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Abstract 

ABOUT A DECADE AGO, a model known as the Latent Failure 

Model became influential in shaping the manner in which the aviation industry 

approaches the treatment of human error. It suggested that 'latent conditions ' , 

introduced into technological organisations, influence the qualitative and 

quantitative nature of error and safety . 

Under the present thesis,  the underlying  culture of an organisation 

represents a pervasive latent condition that i nfluences safety. Using  quantitative 

questionnaire methods, this research examined the relationships between culture, 

and safety and error in aviation maintenance. An Organisational Culture Measure 

(OCM), a Safety Culture Measure (SCM), and three indicators, which assessed 

error level and safety, were administered i n  six aviation maintenance 

organisations in New Zealand. 

The conclusions, based on the analyses of organisationally reported 

error data, are: (a) organisations reporting a higher number of errors are safer than 

those reporting lower numbers (it is suggested that this may be due to these 

organisations having good reporting systems in  place), and Cb) the control 

exercised by organisations, exemplified by compliance with rules , performance 

orientation, power-0l1ented autocracy, and passion for industry, co-operation, 

communication, rewards, and the perceived level of safety are related to the levels 

of error and safety reported in these organisations. Specifically, organisations 

demonstrating higher levels of control appear to be safer than those with lower 

levels. 

The research also examined errors reported directly to the researcher 

from individuals in one of the organisations taking part in the study. These data 

indicated that where employees are developed within the organisation by work 

diversity and being allowed to develop at a personal level, and where the 

organisation exercises control, then individuals report fewer errors. This result 

may seem paradoxical in the light of (a) above, regarding organisational error 

reporting and its proposed relationship with safety; however, it is suggested that 
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organisationaVinstitutional reporting IS a different phenomenon to individual 

reporting, the former reflecting the objective performance of organisations, the 

latter reflecting an individual's self-awareness and the attributions arising from 

these. In addition, managerial willingness to address safety issues and an 

appreciation of the importance of safety issues in the workplace have positive 

relationships with the number of self-reported errors . Management should overtly 

indicate their approval of safety practices and routinely monitor the safety culture 

of their organisations. 

This research cautiously suggests that the organisational culture of 

aviation maintenance organisations in New Zealand is relatively homogeneous. 

This indicates that similar safety interventions can effectively be applied across 

sllch organisations .  

Whilst the utility of the quantitative methods used in this research has 

been demonstrated, it is argued that in themselves they provide insufficient detail 

to explain the complex interactions between organisational culture and safety. The 

research suggests the value of using a range of methods, both quantitative and 

qualitative, in the examination of aviation maintenance culture, error, and safety. 

IV 



Acknowledgemen ts 

I WOULD LIKE to acknowledge the following for their advice and 

counsel over the several years and many challenges that were faced in completing 

this work. S incere thanks to my supervisors: Or. Hillary B ennett, Or. Ross St

George, Or. Carol S lappendel and, in particular, Or. Bernie Frey. I would also like 

to thank Mr. Richard White and Mr. Peter Nalder of the Civil Aviation Authority 

in New Zealand, Or. Gordon Vette and a number of colleagues in New Zealand 

and overseas, who provided assistance and ideas. I am grateful to my many and 

special friends, particularly B elinda, who over the years constantly asked me 

"How is the PhD going?" even when it wasn ' t .  Finally, thanks to my parents 

and all who I count as 'family', for supporting me in finishing this project. 

v 



Vl 



TABLE OF CONTENTS 

C HAPTER I.OVERVIEW OF THESIS ..................................................................................... 18  

1 . 1 .  BACKGROUND TO THE RESEARCH ........ , . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . .. . . . . . ... . . . . . . . . . .... . . .. . . . . . . . . . . . . . . 20 

1 . 1 . 1 .  Organ isat ional and safety culture ..... ............ . ................ . ........ . ...... ... . ...................... 20 

1. 1.2. Aviat ion mainten ance elTor ........... ............ . ... ........ . ..... . . . . . . . ........ . .............. ..... ..... . ... 23 

1 .2 .  PURPOSE AND SIGNIFICANCE OF THIS RESEARCH . ... . .. . ..... . . . . . . .. . .. . . . ........ ........ . . .... . ......... .. . .. 26 

1 .3 .  RESEARCH METHODS .. . ... ................. . . . . . . .... . ....... . . ........ .... . . . . ... .... . .... .......... ... . ..... . . ............. 27 

1 .4. STRUCTURE OF THE THESIS ...... ............... . .......... . ... . ................... ........ . ................ . .. . , . . . . . . . . . . .  29 

C HAPTER 2. LITERATURE REVIEW ..................................................................................... 30 

2.1. THE NATURE OF AVIATION MAINTENANCE . ... . .... . .... ... ............. .. . ...... . ... . . .... ......... . . . ... . ........ 31 

2 . 1 .1. Aviat ion technologies and aviat ion maintenance act ivit y  . . .. . . .... ... . ........... ....... ...... . . 33 

2 . l .2 .  Plan ning aviat ion maintenance act ivit y  ... . . . ........... ...... . . ...... . ...................... . ... . ........ 34 

2. 1 .3 .  Aviation mainten ance e11'0r ....... .............. . . . . ............... . ............ ........ ........ . . ..... .. ....... 35 

2.1.4. Impact of aviat ion mainten ance ell'Or on aviation safety . ........................................ 38 

2 . 1 .5. The cost of aviat ion maintenance elTor ..... ....... ..... .......... . ... . .................... .. . ............ 40 

2 . 1 .6 .  Deregulation and the impact on safety and maintenance error ......... .. . ... . . . ............. .40 

2 . 1 .7 .  Managin g  aviat ion mainten an ce e11'0r through informat ion and data-capture 

technologies ............ . . ...... .............................. . .. . ..... . . . . .... . ............. . ............... . ........ . . ............... 41 

2 .1.S. , Management of aviat ion maintenance enor and human resources ... . . ...... . . ......... . ... 43 

2, 1 .9, Summary .... , . . . .  , . . , . . . . . . . . . .  , . . . . . . . . .  , . . . . . . .  ", . . ,., . .... .  , ., . . , . . .  "., . .. . . . . . . . . . . . . . . .  , . . . . . . .  , . . . . . . . . . .  , . . . . . . . .  44 

2,2. ORGANISATIONAL APPROACHES OF HUMAN ERROR . . . ....... . . ............... . ......... ... . ... .............. .45 

2 .2 .1. 

2 .2 .2 .  

2 .2.3, 

2 .2.4, 

2 .2,5, 

2,2.6. 

The problems with an individual approach to human enor . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .45 

Benefit s of an organ isat ional approach to  human eHor ... . . . . . ................. .. . .............. .45 

How accident s are inherited .. . ............... .. ............... ........... . ...... . .. ....... . ..... . .......... .... 46 

The Latent Failure Model ..................... . ............... . . . ... . ....... ......................... , . . . . . . . . . .. 48 

Introducing l atent condit ions to organisat ions . .............. ... . ...... ...... . .. . . . ......... ...... . .... 50 

Summary ............ ...... ... , . . . . . . . . . , . . . . . . . . .. . . . . . . . .. . . . . ... . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .. . . . . .. . .  52 

2 .3 .  ORGANISATIONAL CULTURE; ITS !MPACT ON AVIATION MA!NTI;NANCE ERROR AND SAFETY 

.......................................................................... . . .............................................................. 53 

2 .3 . 1 .  General Failure Types and organisat ional cult ure ..... . .............. . . .. . ................. . ........ 53 

2 .3 .2 .  O rgan isat ional cult ure and organisat ional climate . . ...................... . ... . .. . . ... . ... ...... ..... 55 

2,3,2,1 . Organisational culture in the national and international context .. 

2,3,2,2, Organisational safety culture ........................... , 

2,3.2,3, Characteristics of safe and unsafe cultures ... .. 

2,3,2.4, Safety culture and organisational structure .. 

.. ...... 60 

............. 64 

, .. ,65 

., ...... 68 

VU 



2.3.2.5. Safety culture and the learning organisation ................... ..................... .................... ..... 69 

2.3.2.6. Safety culture and blaming organisations ................ . . ... . . . . ... .. ....... . . ............................... 70 

2.3.2.7. Safety culture and error reponing .................................................................................. 7 1 

2.3.3. Summary ............................ . . ......... . .......................................... ........ ........... ............ 74 

2.4. THE THEORETICAL AND CONCEPTUAL FRAMEWORK FOR THIS RESEARCH .... ............... . ... . .  76 

2.4.1. Themes emerging from the literature .............................. ............... ............. . ...... . .... 77 

2.4.2. Aims and hypotheses for this research .... . ................................... . . ............. : ............ 78 

2.4.2.1. Aim 1: Investigation of human error types in aviation maintenance in ew Zealand ...... 80 

2.4.2.2. Aim 2: Qualitative measurement of maintenance error in New Zealand . . .. . ........ . . .. . . .. . . .  80 

2.4.2.3. Aim 3: An examination of en' or frequency and safety performance in aviation 

maintenance organisations in ew Zealand ..................... . . ................. . ............... ........................... 80 

2.4.2.3.l. Hypothesis 1 ....................................................................................................... 8 1 

2.4.2.3.2. Hypothesis 2 ....................................................................................................... 8l 

2.4.2.3.3. Hypothesis 3 .......... ................................... , ....... ........... ..... . . . ....... . . . . . . ......... . . ... 8 1 

2.4.2.3.4. Hypothesis 4 .......... . . ...................................... ..... .................................... .. � 

2.4.2.4. Aim 4: The homogeneity of organisational culture in aviation maintenance organisations 

in New Zealand ... ... . . .. . . . . . . . . . . . . . . . . . . . . . . ...................... ...................... ...... . .. . . ... . . . . ..... ............... . .... . . . . .. 82 

2.4.2.4.l. Hypothesis 5 ....................................................................................................... 83 

2.4.2.4.2. Hypothesis 6 ....................................................................................................... 83 

2.4.2.4.3. Hypothesis 7 ....................................................................................................... 83 

2.4.2.5. Aim 5: Cultural characteristics and safety level of aviation maintenance organisations in 

ew Zealand ....... . . ......... .. . . ............ ... . . .. . . ...... . . . . ............ . . .. . . . . .... . . . ......... . . . . ......... . .. . ....... . . . . ...... . ... . .  83 

2.4.2.5. L Hypothesis 8 ....................................................................................................... 84 

2.4.2.5.2. Hypothesis 9 ..... . . . ....... . .. . . . . . . . . ... ..... . . . ......... ................... . . .. . . . ........................... ... 84 

2.4.2.5.3. Hypothesis 10 ..................................................................................................... 84 

2.4.2.6. Aim 6: Assessment of safety culture in aviation maintenance organisations in New 

Zealand ....... . .. . . . . . . . . . . . .................. . . . . ......................................... . . . . . .................... . . .. . . . . . . . . . . . .......... 85 

2.4.2.6.l. Hypothesis II ........ .......... . .. ............ . . ......................... . ..... ....... ................. . . . . . .  85 

2.4.2.6.2. Hypothesis l2 ..................................................................................................... 85 

2.5. CHAPTER SUMMARY . . . . . . . . . ................................................................................................ 86 

CHAPTER 3.DEVELOPMENT OF THE MEASURES .......................................................... 87 

3.1. VALIDITY AND RELlAB[LlTY IN MEASUREMENT.. ... ..................... .......... ... . . . . ...... . ... . ........... 89 

3.2. REPEATED MEASURES, INTERNAL CONSISTENCY (RELIABILITY) AND VALIDITy ..... ........... 94 

3.3. DEVELOPME T OF THE ORGANISATIONAL CULTURE MEASURE (OCM) AND SAFETY 

CULTURE MEASURE (SCM) ........................................... ............................. . . .......... ... . . . . . . . . ........ 95 

Vlll 

3.3.1. Background to the development of the Organisational Culture Measure ............... 95 

3.3.2. Administration of the Organisational Culture Measure .... . . .... . ......... . ..................... 98 



3.3 .2. 1. Objectives .. . . ... lOO 

3.3.2.2. Method .... . .  . ...... lOO 

3.3.2.2. 1. Participants .. 

3.3.2.2.2. 

3.3.2.2.3. 

Materials ...... . 

Procedure ................... . 

3.3.2.2.4. Ethical considerations 

3.3.2.3. Results and analysis. 

3.3.2.4. Post pilot study development of the Organisational Culture Measure. 

.. lOO 

.. LOO 

10 1 

101 

.. 10 1 

.104 

3.3.2.5. Conclusions from the development of the Organisational Culture Measure.. .. 106 

3 .3 .3 .  Background to  the development of the Safety Culture Measure ...... . .. . . .. ............. . 1 06 

3 .3 .4. Administrat ion of the Safety  Culture Measme ..... ..... ......... . . . . . . ......... .. ... . . .. . .......... 1 09 

3.3.4. 1. Objectives ... .. . ........ ..... . . .  .................. 109 

3.3.4.2. Method ..... 

3.3.4.3. Results and analysis .... 

.. 109 

. 109 

3.3.4.4. Post pilot study development of the Safety Culture Measure.. 1 10 

3.3.4.4. 1. Conclusions from the development of the Safety Culture Me,l)ure .. . .. ..... 1 10 

3.4. DEVFLOPMENT OF THE SAFETY INDEX MEASURE (SIM) . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  

3 .4. 1 .  Reliability of t he Safety Index Measure . .. .. . ..... . ....... ............ . .... ..... . . .... .. . ............. . 1 1 2 

3 .4.2. Conclusion f rom the development of the Safet y  Index Measure . ............. .... . ........ 1 1 3 

3.5. DEVELOPMENT OF THE MANAGERS' SELF-REPORT GENERAL FAILURE TYPES (FTMAN) 1 1 4 

3.6. DEVELOPMENT OF THE ERROR FREQUENCY INDEX (EFl) .. . ...... . . ... .... .. . .. . ... . . .. .... . .... . ... . .. . 1 15 

3.6.1. B ackground to the development of the Error Frequency Index . ....... .......... . . . . ....... J 15 

3 .7 .  SELF-REPORT ERROR MEASURE (ERR-SELF) .. .... ............................. . ........ . ...... . .... . ....... . . . 1 1 7  

3 .8. DETERMINATION OF THE SUMMED SAFETY RANK . . ... . . ....... . ....... .............. . . . . ............ .. . .... 1 18 

3.9 .  CHAPTER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9 

CHAPTER 4. METHOD ............................................................................................................. 1 2 0  

4. 1 .  DESCRIPTION OF ORGANISATIONS AND PARTICIPANTS ....... .......... . ... . . ....... . ... . . .. .... . .. . .. . .. .. 1 2 1  

4.1 . 1 . Organisat ions .. . . . . ...... .............. . ................. ........................ ... . . . .. .... ....... .......... .. . .. . . . 1 2 1  

4. 1 .2 .  Part icipant s  .. . . . . . . . . . . .. . . . ......... ....... . ..... . . .. .... . .......... .... . . . .. ......... ............... .. . ......... . .... 1 21 

4. 1 .3 .  Materials . . . . . .. . .............. ........... . . ..... . . . . ...... . .. . .. ... . ... . . . .. . .. . .... . . .. . . . ... . . .. ... . ... . . ... . . ... . . . . .  1 23 

4. 1 .4. Procedure .. .. ......................... ................................. . ......................... . .. . .. ..... ......... . . . 1 23 

4.2. CHAPTER SUMMARY .......... . . ...... ......... .. .. . ... .. .... ............ ... . .......... ............ ......... . . . . . . ...... . ... 1 27 

CHAPTER 5.RESULTS AND ANALySES ............................................................................. 1 2 8  

5. 1 .  DESCRIPTION OF THE RAW DATA .... .. . . . . .. . .. . . ... . . .. ..... ..... ... ........ .... . ... . . ........ . .. . ...... ......... . . . . 1 29  

5.2. AIM 1 :  INVESTIGATION OF HUMAN ERROR TYPES IN AVIATION MAINTENANCE IN NEW 

ZEALAND ........................................................................................................... . ...................... 1 3 1 

5.2. 1 .  Frequency analysis of human enor failure types exist ing on the Civil Aviat ion 

IX 



x 

Authority database .............................................................................................................. 131 

5.2.2. Summary: Aim 1 ................................................................................................... 133 

5.3. AIM 2: Q UALITAT[VE MEASUREMENT OF MAINTENANCE ERROR IN NEW ZEAL AND ........ 134 

5.3.1. Summary: Aim 2 ................................................................................................... 134 

5.4. AIM 3: AN EXAM[ AT[O ERROR FREQUENCY A D SAFETY PERFORMANCE [N AV[AT[ON 

MAINTENANCE ORGA [SATIONS [N I EW ZEALA D ...... ........... . ................ ................ ......... . . ..... 135 

5.4.1. Hypothesis 1 ......................................................................................................... 135 

5.4.2. Hypothesis 2 ......................................................................................................... 136 

5.4.3. Hypothesis 3 ......................................................................................................... 137 

5.4.4. Hypothesis 4 ......................................................................................................... 139 

5.4.5. Summary: Aim 3 ................................................................................................... 140 

5.5. AlM4: HOMOGENEITY OF ORGANISATIONAL CULTURE I AVIATIO MAINTENANCE 

ORGANISATIONS IN EW ZEALAND .. ..... .... ........ ... ..... . . .... . . ................... ................ .... . ... . . ...... . ... 143 

5.5.1. Hypothesis 5 ......................................................................................................... 143 

5.5.1.1. Organisational Culture Measure sub-scales. Safety Culture Measure proflle analysis . . .  143 

5.5.2. Hypothesis 6 ................... : ..................................................................................... 148 

5.5.2.1. Factor analysis of the Organisational Culture Measure . . . . . . . . .... ............... .................. . . . .  148 

5.5.3. Hypothesis 7 ................................................................................... : ..................... 151 

5.5.3.1. Multiple regression of the factor analysi of the Organisational Culture Measure onto 

Self-Reponed Errors (Err_self) ................... . . . . .. . . . . . .. . .. . .. . . . ... .. . . ........... . . .. . . . . . . . .......... . . . ..... . . ......... 151 

5.5.4. Summary: Aim 4 ................................................................................................... 152 

5.6. AIM 5: CULTURAL CHARACTERISTICS AND SAJ-""ETY LEVEL OF AVIATION MAINTENANCE 

ORGANISATIONS IN EW ZEALAND .......................................................................................... 154 

5.6.1. Hypothesis 8 ......................................................................................................... 154 

5.6.1.1. Determination of safety ranks . . ..... . ........ . . . . ...... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .... . ... . . . . .. . ......... . . . . . . 154 

5.6.1.2. Discriminant function analysis of the Organisational Culture Measure sub-scales and the 

Safety Culture Measure on the safety groups . . ..... .... . . . . . . .. . .. . . . . . . . . . . . . .. . . . . . . .. . . ... . ................. . ........... 156 

5.6.1.3. Testing for conceptual overlap in the measures . .. . . ..... . . . ....... . . . ... ... . . ................... .......... 162 

5.6.1.3.1. Testing for conceptual overlap between the Organisational Culture Measure and 

the Safety Culture Measure, and the Safety lndex Measure .......... . . . . . . . . .......... . . . ..................... 162 

5.6.1.3.2. Testing for conceptual overlap between the Organisational Culture Measure and 

the Safety Culture Measure ... . . ............................... . .. . ............ . . ...... . . . . ................ . . .. . .......... . .... 165 

5.6.2. Hypothesis 9 ......................................................................................................... 166 

5.6.2.1. Bivariate correlations between Safety Culture Measure and the Organi ational Culture 

Measure sub-scales ...................... . . . . . . . ....... . . . . . . . . . . . . . ..... . . . . ........... . ..... . . . . . . .. . . . . . . . . . ......... . . . . . . . . ...... . .  166 

5.6.2.2. Multiple regression of Organisational Culture Measure sub-scales OOlO the Safety Culture 

Measure . . .. . . . .. . . . . . . . . . . . . . . . . .... . . . . . . . . . . .. . . . .. . . . ........................ . . .. . . . . . ...... . . . . . .. . . . . . . . . . . . . . . . . . . . .................. 168 

5.6.3. Hypothesis 10 ....................................................................................................... 170 



5.6.3.1. Discriminant function analysis of the Organisational Culture Measure sub-scales and the 

Safety Culture Measure on the site of origin in Organisation 7 .. .................. ... 1 70 

5.6.4. Summa ry: Aim 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 73  

5.7. AIM 6: ASSESSMENT OF SAFETY CULTURE IN AVIATION MAINTEN ANCE ORGANISATIONS IN 

NEW ZEALAND .................... .. ............ . .......... ............ ..... . .... . .. . ........ .... . .. . ..... .............................. 1 75 

5.7 . 1 .  Hypothesis 1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  175 

5.7.1 .1 . Factor analysis o f  the Safety Culture Measure (OCM) .. . .. ..... ! 75 

5.7.2. Hypothesis 1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 78  

5.7.2.1 . Multiple regression of the principal factors of the Safety Culture Measure onto Self-

Repotted Errors (Err_self).. . .. . ........... .... ............... .. 178 

5.7 .3 .  Summa ry: Aim 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 80 

5.S. MAIN FINDINGS FROM THE RESEARCH . . . . . . . . .. . . . . .. ............ . . ........ . . ..... ... . .... . .............. ... ....... IS l 

CH APT E R  6. DISCll SSION ............... .... ..................................... ....... .............................. .......... 1 83 

6. 1 .  WHAT WAS PLANNED AND WHAT ACTUALLY HAPPENED .. . . .. . .. . . ....... ... . .. .. ...... . .... ............ 1 84 

6.2. SAHn'y BEHAVIOUR (SB) AND THE NATURE OF ERROR IN AVIATION MAINTENANCE ...... 1 86 

6.2. 1 .  Enor Frequency a nd sa fety beha viour in a via tion ma intena nce orga nisa tions in  

New Zea la nd . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 93  

6.3 .  ORGANISATIONAL AND SAFETY CULTURE IN AVIATION MAINl1,NANCE ORGANISATIONS 1 95 

6 .3 . 1 .  Orga nisa tiona l  Culture . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 95 

6.3 .2 .  Sa fety culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 98 

6.4. RELATIONSHIPS THAT EXIST BE"lWEEN ORGANISATION AL CULTURE (OC), SAFETY 

CULTURl! (SC), AND SAFETY BEHAVIOUR/INDICATORS (SB) ...... . ... .. . .. . . . . . ... .. . .. . ...... . .. .. . . .. . . ..... 200 

6.4. 1 .  Discussion of Orga nisa tion 7' s results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  204 

6.5. THE IMPLICATIONS FOR FUTURE RESEARCH AND THE AVIATION MAINTENANCE INDUSTRY ... 

............................................................. ................... . ............ . . . . ......... . . . . . . . ....................... 207 

6.5. 1 .  Summa ry of the conclusions a nd implica tions from th i s  research . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 2  

A PP EN DIC E S  ............................................................................ ................................................. 2 1 5  

AppendLx A :  Measures used in this research ....... . 

Appendix B: Measures reviewed in the literature .... . . 

.. .... ' .. 21 6 

.. .... 267 

Appendix C: Items developed for the pilot version of the: Organisational Culture Measure, 

Organisational Culture Measure items by sub-scale ... 

Appendix D: Software and supporting documentation ............. . .  

Appendix E :  Sample documentation supplied t o  patticipants ...... . 

......... 289 

...... 289 

.. 301 

.. . ......... 308 

Appendix F: Measure of agreement on the Safety Index Measure (SIM) across subsequent 

administrations of the measure ...................... . ........ 311 

Appendix G: Human error cause codes on Civil Aviation Authority of New Zealand database 

Xl 



. . . . . . . . . . . . . . . . ........ . . . . . ........ . . . . . . . . . . . . . . . .. . . . . ....... . . . . . . . . . . . . . . . ........ . . . . . . . . . . . . . .. . ....... . . . . . . . . . . . . . . ... . . . . . . . . .  315 

Appendix H: Safety Index Measure and Managers' Sclf-RepOlt General Failure Types raw 

data for Organisation 7 . . . . . . . .. . .. . . . .... . . . . ... . . . .. . . . . .. . . . . ....... . . . . . . ..... . . ..... , ................................. 319 

Appendix I: Documentation to research progress review meeting .. . . ...... . . . . . . ...... . . . ... . . . . . . . . .  321 

Appendix J: Descriptive statistics . .. . . . . . . . . ... .. . . .. . . ... . ................................................... 326 

Appendix K: Factor Loading Matrices for the Organisational Culture Measure and the Safety 

Culture Measure . . . . . . . . ........ . . . . . . . ... ...... . . ....... . . .. . . . ......... .. . .. . .......... . . . . . . . . . . . . ....... . . . . . ........... 334 

Appendix L: Classification success of Organisational Culture Measure discriminating safety 

group (Safety Culture Mea ure removed from independent (predictor) variable . . . . . . . . . ....... 341 

Appendix M: Rotated Component Matrix for the Organisational Culture Measure and Safety 

Culture Measure items . . . . . . . . . . . .. . . . ..... . . . ... . . . ............. . . . . . . . . . . . . . ... .... . . ...... . . . . . ....... . . . . ... . . . .. . . ..... 343 

REFERENCES ........................................................................................................................... 348 

Xll 



LIST OF FIGURES 

Figure 1: T he ca uses of hull loss a ccidents from 1 982 to 1 99 1  (Adapted from Gra eber & Ma rx, 

1�3.). M 

Figure 2: T he huma n  in the a via tion ma intena nce system (Ada pted from J ohnson & Shepherd, 

1 993.) .  3 1  

Figure 3: Interventi ons made a t  hi gher levels i n  the orga ni sa ti on influence the genera tion  of errors 

a t  lower levels. 47 

Figure 4: Active a nd la tent fa ilures (conditions) combining to ca use a n  error event (Ada pted from 

Ma urino et a l . ,  1995.). 49 

Figure 5: Rea son's  La tent Fa ilure Model: T he a rrow shows the trajectory of the effects of a fa ilure 

through t ime (Ada pted from Rea son, 1 990, p. 208.). 50 

Figure 6: Common elements i n  the dev elopment of a n  a ccident (Ada pted from R ea son, 1 992.). 51 

Figure 7: R epresenta tion of Schein' s  ( 1990) model of orga nisa ti ona l  culture. 59 

Figur e  8: La yers of orga nisa tiona l  culture i n  a n  orga ni sa tion (R oussea u, 1 990) . 60 

Figur e  9: An a via tion ma intena nce orga nisa tion in New Zea la nd nested wi thi n  a va ri ety of shells 

of cultura l  i nfluence. 6 1  

Figure 1 0: T he multiple cultures sUH ounding flight crews (Helmreich & Wilhelm, 1 999). 62 

Figure 1 1 : T heoretica l model of the pa ths between different a spects of culture a nd thei r  i nfluences 

upon crew peli" orma nce (Ada pted from Helmreich & Wilhelm, 1 999; the rela tionships of interest 

to thi s  thesi s a re shown i n  colour.) . T he solid li nes i ndica te rela ti onshi ps for whi ch  empi ri ca l  

evidence exi sts; dotted li nes a re hypothesised rela ti onshi ps. 63 

Figure 1 2: Hypothesised eH or detecti on ra tes; the effects of error frequency a nd effi ci ency of elT or 

detection. 7 3  

Fi gure 1 3: T heoreti ca l  model of the pa ths between di fferent a spects of cultur e  a nd their  i nfluence 

upon crew performa nce. T he ba lloons show the va rious mea sures developed for th is resea rch  

(Adapted from Helmreich & Wilhelm, 1 999.). 7 9  

Figure 1 4: Screens from the da ta- collecti on soft wa re .  99 

Figure 1 5: Tim e- li ne for resea rch. 1 20 

Figure 1 6: Sca tterplot for the En or Frequency Index (EFl) a nd the Sa fety Index Mea sure (SIM) .  

1 36  

Figure 1 7: Sca tterplot for the Error Frequency Index (Ef l) a nd the Mana gers' Self-Report G enera l  

Fai lure T ypes (FT ma n) .  1 3 7  

Figure 1 8: Sca tterplot for the EITor Frequency I ndex (Efl) a nd the Sa fety C ulture Mea sure 

(FT ma n) .  1 39 

Figure 1 9: Orga nisa ti ona l  Culture Mea sure sub-sca le score a nd Sa fety Culture Mea sure score 

profiles . 1 45 

xiii 



Figure 20: Eigenvalues from the principal axis factoring of the Organisational Culture Measure. 

149 

Figure 21: Scatterplot showing the discriminating ability of Functions 1 and 2. 161 

Figure 22: Eigenvalues from the principal axis factoring of the Safety Culture Measure. 176 

XIV 



LIST OF TABLES 

Table 1: A comparison of aviation maintenance and flight operation characteristics (Adapted from 

Ruffner, 1990.) .  33  

Table 2 :  Civil Aviation Authority of the United Kingdom aviation-maintenance-related 

occurrences generating an abnormal operational effect fonhe years 1981-1991 (Saul, 1993). 39  

Table 3: How organisations treat information (Westrum, 1993). 69 

Table 4: Detection of errors. 73 

Table 5: Measures developed for the research.  88 

Table 6: Internal consistency of the 21 sub-scales (170 items) of the Organisational Culture 

Measure (p .05). 103 

Table 7: Sub-scales contained in the final version of the Organisational Culture Measure. 105 

Table 8: Comparison of safety culture factors from empilical research studies. 108 

Table 9: Measure of agreement for the Safety Index Measure. 113 

Table 10: Participants by organisation responding to the Organisational Culture Measure and 

Safety Culture Measure data collection. 122 

Table 11: Outcome of data collection process. 126 

Table 12: Participants providing data by organisation. 129 

Table 13: Human error cause codes on CAANZ database for the six maintenance organisations in 

the 24-month study period. l 32 

Table 14: Correlation coefficients between items on the Safety Culture Measure and the Self

Reported Errors (ElT_self) in Organisation 7 (p < .05). 140 

Table 15: Mean scores for the Organisational Culture Measure sub-scales and the Safety Culture 

Measure, and associated Cronbach's ex' coefficients (p < .05). (All Org is the data for all the 

organisations pooled and the two sites of Organisation 7 are shown separately.) 144 

Table 16: Tests of equality of group means for the Organisational Culture Measure sub-scales and 

Safety Culture Measure for the maintenance organisations. 147 

Table 17: Eigenvalues from the principal axis factoring of the Organisational Culture Measure. 149 

Table 18: Description of factors extracted from the principal axis factoring of the Organisational 

Culture Measure. Items loading at .5 or above (Field, 2000). 150 

Table 19: Multiple regression of the six principal factors extracted on to the Self-Reported Errors 

(Err_self) in Organisation 7 .  152 

Table 20: Partial conelations for Factors 2 and 4 with Self-Reported Errors (Ercself) .  152 

Table 21: Rational for assigning safety ranks. 155 

Table 22: Ranks assigned to each organisation, representing the safety orientation, high ranks 

equate to high safety. 

Table 23: Univariate Wilks' AS. 
156 

157 

xv 



Table 24: Loading matrix, cOITelation of vatiables with canonical functions, 

Table 25: Standat'dised coefficient matrix, 

158 

158 

Table 26: Classification matrix for the Organisational CulLure Measure sub-scales and the Safety 

Culture Measure, predicting membership of high, medium and low ranked safety groups, based on 

Summed Safety Ranks, 

Table 27: Means of the canonical vat'iables for each group, 

160 

161 

Table 28: Ranks assigned to each organisation (Summed-Rank minus the Safety Index Measure), 

163 

Table 29: Classification matrix for the Organisational Culture Measure sub-scales and the Safety 

Culture Measure, predicting the rank score for E11'0r Frequency Index/Managers' Self-Report 

General Failure Types (EFlfFfman), 164 

Table 30: Principal components analyses of the Organisational Culture Measure and Safety 

Culture Measure items, to test for conceptual overlap, 165 

Table 31: Con'elation coefficients (Pearson's) of the Organisational Culture Measure sub-scales 

and Safety Culture Measure (N = 520, P < ,00 I), 167 

Table 32: Forwat'd stepwise multiple regression of the Organisational Culture Measure Sub-scales 

onto Safety Culture Measure, 168 

Table 33: Forwat'd step wise multiple regression of the Organisational Culture Measure sub-scales 

onto Safety Culture Measure; vat'iables entered at each step, 169 

Table 34: Pattial correlations for Organisational Culture Measure sub-scales with Safety Culture 

Measure, 169 

Table 35: Discriminant function analysis summat'y of the Organisational Culture Measure sub-

scales and Safety Culture Measure (SCM) predicting site in Organisation 7, 

Table 36: Loading matrix, con'elation of vat-iables with Function 1 .  

Table 37: Standardised coefficient matrix, 

171 

l71 

172 

Table 38: Classification matrix for the Organisational Culture Measure sub-scales and the Safety 

Culture Measure, predicting site in Organisation 7, 172 

Table 39: Means of standat-dised canonical vat-iables for each group, 173 

Table 40: Eigenvalues from the principal axis factoring of the Safety Culture Measure, 176 

Table 41: Description of factors extracted from the principal axis factoring of the Safety Culture 

Measure, 178 

Table 42: Multiple regression of the principal factors exu-acted onto the Self-Reported Errors 

(En-_self) in Organisation 7; only significant factors at'e shown, l79 

Table 43: Partial corre lations for Factors 1 and 2 with Self-Reported Errors (En-_self) in 

Organisation 7, 179 

Table 44: Sub-scales of the Organisational Culture Measure and the Safety Culture Measures 

(SCM) and their relationship to safety indicators (p < ,05), 201 

Table 45: Showing the method of calculation for measure of agreement for the Safety Index 

XVi 



Measure. 312 

Table 46: Showing agreements on Safety Index Measure items using data across Time A and B .  

313 

Table 47: Spreadsheet showing the calculation for measure of agreement for the Safety Index 

Measure. 313 

Table 48: Spreadsheet showing Pearson ' s  r across subsequent administrations of the Safety Index 

Measure. 314 

Table 49: Human error cause codes on Civil Aviation Authority Database. 316 

Table 50: Calculation of Safety Index Measure Scores for Organisation 7 (Sites A and B) .  320 

Table 51: Calculation of Managers' Self-Report G eneral Failure Types for Organisation 7 (Sites A 

and B) .  Site A provided data from four sites . Site B from 6 sites. 320 

Table 52: Descriptive Statistics .  327 

Table 53: Con elations between safety behaviours/indicators. 333 

Table 54: Factor loading matrix for the principal axis factoring of the Organisational Culture 

Measure. 335 

Table 55: Factor loading matrix for the principal axis factoring of the Safety Culture Measure. 339 

Table 56: Classification matrix for the Organisational Culture Measure sub-scales predicting 

membership of high, medium and low ranked safety groups, based on Summed Safety Ranks. 

(Safety Culture Measure removed from independent (predictor) variable 342 

Table 57: Rotated Component Matrix for the Organisational Culture Measure and Safety Culture 

Measure items. 344 

XVll 




