking developmental

[ 100

Cioo programs ( Sample N = 40)

29| mStrongly disagree m Disagree = Neither Agree nor disagre: m Agree 1 Strongly agree
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Q1. Understanding the whole system and seeing the big pici
Q2. Understanding interconnection
Q4. Understanding system from multiple perspectiv

Q7. Understanding the implications of proposed chan¢

Q5. Thinking creatively

Q6. Understanding system without getting stuck on details ar,
tolerance for ambiguity and uncertainty

Q9. Understanding analogies and parallelism between sysi

| | | |

Q3. Understanding systems syner ‘
\ \ | |

Q10. Understanding limits to growtl o ‘
\ \ \ !

Q8. Understanding a new system/conceptimmediately upe==
presentation

0% 20% 40% 60% 80% 100%j

Figure26 Surveyi Ranked cogitive competences

The second set of questions in section B
individual engineering competees are characteristics of system engineers that are likely
to succeed and hence be considered in the selection process. The survey results indicate
60% or more of the participants agree that a
competencescanbesuss as di scriminating factors in the
results are captured Figure 27, and the competences are ranked in order of relevance.

The third and final set of questions in section B weeslus assess which of
Frankds behavioral characteristics are trait
more likely to succeed in the proposed program. The results indicate that 60% of the

participants agr ee t ha tristiasl(8 outoff6é) shrouldbek 6 s behayv
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considered in the selection process. The results are captienire 28, and the
competences are ranked in order of relevance (median was calculated and the

characteristics were ged in descending order).

Inter

o s e | 2NQINEEIING COMpetencesf mentees likely tc

14| 5 5 3 1.00

: : e gycceed in systenthinking developmental
programs ( Sample N = 40)
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100 m Strongly disagre@ Disagreem Neither Agree nor disagrem Agreer Strongly agree
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Q14. Conceptualizing the solutio

Q11. Analyzing the neet

Q12. Analyzing and developing the concept of operati|
Q13. Requirements analysi |

Q15. Generating the logical solutiefunctional analysis

Q17. Seeing the future
Q18. Using simulations and systems engineering t¢|
Q19. Optimizing [

Q20. Using systems designs consideratit

| | \ \ |
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| | | | |
Q16. Generating the physical solutiearchitecture synthesis
| | | | |
| | | | |
| | | |
—— [

Q21. Conducting trade studie |
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Figure27:Surveyi Ranked engineering competences
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Figure28: Surveyi Ranked behavioral competences

C.1.2. Survey Section C: Mentors/Assessors selection process

The main ptpose of section C was to investigtie proposed methodology to

select adequate mentors the proposedystem engineering mentoring program. The
results indicate that more than 80% of the participants agree with 7 out of the 8 proposed

characteristicand see those characterists important in the selection process of a

system engineering mentor.

The characteristic/competence thahibits a neutral tendency corresponds to the

recommendation to require mentors to be certified by an independerhsysgjineering
agency (Question 2). The median statistic shows a level of neutrality in the data, but the
graphical description captures a slight negative tendémythis question, 40% of the

participants disagreed, 35% remained neutral, and 25% agitbeitherecommendation.
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Given the high percentage of neutrality in the respofmsdhis questionit cannotbe
ascertaiedwith enough confidence if such recommendation should or should not be
included intheproposed program. As an afterthought ofgshevey development process,

the polarization of the responses and the high percentage of participants that remained in
a neutral position indicate the question was presented in terms that were too general and
broad for the participants to make an appmtprassessmenthis isan opportunity for

further researcmamelyif enough details about the certification process are provided and
the reasons fahe recommendatioare further described is possible to seeshift

towards a positive tendenaythe responsed he results for this section are captured in
Figure 29. The mentor characteristics/competences are ranked in order of relevance (the
median was calculated for each of the characteristics and theamatorted in

descending order).
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thinking developmental programs
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Q2. have formal certification by an
independent systems engineering agenc
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|
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Figure29: Surveyi Ranked mentor characteristics
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C.1.3. Survey Section D: Program characteristics that promote participation
The main purpose of section D was to study the program charactetinstt
promote candidate participation (for both mentees and mentors). First, the survey
participants were asked how frequently they think the mentoring interaction should occur.
50% of the participants (N=20) thought that@ hours per week were suficit. 37%
(N=13) thought that 120 hours per week were enough. And 10% (N=4) thought that 20
30 hours a week would be adequate. Finally,
when answering, and then stated in the comments section that he/she tihatuogyhly 2
to 3 hours per week should be allocated to the mentoring interaction. The results for this

section areaptured irFigure 30.

Frequency of interaction (Sample N = 4

m 0-10 hrs /weekm 10-20 hrs /weekm 20-30 hrs /weekm 30-40 hrs /week Other

20
_ WEE
QL. For effective system engineering
mentoring in experiential learning 4
programs, mentors and mentees
should interact how many hours per
week? 1

0% 20% 40% 60% 80% 100%

Figure30: Surveyi Frequency of interaction dflentee/Mentor Dyad
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The secondet ofprogram characterissenvestigated in the survey corresponds
to those characteristics that should be promoted as beneficial to the apprentices. The
survey participants were asked a series of questions to assé¢gsagnam benefits
would entice potential participants (mentees) to participate in these programs. 70% or
more of the participants agreed with 6 out of thr&ram characteristics proposed
the assessmenb0% of the participants think that prograntiggpation would increase
their chances of being promoted in the enterprise, and 40% think that they would see a
salary increase as a result of their participation. It is worthy to note that very few people
disagreed with higher compensation and promatigmortunities as perceived benefits;
in fact, in the case of potential promotion opportunities, 50% of the participants agreed,
40% remained neutral and 10% disagreed, indicating a slight positive tendency for this
factor to be perceived as benefit. Samly, in the case of increasing compensation
packages, 40% of the participants agreed, 50% remained neutral, and 10% disagreed, also
indicating a slight positive tendency for this factor to be perceived as a potential benefit.
The results for this sectiare captured ifrigure 31. The potential perceived benefits (as
perceived by mentees) are ranked in order of relevance (the median was calculated for

each of the potential benefit and the benefits were sortecaeniging order).
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Figure31: Surveyi Ranked characteristics that promote mentee participation

The third set of program characteristicsjestigated in the survegssess what

type of program characteristics should be prochtdeportray the program as beneficial

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

program benefits would appeal to potential participants (mentors). 60% or more of the

participants agreed with 4 out of the 8 gmam characteristidavestigated For the

remaining 4 questions, there is still a positive tendency since more people leaned towards

agreeing withtherecommendations; however, the data shows a pattern of neutrality

being established for those questi@®% adopted a neutral position on mentor

recognition (question 12) being a program benefit. Also, 35% adapted a neutral stance on

mentor 6s

job security (question

11)

bei

40% and 58% remained neutral with resjpto mentor promotion opportunities (question
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13) and with respect to mentords compensatio
results for this section are capturedrigure 32, in whichthe benefits (apotentially
perceived by mentors) are ranked in order of relevance (the median was calculated for
each of the potential benefit and the data was sorted in descending order).
To assess the fourth and final set of program characteristics of intesegtan
D, two questions were asked to the participants to assess the importance of corporate
involvement in the proposed progra®0% or more of the participants agreed that
corporate commitment and corporate sponsorship are essential for a successful
experential learningorogram in systems engineering, suggesting tfaeterscould be
used to promote program participation, namely advertising the programs have full

commitment and support of the enterprisigure 33 captures the results.

0t o s | e For Mentors, program participation wi
oo provide/enhance (Sample N = 40)

m Strongly disagreem Disagree i Neither Agree nor disagre Agree = Strongly agree

Q17. Institutional memory (knowledge transfe

Q10. Mentor's satisfaction of helping a younge=
colleague

Q15. A path of succession and not replacem: M

Q16. Organization communicatio
. . [
Q11. Mentor's job security

Q13. Mentor's promotion opportunities

Q12. Mentor recognition o
\ \ \ \

Q14. Mentor's compensation packag

0% 20% 40% 60% 80% 100%

Figure32: Surveyi Ranked characteristics that promote mentor participation
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Q# | Median

Mode

Range

Inter
quartile
range

19 5

5

3

1.00

18 4

5

4

1.00

Q19. Corporate commitment is

essential for a successful experientia

learning program based on formal
mentoring

Q18. Corporate sponsorshipis [

essential for a successful experiential

learning program based on formal
mentoring

Corporate sponsorship and commitment
enhance program participation
(Sample N = 40)

H Strongly disagreés Disagreer Neither Agree nor disagrei Agree = Strongly agree

0% 20% 40% 60% 80% 100%

Figure33: Surveyi Ranked corporateharacteristicandparticipation

C.1.4. Survey Section E: $Sgmthinking and enterprise transformation

The main purpose of section E was to investigate the benefits of system thinking
development on enterprise transformation, focusing on innovation and knowledge
transfer. First, the participants were asked if/tt@ught these programs enhanced
enterprise innovation, and 70% of the group adopted a positive stance with respect to the

guestion, 20% remained neutral, and 10% disagreed. Secondly, the survey participants

were asked about the role of formal system megliing mentoring programs on

enterprise transformation, in the context knowledge transfer, and 100% of the participants
agreed that knowledge transfer takes place in these types of progngumne.34 captures

theresults, which are ranked in order of relevance (the median was calculated and the

data was sorted in descending order).
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a wan e e | [FQrMal mentoring programs on system
. |« . . | thinking and their role on enterprise
transformation (Sample N = 40)

m Strongly disagre@ Disagrees Neither Agree nor disagrem Agreer Strongly agree

Q2. Formal mentoring programs for
system engineering professionals
enhance knowledge transfer for
enterprise sustainability

Q1. Formal mentoring programs fog
system engineering professionals
enhance enterprise innovation

]
0% 20% 40% 60% 80% 100%

Figure34: Surveyi Programbenefits for enterprise transformation

The second and final set of questiomsection E of the surveyas used to assess how

the system thinking traits proposed by Davidz and Nightin@&lé8)are of benefit to
enterprise transformatioriThesequestions are used to investigtte attitudes and
characteristics that should be encouraged and fomentkdpnoposed mentoring

program for system engineering professionals. The survey participants were asked if each
of those systerthinking traits pomotes innovation, knowledge transfer, or does not
promote either. The results indicate that more than 90% of the participants agreed that
thinking out of the box, being open minded, thinking broadly, and being curious are
systemthinking traits that promwte innovation. Additionally, close to 60% of the

population thinks that having a tolerance for uncertainty also promotes innovation. In

relation to knowledge transfer, 90% of the participants agreed the communication is a
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systemthinking trait that promeats knowledge transfer. Additionally, 90% of the people

agreed that having strong interpersonal skills also promotes knowledge transfer in a
company or enterprise. Interestingly, the systemi nki ng trait defined
capacity to ask questier{questioning) was perceived as a systieimking trait that

promotes both innovation (55%) and knowledge transfer (45%). The final resuhgsfor

section are captured Figure 35.

System Thinking Benefits for Enterprise
Transformation: Innovation and Knowlegde
Tranfer (Sample N = 40)

Promotes Innovation m Promotes Knowledge transfe = Does not promote neither

Q10. Thinking oubf-the-box
Q6. Openminded ‘ ‘ ‘ ‘

Q3. Thinking broadly ‘ ‘ ‘ ‘

Q4. Curiosity ‘ ‘ ‘

Q8. Tolerance for uncertaint ‘ ‘ ‘ ‘
Q5. Questioning ‘ ‘ ‘ ‘
L

\ | \ |

Q7. Communication

Q9. Strong interpersonal skill

0% 20% 40% 60% 80% 100%

Figure35: Surveyi System thinking developmeindenterprise transformation
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C.2. Sample Signetkstdetails
This section contains details about tlmmparametrid-sample signed test
conducted on the data usiktinitab®15.
Ho: median = hypothesized mian versusid me di an | hypothesi zec

Ho: d = do versus H: d>d, ; With d,=3.0

C.2.1 Part B: Sample Signed Test set up and results

1-Sample Sign Iﬁ

C1 Q1 » Variables:

2 @ p1-027 .

m
1

c7 Q7 " Confidence interval

c a9 50|

ci1 Qi1 (¥ Testmedian: |3,.;.7
C13 Q13 Alternative: Im

Help oK | Cancel |

Figure36: 1-samplesigned test set up for Part B (QLE)27B)
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Etﬁeskw
2/25/2014 3:25:14 PM

Welcome to Minitab, press Fl for help.
Results for: PART_B.MTW
Sign Test for Median: @1, @2, @3, @4, @5, Q6, Q7, Q&, Q9, Q10, @11, @12, Q13,B
S5ign test of median = 3.000 versus > 3.000

N Below Edqual Above P Median
Q1 40 1 1 38 0.0000 5.000
Q2 40 a 3 37 0.0000 5.000
23 40 1 10 29 0.0000 4.000
Q4 40 2 1 37 0.0000 4,500
Q5 40 0 [ 34 0.0000 4.000
Q6 40 g 9 23 0.0033 4,000
Q7 40 2 2 36 0.0000 4.500
Q8 40 13 15 12 0.6550 3.000
Q9 40 4 g 28 0.0000 4.000
Q10 40 7 9 24  0.0017 4,000
P11 40 0 4 36 0.0000 4.500
Qlz2 40 2 5 33 0.0000 4,000
Q13 40 4 3 31 0.0000 4.000
Q14 40 1 g 31 0.0000 5.000
Q15 40 2 [ 32 0.0000 4.000
Qle 40 3 11 26 0.0000 4,000
Q17 40 4 [ 30 0.0000 4.000
Q18 40 1 g 31 0.0000 4,000
Q19 40 4 10 26 0.0000 4.000
Q20 40 2 5 33 0.0000 4,000
Q21 40 3 10 27 0.0000 4.000
Q22 40 3 13 24 0.0000 4,000
Q23 40 1 4 35 0.0000 4.000
Q24 40 [ 10 24  0.0007 4,000
Q25 40 1 & 33 0.0000 4.000
R2e 40 1] 5 35 0.0000 4,500
Q27 40 0 5 35 0.0000 4.000

Figure37. 1-samplesigned results for Part B (QIBQ27B)

Mentee Selection Processurvey Part B has 27 questions to be analyzed

Ho: d =d, versus H: d > d, ; With do= 3.0

P-value > 0.05; therefore, theulh hypothesidails to be rejected.
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C.2.2 Part C: Sample Signed Test set up and results

= : |
1-Sample Sign Iﬁ

ci Q1 Variables:
2 Q2 o8
c3 Q3 Qe I
c4 Q4 it
C3 Q5
Ce Q6
c7 Q7 " Confidence interval
o [550

{* Test median: 7.0

Alternative: greater than v

Help 0K | Cancel |

|

Figure38: 1-samplesigned test set up for Part C (QL@QS8C)

Session

2/25/2014 3:34:41 PM

Welcome to Minitab, press Fl1 for help.
Results for: PART_C.MTW

Sign Test for Median: @1, Q2, Q3, @4, Q5, Q&, Q7, Q8

Sign test of median = 3.000 wversus > 3.000

N Below Egual Above P Median
Q1L 40 1 2 37 0.0000 5.000
Q2 40 la 14 10 [0.9157 3.000
Q3 40 2 4 34 0.0000 4.000
R4 40 0 1 39 0.0000 5.000
Q5 40 1 1 38 0.0000 5.000
Qe 40 4 2 34 0.0000 4.000
Q7 40 2 3 35 0.0000 4.000
QRe 40 0 [3 34 0.0000 4.000

Figure39: 1-samplesigned results for Part C (QIGQ8C)

Mentor CharacteristicSurvey ParC has 8 questions to be analyzed

Ho: d = d, versus H: d > d, ; With d,= 3.0

P-value > 0.05; therefore, the null hypothesis fails to be rejected.
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C.2.3 Part D: Sample Signed Test set up and results

1-Sample Sign E

c1 Q2 » Variables:
cz Q3 02-019]
c3 Q4 - y
4 Qs i
€5 Qs
s Q7 =
C7 Q8 ™ Confidence interval
8 Qo =
o QW 55.0
10 011
c11 Q12 (* Test median: 3.0
c12 i3 _
13 Qi4 Alternative:  |greater than
c14 Q15 %7
Help (0]4 | Cancel ‘

Figure40: 1-samplesigned test set up for Part D (Q2[19D)

Session
3/1/2014 3:55:24 PM
Welcome to Minitab, press Fl for help.
Results for: PART_D.MTW
Sign Test for Median: Q2, Q3, Q4, Q5, Q6, Q7, Q8, @9, Q10, Q11, @12, Q13, Q14,
Sign test of median = 3.000 wersus > 3.000
N Below Egual Zbove P Median
Q2 40 a 1 3% 0.0000 5.000
Q3 40 1 5 34 0.0000 4.000
Q4 40 a 5 35 0.0000 4.000
Q5 40 3 9 28 0.0000 4.000
Q& 40 2 11 27 0.0000 4.000
Q7 40 4 15 21 0.0005 4.000
Qe 40 5 19 16 0.0133 3.000
bg 40 1 g 31 0.0000 4.000
Ql0 40 1 4 35 0.0000 4.000
QL1 40 11 14 15 0.27848 3.000
Qlz 40 [ 14 20 0.0047 3.500
QL3 40 g 16 16 [0.0758 3.000
QL4 40 7 23 10 [0.3145 3.000
Q15 40 4 10 26 0.0000 4.000
Qle 40 3 5 32 0.0000 4.000
Q17 40 a 2 38 0.0000 5.000
Qlg 40 2 3 35 0.0000 4.000
Ql9 40 1 a 3% 0.0000 5.000

Figure4l: 1-samplesigned results for Part D (Q2DQ19D)

ProgramCharacteristicsSurvey ParD has18 questions to be analyzé@1
corresponds to the frequency of interaction assessarahitdoes not follow a
Likert scoringscale)

Ho: d = d, versus H: d > d, ; With do=3.0

P-value > 0.05; therefore, the null hypothesis fails to be rejected.
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C.2.4 Part E: Sample Signed Test set up and results

1-Sample Sign ;J&
c1 01 Variables:
c2 Q2 ]
& o5 Qig2
c4 Q4 4
©5 Q5
5 Q6
C7 Q7 " Confidence interval
8 Q3 —
cg Q9 =5y
10 Ql0
{* Test median: 2.0
Alternative: greater than =

Help oK | Cancel |

Figure42: 1-samplesigned test set up for Part E (QLE)2E)

Session

2/25/2014 3:42:27 PM

Welcome to Minitak, press Fl for help.
Results for: PART _E.MTW

Sign Test for Median: Q1, Q2

Sign teat of median = 3.000 versus > 3.000

N Below Egqual Abowve P Median
Q1 40 4 bt 28 0.0000 4,000
Q2 40 0 0 40 0.0000 5.000

Figure43: 1-samplesigned results for Part E (QIEQ2E)

Systemthinking and innovation and knowledgfansfer Survey Park has2
guestions to be analyz¢@3-Q10 do not follow a Likert scoring scale)

Ho: median = hypothesizededian versus H median> hypothesized median
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C.3 Multinomial Test
This section contains details about theltinomial tes$ conducted on the data bging
Matlab®2010a The Matlal§ function utilized in the test is the Binofit function
This screen capre depicted ifrigure 44 was obtained by calling the help function for
ABIORI TO in the c Malati20a. il righdsane resefved by

Matlal®

Command Window

Fx help binofit

EINOFIT Parameter estimates and confidence intervals for binomial data.
PHAT = BINCFIT(Z,N) Returns estimates of the probability of success for
the binomial discribution. X and N are scalars containing the number of
successes and the nuwber of trials, respectiwvely. If ¥ and N are weotors,
EINOFIT returns a wvector of estimates whose I-th elewent is the parameter
estimate for X(I) and N({I). L zcalar value for X or N is expanded to the
same size as the other input.

[PHAT, PCI] = BIMNOFITI(X,M,AiALPHA) giwves MLEs and 100 (1-ALPHAL)

percent confidence interwvals given the data. Each row of PCI contains
the lower and upper bounds for the corresponding elewent of PHAT.

Ey default, the optional paraweter ALPHA = 0.05 corresponding to 95%
confidence intervals.

MNote: Unlike most other distribution fitting functions, BINOFIT treats a
wvector ¥ as a collection of measurements from sSeparate samples, and
recurns a vector of estimates. If you want to treat a3 a single sample
ahd compute & Single parawmeter estimate ahd confidence interval, use
BINOFIT(SUM(X),SUN(N)) when N is a wvector, and BINOFIT(SUM(XE),N*LENGTH(X))
when N is a scalar.

See also binoocdf, bincinv, binopdf, binornd, binostat, mle.

Reference page in Help browser
doc binofit

Figure44: Description of Méab® BINOFIT function
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C.3.1 Part B: Multinomial Test results

Thefilled blue dotsrepresent P_A and BA. The value is circleth redwhen the Prob A + Prob SA< 0.5
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Figure45: Multinomial testresults for ParB (Q1B i Q27B)
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C.3.2 Part C: Multinomial Test results
Thefilled blue dotsrepresent P_A and BA.

The value is circleth red when theRrob A + Prob SA< 0.5
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Figure46. Multinomial test results for Part C (QIiGQ8C)
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C.33. Part D: Multinomial Test results

Thefilled blue triangles in Q1A Freq of interaction tesThefilled blue dotsA P_A and PSA. Thevalue isin red when

the Prob A + Prob SA< 0.5

Prob

Prob

Prob

Q1D Prob(Freg->10hrs+20hrs)€ 0.875

0.8

o

A

A

0
0-10hrs

10-20hrs  20-30hrs  30-40hrs

Other

0.

Q5D Prob (Agree +Strongly Agree)= 0.7
8

0.6
0.4 ®
0.2 O °
O
SD D N A SA

Q9D Prob (Agree +Strongly Agree)= 0.775
8

0.6
®
0.4
[ ]
0.2 O
d
Sb D N A SA

Q13D Prob (Agree +Strongly Agree@
0.4

0.3

X

D D N A SA

0
S|
Q17D Prob (Agree +Strongly Agree)= 0.9!
.8

0.6 @
a
S 0.4 [
a
0.2
Q
SD D N A SA

Prob

Prob

Prob

Prob

Prob

Q2D Prob (Agree +Strongly Agree)= 0.975
0.8

Q3D Prob (Agree +Strongly Agree)= 0.85
0.8

0.6 ® 0.6 °
0.4 [ 8 04
& °
0.2 0.2
o
o bl © Ll
SD D N A SA SD D N A SA
Q6D Prob (Agree +Strongly Agree)= 0.675 Q7D Prob (Agree +Strongly Agree)= 0.525
0.8 0.4 ) L
0.6 0.3
. a
0.4 2 0.2
o o
0.2 ® 0.1 L 4
O
Q 0
SD D N A SA SD D N A SA
Q10D Prob (Agree +Strongly Agree)= 0.875 Q11D Prob (Agree +Strongly Agree) 0.375
0.8 0.5
0.6 0.4
O
° ° 8
0.4 g 0.3 °
0.2 0.2
o O
o 0.1
SD D N A SA SD D N A
Q14D Prob (Agree +Strongly Agree@ Q15D Prob (Agree +Strongly Agree)= 0.65
0.8 0.8
0.6 o 0.6 °
2
0.4 2 0.4
'8
0.2 ° 0.2 © ®
o ®
[¢] B 0 Q
SD D N A SA SD D N A SA

Q18D Prob (Agree +Strongly Agree)= 0.875
0.8

0.6
0.4 ® L 4
02
o o
SD D N A SA

Prob

Q19D Prob (Agree +Strongly Agree)= 0.975
0.8

0.6 ®
0.4 [ ]
0.2

o Q

SD D N A SA

Prob

Prob

Prob

Prob

Q4D Prob (Agree +Strongly Agree)= 0.875
0.8

06 °
04
02 4
(@)
o
SD D N A SA

0.

Q8D Prob (Agree +Strongly Agre€)= 0.4
8

0.6
O
0.4
(]
0.2
K e} ®
SD D N A SA
Q12D Prob (Agree +Strongly Agree)= 0.5
0.4
e} [ ]
0.3
0.2
[ ]
0.1 @]
0
SD D N A SA
Q16D Prob (Agree +Strongly Agree)= 0.8
0.8
0.6 L4
0.4
02 o ®
0
SD D N A SA

Figure47: Multinomial test results ford&t D (Q1Di Q19D)
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C.3.4 Part E: Multinomial Test results

For QELi QEZ2, hefilled blue dots correspond t&_A and PSA. For Q3E- Q10E participantschose whicksystemthinking
trait promotesjnnovation, knowledge transfer, or neitheencethreemultinomial probabilitiesare calculatedor each
formulation(P_Innovation, P_KT, P_Neitheffhefilled blue triangles correspad to P_Inn, PKT, and P_Neither for each

formulation.
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Figure48: Multinomial test results for Part E (@1 Q10E)
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C.4. Survey Reliability (Item Analysis)

This section contains details about tteen Analysistest conducted on the data using

Minitab®15. This teswasutilized to assess the reliability of the survey construct. The

Cro

items.

nbachos alurgs thadegree bf ineernainoerssistency for all the included

The Item analysis test was conducted omadistions that followed the kert scoring

scale.

CA4.1. Item Analysis sepu

Item Analysis [é]

» | Variables:

'Q1_B-'Q2_F .

C44
C45
C46
c47
C43
C49
C50
C51
C52
C53
C54
55

HHHHHHHHHH
D T Dt Dt M
oooooooooog

m

=
mimi

W2 D D D WD WD D D D D D D

ra

| Standardize variables

d

Graphs. .. | Results. .. |

Help oK | Cancel |

Figure49: Item Analysis test set upr all questions
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C4.2. Item Analysis results

338808 2/2520143:46:18PM 860080000 800088080338
Welcome to Minitab, press F1 for help.

Results for: PART_B_C_D_E_CRONBACHS_ALFA.MTW

ltem Analysis of Q1_B, Q2_B, Q3_B, Q4_B, Q5_B, Q6_B, Q7_B, Q8_B, ..

Correlation Matrix

QLB Q2B Q3B Q4B Q5B Q6B Q7B Q8B Q9B
0.532
0.357 0.525
0.672 0.491 0.554
0.080 0.170 0.329 0.386
0.107 0.087 0.157 0.393 0.245

0.675 0.449 0.254 0.444 -0.113 0.202
Q8 B 0.016 0.172 0.245 0.304 0.164 0.391 0.233
Q9 B 0.203 0.244 0.171 0.243 0.070 0.257 0.547 0.465
Q10 B 0.372 0.283 0.227 0.347 0.196 0.313 0.531 0.471 O. 607
Q11 B 0.406 0.298 0.305 0.444 0.216 -0.067 0.257 0.131 0.245
Q12 B 0.125 0.411 0.258 0.236 0.228 0.096 0.303 0.361 0.498
Q13 B 0.208 0.227 0.245 0.266 0.069 0.180 0.411 0.483 0.395
Q14 B 0.164 O. 473 0.192 0.378 0.235 0.173 0.340 0.294 0.393
Q15 B 0.342 0.382 0.188 0.395 0.315 0.185 0.389 0.460 0.496
Q16 B 0.337 0.350 0.130 0.277 0.065 -0.003 0.430 0.404 0.511
Q17 B 0.166 0.344 0.308 0.311 0.019 0.174 0.127 0.342 0.355
Q18 B 0.082 -0.046 0.185 0.199 0.186 0.096 0.303 0.278 0.530
Q19 B 0.089 -0.022 0.163 0.285 0.208 0.076 0.333 0.462 0.518
Q20 B 0.293 0.235 0.308 0.349 0.127 0.157 0.569 0.338 0.513
Q21 B 0.191 0.114 0.239 0.354 0.328 0.313 0.246 0.282 0.431
Q22 B -0.213 0.093 0.232 0.042 0.211 0.013 -0.115 0.369 0.144
Q23 B 0.076 0.162 0.270 0.234 0.122 0.323 0.022 0.222 -0.124
Q24 B -0.149 -0.087 -0.152 -0.025 0.212 0.249 0.046 0.391 0.115
Q25 B 0.172 0.382 0.152 0.135 -0.010 0.185 0.174 0.021 0.082
Q26_B 0.148 0.142 0.199 0.300 0.270 0.337 0.125 0.126 0.025
Q27_B 0.132 0.233 0.20 1 0.313 0.317 0.146 0.130 -0.011 0.045
Q1. C -0.046 0.000 0.020 -0.101 -0.222 0.068 0.000 0.194 0.052
Q2. C -0.178 -0.130 0.053 0.042 0.177 0.200 -0.144 0.369 0.249
Q3 C -0.110 -0.049 0.047 0.161 0.309 O. 244 -0.070 0.113 0.117
Q4_C 0.079 0.119 -0.017 -0.057 0.054 -0.006 -0.009 -0.132 -0.052
Q5_C 0.003 0.094 0.036 0.058 0.099 -0.214 -0.157 -0.028 -0.041
Q6 C -0.107 -0.178 -0.185 0.045 0.224 0.279 -0.046 0.044 0.091
Q7_C 0.162 0.185 0.117 0.297 0.399 0.058 0.218 0.392 0.396
Q8 C 0.253 0.291 0.243 0.434 0.422 0.260 0.195 0.171 0.141

Q2_D -0.007 0.072 0.090 0.225 0.164 -0.030 -0.041 -0.069 -0.162
Q3_D 0.065 0.138 0.139 0.235 0.238 0.182 0.099 0.300 0.309

Q4_D 0.078 0.297 0.112 -0.048 -0.075 -0.005 0.329 0.236 0.462

Q5D -0.294 -0.093 0.032 -0.335 0.105 -0.239 -0.218 0.117 - 0.067
Q6_D -0.178 -0.023 -0.008 0.053 0.179 0.327 0.006 0.516 0.245

Q7.D -0.118 -0.333 -0.117 0.052 0.264 0.360 0.000 0.292 0.310

Q8 D -0149 -0.176 -0.060 0.055 0.199 0.404 0.028 0.206 0.284

Q9_D 0.045 -0.094 -0.227 0.195 0.300 0.211 0.00 0 0.231 0.235
Q10_D 0.221 0.165 -0.027 0.112 0.310 0.030 0.232 -0.066 0.299
Q11 D 0.128 0.000 0.003 0.250 0.193 0.406 0.102 0.214 0.244

Q12_D 0.186 0.116 0.014 0.264 0.192 0.145 0.022 0.366 0.223

Q13 D -0.106 -0.210 -0.207 0.020 -0.009 0.221 -0.096 0.390 0.232
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Q14 D
Q15 D
Q16 D
Q17D
Q18 D
Q19 D
QLE

Q2_E

Q11 B
Q12 B
Q13 B
Q14 B
Q15 B
Q16_B
Q17 B
Q18 B
Q19 B
Q20 B
Q21 B
Q22 B
Q23 B
Q24 B
Q25 B
Q26_B
Q27 B
Q1 C
Q2.cC
Q3 C
Q4_C
Q5_C
Q6_C
Q7. C
Q8 C
Q2D
Q3D
Q4_D
Q5_D
Q6_D
Q7 D
Q8 D
Q9 D
Q10_D
Q11 D
Q12 D
Q13 D
Q14 D
Q15 D
Q16_D
Q17 D
Q18 D
Q19 D
QL E
Q2_E

Q20 B
Q21 B
Q22 B
Q23 B
Q24 B
Q25 B

0.014 -0.106 -0.065 0.066 -0.029 0.216 0.066 0.308 0.196

0.089 0.021 -0.046 0.161 0.143 0.408 0.042 0.369 0.280
0.016 0.124 0. 027 0.103 0.150 -0.023 -0.007 0.384 0.135
0.000 0.134 -0.241 -0.138 -0.242 -0.168 -0.160 -0.224 -0.261
-0.063 0.223 0.009 0.046 -0.182 -0.006 -0.053 0.183 -0.103
-0.210 -0.031 -0.174 -0.149 -0.241 -0.039 -0.117 0.094 -0.148
-0.275 -0.130 -0.005 -0.171 0.216 0.115 -0.239 0.030 0.060
-0.125 0.120 -0.027 -0.240 -0.199 0.028 -0.195 -0.077 -0.226
Q10 B Q11 B Q12 B Q13 B Q14 B Q15 B Q16 B Q17 B Q18 B
0.237

0.440 0.096

0.409 0.303 0.493

0.304 0.077 0.407 0.183

0.495 0.317 0.478 0.547 0.618

0.462 0.204 0.517 0.532 0.445 0.731

0.079 0.278 0.223 0.109 0.5 15 0.261 0.222

0.330 0.139 0.599 0.631 0.209 0.412 0.487 0.160

0.390 0.175 0.436 0.511 0.322 0.531 0.606 0.161 0.660

0.475 0.081 0.638 0.489 0.453 0.546 0.545 0.238 0.673

0.4 86 0.051 0.398 0.129 0.328 0.420 0.265 0.228 0.454

0.151 0.235 0.340 0.495 0.052 0.269 0.278 0.014 0.312

0.382 0.051 -0.099 -0.033 -0087 -0.048 -0.151 -0.167 -0.296
0.146 0.020 0.227 0 292 0.029 0.057 -0.033 -0.023 0.151
-0.047 -0.026 0.314 0.356 0.164 0.193 0.227 0.076 0.084

0.278 -0.054 0.343 -0.086 0.087 -0.056 -0.108 0.029 -0.031
0.095 0.122 0.358 -0.148 0.256 0.054 0.035 0.024 -0.026
-0.104 -0.047 0.036 0.475 -0.371 0.018 0.081 -0.168 0.143

0.129 -0.121 0.121 0.269 -0.029 0.135 0.180 0.014 0.312

0.200 0.269 0.199 0.065 0.084 0.112 0.083 0.013 0.164

0.228 -0.121 0.148 0.101 0.090 0.255 0.218 -0.193 0.090

0.029 0.024 0.025 0.193 -0.019 0.156 0.172 -0.238 0.025

0.366 -0.181 0.280 0.199 0.049 0.212 0.066 -0.208 0.338

0.527 0.115 0.702 0.601 0.269 0.621 0.533 -0.022 0.532

0.169 0.489 0.111 0.113 0.143 0.092 -0.054 0.096 -0.102
-0.111 0.152 0.048 -0.140 0.149 -0.049 -0.256 -0.045 -0.005

0.213 0.211 0.517 0.252 0.2 55 0.313 0.306 0.238 0.355

0.055 0.063 0.181 0.340 0.065 0.089 0.234 0.283 0.181

-0.024 -0.159 0.214 0.270 0.099 0.278 0.353 0.054 0.281

0.272 -0.106 0.457 0.335 0.466 0.535 0.439 0 209 0.355

0.465 -0.079 0.183 0.025 0.105 0.255 0.179 -0.029 0.213

0.416 -0.159 0.173 -0.085 0.225 0.136 0.084 0.048 0.141

0.313 0.090 0.311 0.143 0.307 0.475 0.249 0.032 0.346

0 .349 0.117 0.500 0.169 0.219 0.358 0.244 -0.047 0.430
0.319 0.014 0.099 0.034 0.299 0.385 0.241 0.224 0.229

0.246 0.103 0.342 0.379 0.255 0.443 0.467 0.316 0.398

0.328 -0.131 0.127 0.233 0.140 0.301 0.369 0.195 0.266

0.369 -0.089 0.026 0.095 0.184 0.223 0.258 0.179 0.119

0.326 -0.080 0.300 0.293 0.117 0.464 0.329 0.094 0.361

0.305 0.087 0.346 0.597 0.048 0.530 0.585 0.017 0.436
-0.141 0.127 -0.196 0.000 -0.169 -0.168 -0.022 0.000 -0.196
-0.034 -0.255 0.212 0.270 0.056 0.024 0.169 0.015 0.016

-0.227 -0.322 -0.094 -0.117 0.053 -0.123  -0.018 0.088 -0.1 40

0.187 -0.066 -0.054 0.121 -0.033 -0.020 0.016 0.021 0.010

-0.245 -0.015 -0.126 0.034 -0.085 -0.068 -0.067 0.173 -0.184

Q19 B Q20 B Q21 B Q22 B Q23 B Q24 B Q25 B Q26 B Q27 B
0.577

0.480 0.434

0.341 0.162 0.037

-0.104 -0.162 0.214 0.201

0.287 0.099 0.214 0.222 0.082

-0.097 0.209 -0.045 0.135 -0.126 0.206
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Q26_B
Q27_B
Q1_C
Q2_C
Q3_C
Q4_C
Q5_C
Q6_C
Q7_C
Q8_C
Q2_D
Q3_D
Q4_D
Q5_D
Q6_D
Q7_D
Q8_D
Q9_D
Q10_D
Q11D
Q12_D
Q13_D
Q14_D
Q15_D
Q16_D
Q17_D
Q18_D
Q19.D
Q1_E
Q2_E
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Q9_
Q10 D
Q11 D
Q12D
Q13 D
Q14 D
Q15 D
Q16_D
Q17D
Q18 D
Q19 D
QLE
Q2_E

Q4 D
Q5D

-0.045 0.128 0.216 0.148 0.404 0.225 -0.097
-0.086 0.201 0.064 0.163 0.201 0.055 0.138 0.715

-0.051 0.000 -0.090 0.249 -0.127 0.204 0.440 -0.245 -0.366

0.419 0.106 0.083 0.266 -0.088 0.429 0.054 -0.089 -0.254

0.224 -0.022 0.421 0.284 0.336 0.292 0.007 0.088 0.163

0.189 0.131 0.354 0.166 0.188 0.078 0.311 0.009 -0.052

0.150 -0.085 -0.025 0.467 0.148 -0.043 0.246 -0.050 -0.041

0.201 0.107 0.291 0.014 0.214 0.249 0.04 1 0.266 0.033

0.581 0.480 0.364 0.480 0.020 0.253 0.188 0.284 0.225

0.065 -0.070 0.078 0.132 0.201 0.349 0.218 0.159 0.359

0.109 0.087 0.234 -0.045 0.031 0.018 -0.049 -0.148 0.027
0.489 0.374 0.295 0.169 -0.203 0.165 -0.045 0.157 0.026

0.167 0.198 -0.090 0.241 -0.242 0.160 0.184 -0.112  -0.092

0.196 0.320 0.059 0.377 -0.260 -0.022 0.078 -0.200 -0.182

0.489 0.516 O. 358 0.332 -0.030 0.199 -0.033 0.100 0.030

0.306 0.250 0.508 0.112 0.252 0.220 -0.165 0.208 0.117

0.150 0.185 0.476 -0.008 0.303 0.163 -0.180 0.299 0.139

0.396 0.248 0.403 0.141 -0.041 0105 -0.238 0.172 0.088

0.316 0.383 0.393 0.042 -0.153 0.111 -0.016 0.295 0.251

0.330 0.325 0.554 -0.150 0.031 -0.002 -0.176 -0.048 -0.073

0.374 0.330 0.228 0.370 -0.150 -0.031 -0.057 0.149 0.022

0.344 0.235 0.333 0.137 0.025 0.175 -0.056 -0.048 -0.132

0.355 0.172 0.399 -0.008 0.119 0.128 -0.417 0.072 -0.194

0.327 0.315 0.634 -0.009 -0.009 0.324 0.162 0.024 -0.137

0.504 0.299 0.197 0.450 -0.107 0.212 0.113 -0.075 -0.216
-0.070 -0.401 -0.204 -0.020 0.058 -0.019 -0.024 -0.152 -0.187

0.132 0.100 -0.068 0.325 0.019 0.019 0.344 -0.030 0.000

0.167  -0.056 -0.032 -0.048 -0.121 0.034 -0.078 -0.107 -0.076

0.214 -0.124 0.188 0.250 0.019 0.221 -0.020 0.049 -0.211
-0.253 -0.156 -0.124 0.008 0.017 0.130 0.277 -0.263 -0.216
QLC Q2C Q3C Q4C Q5C Q6C Q7.C Q8C Q20D

0.307

-0.115 0.023

0.093 -0.070 0.320

0.221 -0.055 0.156 0.632

-0.109 0.250 0.358 0.348 0.116

0.073 0.203 0.209 0.332 0.355 0.498

-0.183 -0.076 0.426 -0.059 0.012 -0.089 0.164

-0.171 -0.045 0.260 0.096 0.004 -0.085 -0.070 0.176

-0.022 0.136 0.043 0.096 0.021 -0.066 0.380 0.155 0.144

0.336 0.123 -0.257 -0.219 0.025 -0.455 0.012 0.123 -0.287

0.145 0.073 -0.209 0.197 0.155 -0.145 0.203 -0.337  -0.091
-0.018 0.249 0.137 0.149 -0.115 0.135 0.425 -0.139 0.105
-0.098 0.261 0.422 0.132 -0.104 0.330 0.309 0.039 0.097

-0.241 0.123 0.397 0.128 -0.163 0.331 0.169 0.025 0.071

-0.111 0.141 0.074 0.120 0.000 0.270 0.490 0.000 0.110

-0.167 0.013 0.140 0.361 0.143 0.392 0.538 -0.009 0.107
-0.139 0.167 0.254 0.184 -0.210 0.119 0.116 0.073 0.321

0.121 0.255 -0.078 0.095 0.114 0.070 0.495 -0.130 0.004

0.165 0.433 0.154 0.168 -0.058 0.252 0.301 -0.171 0.046
-0.017 0.346 0.178 0.098 -0.220 0.093 0.112 -0.221 0.116

0.346 0.417 0.164 0.313 -0.089 0.337 0.319 -0.118 0.061

0.390 0.400 -0.045 0.357 0.365 0.247 0.621 -0.209 -0.173
-0.052 -0.219 -0.052 0.212 0.234 0.021 -0.050 0.062 -0.077

0 .349 0.060 -0.104 0.212 0.390 -0.049 0.314 -0.083 0.129

0.074  -0.010 -0.058 0.061 0.049 -0.185 -0.007 -0.070 0.105

0.136 0.354 0.074 0.294 0.189 0.084 0.158 0.089 -0.035

0.282 0.151 -0.037 0.134 -0.134 -0.204

-0.323 0.030 0.032

Q3D Q4D Q5D Q6D Q7D Q8D Q9D Q0D Q11 D

0.139
0.195 0.134
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Q6_D 0.540 -0.092 0.470

Q7. D 0.240 -0.198 0.062 0.511

Q8 D 0.214 -0.255 0. 026 0.480 0.849

Q9 D 0.544 -0.199 0.070 0.597 0.504 0.432

Q10 D 0.487 -0.118 0.023 0.192 0.236 0.156 0.429

Q11 D 0.330 -0.131 0.068 0.525 0.663 0.594 0.510 0.266

Q12 D 0.402 -0.010 0.392 0.604 0.257 O. 179 0.613 0.294 0.421

Q13 D 0.097 -0.085 0.264 0.567 0.648 0.490 0.432 0.044 0.674

Q14 D 0.211 -0.106 0.108 0.557 0.608 0.569 0.385 0.134 0.715

Q15 D 0.144 -0.050 0.179 0.426 0.350 0.222 0.350 0.226 0.537

Q16 D 0.367 0.131 0.485 0.376 0.083 -0.047 0.345 0.320 0.137

Q17D -0.030 -0.106 -0.050 -0.223 -0.401 -0.329 0.000 0.076 -0.114

Q18 D 0.030 0.082 0.149 0.141 -0.119 -0.219 0.067 0.042 -0.000

Q19 D 0.021 0.025 -0.039 0.127 -0.063 -0.101 0.142 -0.037 0.210

Ql_E 0260 0.172 0.293 0.150 0.319 0.238 0.099 0.120 0.286

Q2_E 0.009 0.095 0.264 0.070 -0.080 -0.107 -0.181 -0.141 0.168
Q12D Q13 D Q14 D Q15D Q16 D Q17.D Q18 D Q19D QL E

Q13 D 0.635

Q14 D 0.489 0.759

Q15 D 0.383 0.600 0.460

Q16_D 0.527 0.399 0.270 0.474

Q17 D 0124  -0.020 -0.068 -0.112 0.177

Q18 D 0.372 0.265 0.038 0.112 0.354 0.381

Q19 D 0.1 76 0.239 0.230 0.079 0.091 0.368 0.702

Q1L E 0.207 0.380 0.367 0.226 0.340 0.093 0.108 0.093

Q2_E 0.082 0.235 0.123 0.141 0.032 0.299 0.071 -0.006 0.192

Cell Contents: Pearson correlation

Item and Total Stat istics

Total
Variable Count Mean StDev
Q1. B 40 4.55 0.68
Q2_B 40 4.50 0.64
Q3 B 40 3.98 0.80
Q4. B 40 4.38 0.77
Q5 B 40 4.25 0.71
Q6 B 40 3.63 1.15
Q7_B 40 4.35 0.80
Q8_B 40 3.02 1.05
Q9 B 40 3.83 0.90
Q10 B 40 352 1.06
Q11 B 40 4.40 0.67
Q12 B 40 4.05 0.88
Q13 B 40 4.10 1.06
Q14 B 40 4.33 0.89
Q15 B 40 4.22 0.89
Q16 B 40 3.92 0.97
Q17_B 40 3.95 0.93
Q18 B 40 4.05 0.88
Q19 B 40 3.67 0.92
Q20 B 40 4.20 0.85
Q21 B 40 3.85 1.05
Q22_B 40 3.77 1.07
Q23 B 40 4.25 0.74
Q24 B 40 352 1.15
Q25 B 40 4.22 0.89
Q26 B 40 4.38 0.70
Q27_B 40 4.30 0.69
Q1.C 40 4.50 0.82
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Q9_
Q10_D
Q11 D
Q12 D
Q13 D
Q14 D
Q15 D
Q16 D
Q17 D
Q18 D
Q19 D
Q1 E
Q2_E
Total

40 2.77
40 4.20
40 4.72
40
40 4.17
40 4.15
40 4.20
40 455
40 4.13
40 4.3
40 3.85

40 3.50
40 3.30
40 4.00
40 4.28
40 3.10
40 3.45
40 3.23
40 3.08
40 3.63
40 3.80
40 4.50
40 4.25
40 4.53

1.07
0.82
0.51
4.72
1.01
0.86
0.69
0.55
0.72
0.61
0.86

0.64

3.77 0.86

0.96

0.91

0.85
0.85
1.13
1.04
1.05

0.95
0.97
0.60
0.90
0.64

40 3.85 0.92
40 4.58 0.50
40 220.13 20.15

Cronbach's Alpha = 0.9139

Omitted Item Statistics

Omitted Adj. Total Total

Variable

0.94

Adi.

Item

Mean StDev Total Corr
215.57 20.01
215.63 19.96
216.15 19.95
215.75 19.81
215.88 19.89
216.50 19.68
215.78 19.89
217.10 19.52
216.30 19.65
216.60 19.47
215.72 20.02
216.07 19.59
216.03 19.50
215.80 19.74
215.90 19.52
216.20 19.55
216.18 19.89
216.07 19.64
216.45 19.53
215.93 19.63
216.28 19.50

216.35 19.70 0.402610
215.88 20.08 0.088160
216.60 19.75 0.322035
215.90 19.99 0.161040

0.285766
0.237951
0.436052
0.354
0.385303
0.313611
0.591896
0.545197
0.625452
0.181868
0.636713
0.600482
0.448306
0.695383
0.611419
0.264609
0.570783
0.665643
0.604079
0.607497

Squared
- Adj. Multiple Cronbach's

Corr
0.20
*

*

*

ELE R R N I N B

*

*

*

Alpha

1180 * 0.913858

0.913258
0.913709
0.912066

078 * 0.912757

0.912643
0.913076
0.910218

0.909817
0.913988
0.910106

0.911865
0.909498
0.910136
0.91364

0.910728
0.909712
0.910468
0.910039

* 0.912360

0.914804
0.913420
0.914550
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Q26_B 215.75 20.00 0.206934 * 0.913845
Q27_B 215.82 20.07 0.108071 * 0.914533

Q1_C 215.63 20.07 0.088423 * 0.914997

Q2_C 217.35 19.77 0.335958 * 0.913115

Q3_C 215.93 19.89 0.298587 * 0.913215
Q4_C 215.40 19.99 0.307854 * 0.913191

Q5_C 215.40 20.07 0.116576 * 0.914388

Q6_C 215.95 19.85 0.278002 * 0.913642

Q7_C 215.97 19.53 0.713078 *0.909424
Q8_C 215.93 20.02 0.174499 * 0.914059

Q2_D 215.57 20.12 0.046946 * 0.914655

Q3_D 216.00 19.79 0.496638 * 0.911659

Q4_D 216.00 20.08 0.10304 5 * 0.914419
Q5_D 216.28 19.97 0.188215 * 0.914242

Q6_D 216.35 19.60 0.631635 * 0.910191

Q7_D 216.63 19.67 0.483632 * 0.911474

Q8_D 216.82 19.79 0.378218 * 0.912530
Q9_D 216.13 19.71 0.508170 * 0.911354

Q10_D 215.85 19.78 0.421844 * 0.912132

Q11D 217.03 19.56 0.510286 * 0.911118

Q12_D 216.68 19.52 0.596739 * 0 .910183
Q13_D 216.90 19.57 0.542947 * 0.910772

Q14_D 217.05 19.72 0.446028 * 0.911863

Q15_D 216.50 19.59 0.572266 * 0.910575

Q16_D 216.32 19.59 0.564310 * 0.910636

Q17_D 215.63 20.24 - 0.149101 * 0.915961
Q18_D 215.88 19.94 0.216400 *0.914052

Q19.D 215.60 20.14 0.006763 * 0.915114

Ql_E 216.28 19.89 0.266789 * 0.913611

Q2_E 215.55 20.17 - 0.034668 * 0.914979
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APPENDIX D i Details of Consensus Measure Model

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

This appendix provides the details related to the consensus measure digcussed
section3.5.2i Model for Consensus StrengithChapter 3 ResearctMethodology The
consensus measure was introduceetitaforce the statistical analysis of the survey
findings.

Thesurvey instrument was generatedsalidate the proposed syst¢hinking
developmental program implement&d system engineering mentoring in the context of
experiential learningn the data analysis section of this dissertation, various
methodologies ere presented in order to assess the central tendency of the survey
guestions and the statisticadjnificance of that tendenchnitially, the survey datavas
analyzed by tabulating descriptive statistics, and this is followed by conducting a non
parametic 1-Sample Sign test, which examines central tendency but does not capture the
strength of consensus of the respondents. Then, the survey responses were fitted to a
multinomial distribution. The multinomial test was conducted to assess the null
hypothesighat the parameters of the multinomial distribution equal a specified value.
The multinomial test provides an assessment of consensus amongst responses but only
within a confidence intervalAlthough thesemethodologies suggest a central tendency,
they d not fully capture the level of agreement in each of the responses; therefore, it is
necessary to strengthen the initial findings by introducing a methodology that$oous
measuring response consensus, nathelyevel of agreement (or disagreementhwi

respect to each of the proposed elem#r@proposednentoring programin this
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context, consensus refers to the o6l evel of
category suchelvel of agreement converges to. Next,ttehematical model that
captureghe level of consensus and/or dissention for each of the questions in the survey

instruments presented

D.2.Consensus model
This model was developed by Tastle and Wierman and published in the

International Journal of Approximate Reasoning2007) For their modl, the authors

build upon theentropy concept researched by Shanfi®8) and t hey i ncorpor

probability distribution and the distance between categories to produce a value spanning
t he uni (Tastlel&tWaermarg 2007, p. 532)hey refer to this figure as the

CONSEensus meare. I n their paper, they explain how

t

t hat all ows for a Al ogi cal determination of

contained in a Likert scaloe.anTdh eayitsgnuaemet ht ahti
complement is digsn t i(2007,(. 532)

To develop their consensus modelstlaand Wierman expled various works
on consensus measureme(terrera, Herreriedma, & Verdegayl1996; Szmidt &
Kacprzyk, 2001, 2003; Tcha et al., 200a)he work by Herrera, et al. focuses on the
development of a model to build consensus in group deemsaking under linguistic
assessments. Such model requires a series of calculations anchgdtedtaare not very
intuitive for the reader. The authors use a set of factors and quantifiers to develop a
mo d e | that accounts for the incorporation

maki ng s up p(barréraesagl.,s1996, m<.3) 0
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Tastle and Wierman also examine other consensus models in the wrkhayet
al., 2000)which investigatethe conmonality and differences of opinion among various
PhD students in Australia in regards to various economic issues and university economic
education(Tchaetal.,, 20000 They conduct anofédoasemed ysi s of t
among s viausdreenreseaich as specifiedTcha et al., 2000, p. 3yhe set of
guestions in the survey have four options toock e f r om: fAagrems, agree
di sagr ee (fchaetal, @G0, p. &0o assess the survey results, the authors
l ook at the mean, whi c-hverage of the meicentgjofdoure d as t h
opt i(dchasedal., 2000, p. 10yhen, for the consensus measure, which is of
relevance to this dissertation, ttrhepy,ud hor s
which is defined as fAone minus the ratio of
entropy over al/l r e s p o(hchaeet ab, 2000, p. aFhei ncl udi ng
authors then combine two of the categories into one and obtain three categories for their
analysis. Next, they calculate the maximum entropy of the categories. The concept of
maximum entropy is well defined lfiPendfield, 2004)whoe x pl ai ns how fAentro
its maximum value when all probabilities are equal,and @t he resulting va
is the | ogar it hm (Rehdfieldh2604,p. .BATheaesultiog equatiorat e s 0
utilized in the work by(Tcha et al., 2000G}:
- AGEIIIOOT By IE NWherepi is the poportion of responses.
Moreover, since there are three (3) distinct categories, the entropy equation becomes:
- AGETRIIOOT @Uw ool T oo
Finally, since the authors define consensus as the complement of the relative entropy, the

final equation $:
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The authors argue that given the proposed co
represents perfect consensus, 0 andTcha final s
et al., 2000, p. 10)Other researchers studying consensus theories concur with the
assumption that the level of consensus spans the unit interval from(Rdopkzyk et
al., 2009; Szmidt & Kacprzyk, 2001, 2003)
Finally, (Tchaetal.,, 2003 mpat hi ze the conbkeneas iMmaamadutkat
value of A0.5 should not benimperfeet edonaesn
and compl e t(Echacktak, 200 3 LiBurthiermore, the authors point out
the need to quantify the measure to better assess of the corgessgth, and to this end,
Tcha et al. turn to the work ¢f. Anderson & Blandy, 1992who propose a set of
ranges to quantify the consensus measure mor
consensus is anything over about 0.4, anything around @bl Wwe convincing, while an
over whel ming consens u@®.Andensdn & Blandyp193,pp.. 7 or mo
21i 24).

In summary, the consensus metric utilized in this dissertationgmally based
on the works byM. Anderson & Blandy, 1992; Shannon, 1948; Szmidt & Kacprzyk,
2001, 2003; Tcha et al., 200énd further developed and refined in the workgTasle,
Wierman, & Dumdum, 20059ndthen by(Tastle & Wierman, 2007)The final

consensus measure used in this diaten is:

ceid® p B niicp —

Where, X is any finite discrete random variable with probability distribui(ar)
%8 B NnoQt EOEIAAATZEZd A & OEAE AIOSHA @ 8 8
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