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 BACKGROUND

In an effort to reduce aircraft mishap rates and in adherence to the principle that objective information is crucial to a sound analysis, the Department of the Navy has been collecting thorough aircraft mishap data since 1951.  The result is a large database maintained by the Naval Safety Center that can be analyzed to seek out causal relationships that contribute to aviation mishaps.

Further, in recognizing that an aviation command's safety climate is a probable factor influencing the likelihood that a squadron will experience loss of money, aircraft and lives in aircraft mishaps, the Department of the Navy's School of Aviation Safety began accumulating command safety climate data through the use of anonymous online surveys.  The online survey effort was initiated in 1998 and, currently, there are retrievable survey responses from as early as 25 July 2000.  The surveys continue to accumulate  dozens of new responses every day.  The result is a large data set representing safety climate survey results for the last 4 years from over 90,000 Navy and Marine Corps aircrew and maintenance personnel.

 In May and June of 2004, the survey data was tied to the corresponding Naval Aviation mishap data and revealed that the survey results are related to mishap likelihood.  Specifically, that study found that those aviation units with higher survey scores experienced fewer mishaps following the survey than lower scoring squadrons.

This study expands on the findings of those original results
 by looking more closely at the relationship between the MCAS (Maintenance Climate Assessment Survey) and aviation mishaps.  The components of this more detailed study include further data integrity refinements, an aircraft community breakdown of results, a mathematical representation of mishap rates and its demonstration of the survey to mishap relationship, and the results of running and evaluating a binary logistic regression on the data.  This report represents a major step in objectively showing a significant relationship between safety climate and actual mishaps.
DATA PREPARATION

Naval Safety Center Aircraft Mishap Data


The Naval Safety Center provided a complete list of all Class A, B, and C ground and flight Naval Aviation mishaps from 01 October 1997 through 01 April 2004.  The data includes an entry for every aircrewman involved in a mishap during the period covered.  Because this study concerns command safety climate, it was necessary to condense the database into a single entry per mishap (to avoid double accounting of mishaps).  This was achieved by looking only at the pilot/aircraft commander (denoted “PLTAC” in the database) for each mishap event, and only at the causal pilot/aircraft commander.  Thus, if a mishap involved a midair between two aircraft, only the responsible pilot's entry was used.  These steps ensured that each mishap was represented by one (and only one) entry in the database indicating which aviation command was found to be responsible 

The study aimed to determine whether the safety climate surveys had value in forecasting a unit's likelihood of mishap, therefore, those mishaps occurring prior to the earliest surveys were removed from consideration.  With the earliest survey results dated 10 August 2000, only mishap data from 10 August 2000 through 01 April 2004 were included in this study.


After reducing the mishap database to a single entry per responsible squadron and only mishaps that took place on or after 10 August 2000, the data represented 499 total mishaps composed of 112 Class A's, 85 Class B's, and 302 Class C's.
  

Squadron Safety Climate Survey Data


In August 2000 the Navy's School of Aviation Safety implemented an online program to survey members of aviation units regarding the safety climate of their respective command.  Two separate surveys were employed.  The Command Safety Assessment (CSA) survey was specifically designed for aircrew (pilots, NFOs, and enlisted aircrew) while the Maintenance Climate Assessment Survey (MCAS) was developed for squadron maintenance personnel.  The previous study into the predictive quality of these surveys showed MCAS to be a notably stronger predictor of mishap likelihood than the CSA survey, so this particular study focuses on the MCAS survey and all subsequent references to “the survey” in this report refer to it.  The survey is comprised of a number of demographic questions to determine the experience and responsibilities of the respondent followed by 43 Likert scale survey items.  Each survey item is a statement regarding a safety concept, policy, or practice and the respondent may provide seven possible responses:  Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree, Not Applicable, or Don't Know.  These responses are given numeric values of 1, 2, 3, 4, 5, 0, and 6 respectively.  For all but one of the survey's 43 Likert items, a positive response to the Likert item implies that the respondent takes a view that his/her squadron is addressing that issue in a safe manner.  The survey concludes with two open-ended items in which the respondent may provide a brief answer (up to 200 characters).  Appendix A provides the complete list of survey items for the MCAS survey.


The MCAS survey data studied covered the period from August 2000 through March 2004 and included responses of more than 55,000 individuals.  The vast majority of MCAS respondents are enlisted maintenance personnel.  Each unit typically completes the survey within a span of 30 days and a given squadron survey evolution is known as a "survey case."  Note, that if the same squadron opts to take the survey a second time several months after the first, that second survey will be considered a new, and separate, survey case from the first.


All responses were saved and were available for aggregate analysis.  Before meaningful numerical analysis was to proceed, the data required "cleaning".  This cleaning process involved several steps.  The first was to dismiss "Don't Know" and "Not Applicable" responses as these had no numeric value that offered safety-related meaning.
  The next step was to invert the response value of several survey items whose corresponding statement carried a negative meaning for safety.  In other words, to "agree strongly" to these negative statements was to express a strong negative view toward that safety issue.
  Thus, the numerical response values for these items were inverted such that a 1 became a 5, 2 became 4, and vice versa.  Further data analysis revealed that some respondents demonstrated a total absence of deliberation in completing the survey by answering with the same value for all survey items (termed flatliners) - the negatively framed question provided a check to see if this had occurred and when it had, that respondent's feedback was omitted.  The final cleaning step removed the open-ended responses from the database since they were not used in the numeric analysis of this research project.

In several instances, the squadron commanding officer requested multiple survey cases to assist him/her in distinguishing the input of various subgroups within their command.  For example, there were commands that requested separate survey case identifiers to distinguish the seniority of the survey respondents.  Others requested multiple survey cases to assist in identifying between detachment personnel and those of the home squadron.  Since this study is interested in the relationship between overall command climate as measured by the MCAS survey and mishap outcomes, it was necessary to identify and consolidate the survey cases of those squadrons which had more than one survey case identifier for a given survey cycle.

Because this study focused on the command level, each squadron's survey results were compiled into a single data entry, essentially one row in the summary spreadsheet.  The compilation involved saving the unit's case number, taking the average date of survey completion, counting how many responses were received for that unit, obtaining the unit average for each Likert item in the survey, and the cumulative average for all surveys in that unit.  If a unit had fewer than ten survey respondents, its results were not considered because such a case offered amplified opportunity for skewed results from any single respondent.  


After all survey data was reduced to one line per squadron, a Visual Basic program was run which connected the survey data to the associated mishap data.  The program searched the mishap data for matching squadron identity, and when found looked at the mishap date to ensure it occurred after the survey date and within some preset time window (i.e., 6 months, 12 months, 18 months,  or 24 months) after the survey.  It then appended the mishap information to that survey's entry in the squadron summary table.


When completed, a database of survey results and associated mishap information had been created and was ready for analysis.  Each line of the spreadsheet contained the following information:  
1. code number for the unit's first respondent
2. unit survey case identifier

3. abbreviated squadron name
4. aircraft community
5. average survey completion date of that unit
6. number of survey respondents for that unit
7. aircraft operated
8. unit averages to each of the 43 Likert survey items
9. overall unit survey average
10. averages for the safety category groupings of the survey

11. number of Class A mishaps within designated time period after survey
12. number of Class B mishaps
13. number of Class C mishaps
14. total mishaps during period of interest.


To assist in the duplication and validation of this research, an outline of the data preparation steps is provided in Appendix B.

Using the steps outlined in Appendix B, Table 1 provides information representing total respondents, survey cases, squadrons, and mishaps following surveys are included in the study.

	Data Set Description
	Total MCAS Respond-ents
	Total Survey Cases
	Navy Survey Cases
	USMC Survey Cases
	Total Sqdrns
	Survey Squadron Mishaps within 12 Months after survey
	Survey Squadron Mishaps within 24 Months after survey

	All Surveys before 01APR2004
	52,699
	561
	382
	178
	283
	208
	316

	All Surveys before 01APR2003
(Full 12-Month Mishap Window)
	34,307
	375
	243
	132
	242
	166
	274

	All Surveys before 01APR2003
(Full 12-Month Mishap Window) Minus 1 Outlier
	34,282
	374
	242
	132
	241
	161
	269

	All Surveys before 01APR2002
(Full 24-Month Mishap Window)
	17,221
	202
	112
	90
	168
	78
	160


Table 1 - Data Sets when Adjusted for Varying Mishap Time Windows and Outlier Data
It is instructive to point out that in all periods studied, less than half the surveyed units experienced a single mishap of any kind (Class A, B, or C).  This highlights the fact that mishaps are generally rare events.  This rarity of occurrence makes it important to study the data in groups large enough to produce statistically significant results.   

Whether to Include Surveys with Less than Full Mishap Time Window

Significant deliberation was given to the issue of whether to include surveys that do not possess the full time window to accumulate mishaps.  For example, when studying the relationship between survey results and the likelihood of a mishap occurring within 12 months after the survey is completed, there were many surveys completed in the final year of currently available mishap data.  Some of the recently surveyed squadrons did experience mishaps despite having less than 12 months during which to accumulate a mishap.  The question was how should this data be regarded?  The initial survey-mishap study retained all surveys for analysis since the reduced mishap window was expected to produce a more conservative estimate of correlation between surveys and mishap likelihood.  The conservatism of retaining all surveys can be seen in Table 2. It shows that when surveys not possessing the full mishap time window were removed from consideration, the correlation between survey results
 and mishap occurrence grew stronger (i.e., more negative).  The primary argument for retaining all surveys, even those with an abbreviated mishap opportunity time window, is that doing so increases the mishap counts to levels that bolster statistical significance.  The results contained in this report were drawn from three survey-mishap data sets.  The community analysis used the data set comprising all surveys, even those with less than the full mishap time window and it employed a 24-month mishap window.  The remainder of the analysis used the data set composed of all surveys with at least 12 months of mishap data following the survey and it focused on a 12-month mishap window.  The report makes known which data set is used for each result. 

	
	Correlation Coefficient between:

	
	12-Month Class As

and
Resp Avg
	12-Month Mishaps

and
Resp Avg
	12-Month Class As

and
RM Avg
	12-Month Mishaps

and
RM Avg
	24-Month  Class As

and
Resp Avg
	24-Month

Mishaps

and
Resp Avg
	24-Month

Class As

and
RM Avg
	24-Month

Mishaps

and
RM Avg

	All Surveys
	-0.060
	-0.104
	-0.082
	-0.093
	-0.109
	-0.167
	-0.141
	-0.176

	Only surveys with full 12-month window
	-0.066
	-0.117
	-0.087
	-0.097
	
	
	
	

	Only surveys with full 24-month window
	
	
	
	
	-0.151
	-0.189
	-0.144
	-0.189

	Δ
	-0.006
	-0.013
	-0.005
	-0.004
	-0.042
	-0.022
	-0.003
	-0.013


Table 2 Comparison of Correlation Coefficients when Surveys without Full Mishap Time Window are Omitted

Outlier Data

An additional data modification was considered and implemented.  The data set contains two prominent outliers (0.53% of the 375 survey cases possessing a full 12-month mishap window) which can be seen with the red arrows pointing to them in Figure 1 below.  This scatter plot displays the survey case averages on the x-axis verses the total number of mishaps occurring within 12 months after the survey for each survey case.  
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Figure 1  Scatter Plot showing 2 outlier data points

The validity of the outlier in the upper right is strongly questionable.  The unit responsible for this data point is a non-operational, non-training squadron with an absolutely unique mission in Naval Aviation.  Without stating the exact reasons (so as not to compromise the anonymity of the unit), there is a compelling explanation for why this unit's survey score would be likely to be notably higher than the norm.  In fact, this squadron's overall MCAS survey average was in the top 1% of all survey cases, yet it experienced six Class C mishaps within a seven month period.  Five of these mishaps followed shortly after an MCAS survey.  When this one data point is omitted, the relationship between survey results and mishap likelihood becomes clearer.  Using those survey cases that possessed a full 12-month window to accumulate mishaps, the correlation between survey average and total mishaps within 12 months changes from ‑0.117 to ‑0.167 when this one outlier is removed.  The outlier in the bottom left corner does not appear to be as easily explained.  That particular survey case was for an operational rotary wing squadron with 32 survey respondents.  The survey average was not pulled down dramatically by one or two individuals, but rather, there was a generally low distribution of scores.  For this reason, this data point is retained in the subsequent analysis.

MCAS-to-Mishap Community Analysis


When looking at all of Naval Aviation (Navy and Marine Aviation), the connection between MCAS survey results and mishap likelihood is quite pronounced.  For example, if a unit's overall MCAS survey average is used as a discriminant to segment the survey cases in quartiles, the quartile breakdown of Class A and total mishaps within 24 months of survey completion is as follows:

	
	Lowest Quartile
	Mid-Low Quart
	Mid-High Quart
	Top Quartile

	Class A
	28
	19
	11
	14

	Total Mishaps
	113
	84
	68
	51


One can see that based upon this discriminant, the units in the lowest quartile of survey response average were more than twice as likely (113 vs 51) as the top quartile to experience some mishap within the 24 months after the survey was completed.


The next step involved breaking the data into the various aviation communities to determine if the results might shed light on community specific trends or characteristics.  Table 3 depicts the community distribution of MCAS survey cases and the number of mishaps occurring within 24 months of survey completion.  A couple noteworthy observations are that the F/A-18 (VFA and VMFA) community is strongly represented (over 18% of all survey cases) and that those F/A-18 squadrons carry a relatively high mishap to survey ratio (0.927 verses 0.53 for all survey cases).  Those communities with a mishap per survey case ratio greater than 0.75 have that ratio highlighted in red.  Note that all six of those communities have a survey average below the community survey mean of 3.695.

	Community
	Total Survey Cases
	Class As within 24 months
	Class Bs within 24 months
	Class Cs within 24 months
	Total Mishaps within 24 months
	Mishaps per Survey Case
	Community Survey Avg

	VFA
	67
	9
	11
	41
	61
	0.910
	3.692

	VP
	62
	0
	0
	11
	11
	0.177
	3.720

	VMFA
	43
	11
	5
	25
	41
	0.953
	3.620

	VAQ
	40
	6
	3
	19
	28
	0.700
	3.654

	HSL
	38
	5
	0
	2
	7
	0.184
	3.691

	HMM
	36
	10
	3
	13
	26
	0.722
	3.749

	HS
	31
	0
	5
	12
	17
	0.548
	3.655

	VAW
	30
	2
	1
	1
	4
	0.133
	3.701

	HMLA
	27
	5
	2
	8
	15
	0.556
	3.727

	VR
	25
	0
	0
	6
	6
	0.240
	3.817

	VS
	24
	2
	3
	15
	20
	0.833
	3.686

	HMH
	24
	2
	0
	8
	10
	0.417
	3.742

	VF
	22
	3
	8
	9
	20
	0.909
	3.606

	HC
	22
	3
	0
	7
	10
	0.455
	3.629

	VMA
	19
	7
	7
	5
	19
	1.000
	3.623

	VQ
	16
	0
	0
	5
	5
	0.313
	3.811

	MCAS
	11
	0
	0
	0
	0
	0.000
	3.733

	NAS/NAF
	10
	3
	0
	1
	4
	0.400
	3.735

	VMGR
	9
	1
	0
	1
	2
	0.222
	3.681

	VMAQ
	9
	0
	0
	2
	2
	0.222
	3.776

	HM
	9
	0
	0
	0
	0
	0.000
	3.573

	RDTE
	7
	1
	0
	9
	10
	1.429
	3.633

	VC
	5
	0
	0
	0
	0
	0.000
	3.646

	HCS
	4
	2
	0
	0
	2
	0.500
	3.814

	VRC
	4
	0
	0
	0
	0
	0.000
	3.624

	VMU
	3
	0
	0
	0
	0
	0.000
	3.640

	VFC
	2
	0
	0
	1
	1
	0.500
	3.719

	VX
	2
	0
	0
	0
	0
	0.000
	3.476

	HMX
	2
	0
	0
	0
	0
	0.000
	3.708

	VMR
	2
	0
	0
	0
	0
	0.000
	3.945

	VMM
	1
	0
	0
	0
	0
	0.000
	3.725

	Totals
	606
	72
	48
	201
	321
	0.530
	3.695


Table 3  MCAS Community Distribution Data
Figure 2 shows a scatter plot of the communities with their community survey average plotted on the x-axis against their mishap-to-survey ratio on the y-axis.  One can easily recognize the negative correlation between the two variables.  When computed for those 22 communities with greater than 5 survey cases, the correlation between mishaps per survey and community MCAS survey average is -0.402.  If we further restrict it to the 17 communities with greater than 10 survey cases, the correlation is -0.586.  These results offer additional validation to the value of the MCAS survey as a tool for identifying mishap likelihood.
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Figure 2  Community Distribution of Mishap Rate vs MCAS Survey Average

Figure 2 provides an interesting angle on the internal view of safety between the traditionally higher risk communities (e.g., VF, VFA, VMA, VMFA) verses the generally lower risk groups (e.g. VP, VQ, VR).  It is noteworthy that the aircraft communities that engage in higher risk missions tend to score lower on the MCAS survey.  It is not yet known what causes this affect but a few possible explanations include:

1. Higher risk communities engage in a higher op tempo which is reflected in lower survey scores because of reduced morale and/or reduced time and resource adequacy for maintenance personnel

2. Higher risk communities encourage a more aggressive approach to mission accomplishment and, again, this is reflected in their survey results

Internal Community Analysis

It is also instructive to view the results within each community, that is, to compare the squadrons within a community based upon their survey and mishap results.  One challenge with this approach is that the numbers of both survey cases and mishaps becomes quite small for a number of the aircraft communities.  This makes it difficult, or impossible, to obtain statistically significant observations about those communities.  Table 4 shows a summary of all communities that had at least one mishap within 24 months of completing the MCAS survey.  It presents a by-community quartile breakdown of total mishaps using three separate discriminants to establish quartile rankings - the discriminants are overall survey respondent average per squadron, squadron average to MCAS item #19, and a linear regression equation that uses 8 survey measures.
   Each set of four columns represent the mishap totals for (from left to right) the lowest quartile, mid-low, mid-high, and highest quartile for that discriminant.  The table also provides an aggregate total in the bottom, disjointed row.  This represents the quartile distributions when all survey cases are analyzed together (i.e., no community separation used).  The aggregate totals, which are better correlated than the community totals, demonstrate the loss of statistical significance when the survey cases are analyzed by communities
This table reveals that some communities show a numerically strong relationship between the MCAS survey and mishap results – these are highlighted in blue.  For example, VMFA appears to be strongly correlated between survey measures and mishap probability.  Future data will make clear whether VMFA truly exhibits a more predictive survey-mishap relationship or whether the observed correlation is due to normal statistical variation.

	
	Mishaps within 24 months after survey
	
	Quartile Distributions of Total Mishaps within each Community

	Community
	Total Survey Cases
	Class As
	Class Bs
	Class Cs
	Total Mishaps
	
	Respondent Avg
as Quartile Discriminant
	
	MCAS #19
as Quartile Discriminant
	
	Linear Regression Equation as Quartile Discr.

	VFA
	67
	9
	11
	41
	61
	
	21
	13
	11
	16
	
	20
	17
	13
	11
	
	23
	17
	14
	7

	VMFA
	43
	11
	5
	25
	41
	
	18
	9
	10
	4
	
	25
	10
	3
	3
	
	22
	9
	6
	4

	VAQ
	40
	6
	3
	19
	28
	
	11
	8
	3
	6
	
	12
	5
	3
	8
	
	9
	11
	8
	0

	HMM
	36
	10
	3
	13
	26
	
	4
	9
	9
	4
	
	13
	5
	6
	2
	
	5
	11
	8
	2

	VS
	24
	2
	3
	15
	20
	
	2
	5
	8
	5
	
	3
	8
	7
	2
	
	7
	6
	4
	3

	VF
	22
	3
	8
	9
	20
	
	5
	5
	6
	4
	
	8
	4
	5
	3
	
	7
	3
	4
	6

	VMA
	19
	7
	7
	5
	19
	
	7
	7
	4
	1
	
	5
	7
	6
	1
	
	3
	7
	7
	2

	HS
	31
	0
	5
	12
	17
	
	3
	7
	5
	2
	
	2
	8
	5
	2
	
	8
	2
	5
	2

	HMLA
	27
	5
	2
	8
	15
	
	5
	4
	3
	3
	
	4
	2
	4
	5
	
	7
	5
	3
	0

	VP
	62
	0
	0
	11
	11
	
	4
	4
	2
	1
	
	5
	4
	1
	1
	
	3
	4
	3
	1

	HMH
	24
	2
	0
	8
	10
	
	3
	5
	2
	0
	
	3
	2
	3
	2
	
	2
	7
	0
	1

	HC
	22
	3
	0
	7
	10
	
	3
	5
	1
	1
	
	3
	4
	2
	1
	
	2
	4
	2
	2

	RDTE
	7
	1
	0
	9
	10
	
	4
	4
	2
	0
	
	4
	5
	1
	0
	
	4
	3
	2
	1

	HSL
	38
	5
	0
	2
	7
	
	3
	1
	0
	3
	
	2
	1
	2
	2
	
	0
	2
	3
	2

	VR
	25
	0
	0
	6
	6
	
	2
	4
	0
	0
	
	1
	3
	2
	0
	
	1
	3
	2
	0

	VQ
	16
	0
	0
	5
	5
	
	1
	0
	2
	2
	
	0
	1
	0
	4
	
	0
	4
	1
	0

	VAW
	30
	2
	1
	1
	4
	
	1
	1
	1
	1
	
	2
	1
	1
	0
	
	2
	1
	1
	0

	NAS/NAF
	10
	3
	0
	1
	4
	
	4
	0
	0
	0
	
	0
	4
	0
	0
	
	4
	0
	0
	0

	VMGR
	9
	1
	0
	1
	2
	
	0
	0
	2
	0
	
	0
	2
	0
	0
	
	2
	0
	0
	0

	VMAQ
	9
	0
	0
	2
	2
	
	1
	1
	0
	0
	
	1
	0
	0
	1
	
	0
	0
	2
	0

	HCS
	4
	2
	0
	0
	2
	
	1
	0
	1
	0
	
	1
	0
	1
	0
	
	1
	0
	1
	0

	VFC
	2
	0
	0
	1
	1
	 
	0
	1
	0
	0
	 
	0
	1
	0
	0
	 
	0
	1
	0
	0

	Total
	567
	72
	48
	201
	321
	
	103
	93
	72
	53
	
	114
	94
	65
	48
	
	112
	100
	76
	33

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	Aggregate Analysis - Not partitioned into community first

	
	
	
	
	
	
	
	116
	84
	70
	51
	
	124
	80
	67
	50
	
	133
	96
	65
	27


Table 4 - Community Distribution of Total Mishaps within 2 Years of Survey Completion


Table 5 shows a similar set of data, but focuses exclusively on Class A mishaps.  Again, some communities show a strong association between survey results and Class A mishap rates; VMFA is, again, such an example.  But, some communities show little relationship, or even an inverted relationship in which the higher scoring squadrons of a community experienced more Class As than the lower scoring squadrons.  Much of this is due to the sample size being small and insufficient to clearly reveal a relationship that, while real, requires a larger data set to be readily viewed.  However, one could make the following true statement to commanding officers of VMFA squadrons after viewing the results of their squadron's survey: "In the last 4 years, those VMFA squadrons in the bottom half of the community based on overall MCAS average experienced over 90% of the Class A mishaps."  This would certainly get their attention.

	
	 
	
	Quartile Distributions of Class A's within each Community

	Community
	Total Survey Cases
	Class As w/in 24 Months of Survey
	
	Respondent Avg as Quartile Discriminant
	
	RM Avg
as Quartile Discriminant
	
	MCAS #24
as Quartile Discriminant

	VMFA
	43
	11
	
	7
	3
	1
	0
	
	6
	3
	2
	0
	
	6
	4
	1
	0

	HMM
	36
	10
	
	1
	2
	6
	1
	
	1
	4
	4
	1
	
	3
	2
	5
	0

	VFA
	67
	9
	
	3
	2
	1
	3
	
	3
	2
	2
	2
	
	2
	3
	2
	2

	VMA
	19
	7
	
	1
	4
	2
	0
	
	1
	3
	2
	2
	
	2
	2
	2
	1

	VAQ
	40
	6
	
	2
	1
	1
	2
	
	3
	0
	2
	1
	
	3
	1
	1
	1

	HMLA
	27
	5
	
	1
	1
	1
	2
	
	1
	0
	4
	0
	
	1
	2
	0
	2

	HSL
	38
	5
	
	2
	1
	0
	2
	
	2
	1
	0
	2
	
	2
	1
	0
	2

	VF
	22
	3
	
	0
	2
	1
	0
	
	1
	1
	1
	0
	
	0
	2
	1
	0

	HC
	22
	3
	
	1
	1
	0
	1
	
	1
	1
	0
	1
	
	2
	0
	0
	1

	NAS/NAF
	10
	3
	
	3
	0
	0
	0
	
	3
	0
	0
	0
	
	0
	3
	0
	0

	VS
	24
	2
	
	0
	1
	1
	0
	
	0
	1
	1
	0
	
	0
	0
	2
	0

	HMH
	24
	2
	
	2
	0
	0
	0
	
	2
	0
	0
	0
	
	1
	1
	0
	0

	VAW
	30
	2
	
	1
	1
	0
	0
	
	1
	1
	0
	0
	
	2
	0
	0
	0

	HCS
	4
	2
	
	1
	0
	1
	0
	
	1
	1
	0
	0
	
	1
	1
	0
	0

	RDTE
	7
	1
	
	1
	0
	0
	0
	
	1
	0
	0
	0
	
	0
	1
	0
	0

	VMGR
	9
	1
	
	0
	0
	1
	0
	
	0
	0
	1
	0
	
	0
	0
	1
	0

	Totals
	422
	72
	
	26
	19
	16
	11
	
	27
	18
	19
	9
	
	25
	23
	15
	9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Aggregate Analysis - Not partitioned into community first

	
	
	
	
	28
	18
	13
	13
	
	27
	20
	16
	9
	
	30
	19
	14
	9


Table 5 - Community Distribution of Class A Mishaps within 2 Years of Survey Completion
Exploring 12-Month Mishap Window Results

The last research project focused on the data set which included all surveys up to the time of the final mishap data (01 April 2004).  This earlier data set failed to account for the fact that 14 squadrons had multiple MCAS survey cases for the same survey cycle as previously described.  More significantly, the newer data sets ensure a uniform mishap opportunity for all surveys by eliminating those surveys which do not possess the full mishap opportunity time window.  This section of the report looks more closely at the most refined data set which includes only those surveys possessing a full 12 months of mishap data after their average date of completion and with one outlier survey case removed.  The mishap opportunity window is 12 months for this data set.

Figure 3 is a scatter plot of the data used in this analysis.  Note, the upper right outlier has been removed and the lower left outlier retained.  Even in this raw form, the relationship between surveys and mishaps can be readily detected in the left “lean” of the data points.
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Figure 3  Scatter Plot of Survey Average vs 12-Month Mishap Results

Figure 4 captures and plots the survey averages for those units experiencing 0, 1, 2, and 3 mishaps within 12 months after the average survey completion date.  This chart includes the standard error
 bars for those averages and these reflect the diminishing population size for units having more mishaps.  Of the 374 survey cases, 254 experienced no mishaps, 87 experienced one mishap, 25 recorded two mishaps, and 8 had three mishaps.
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Figure 4  Survey Average for Units Experiencing 0, 1, 2, and 3 Mishaps within 12 Months after Survey


Figure 5 is a histogram of the total mishaps and total survey cases as collected by survey average bins for the 374 survey cases of this refined data set.  The graph clearly shows that mishaps are offset toward lower survey scores.  The overall average survey score was 3.702, as compared to the average weighted mishap score
 being 3.652.  To provide a sense for the gap between average survey score and average weighted mishap score, it is instructive to examine the standard error for all survey averages.  The unit survey average for all survey cases has a standard deviation of 0.182 and thus a standard error of 0.0094 (0.182/
[image: image5.wmf]374

).  The 0.050 difference between the complete survey average and mishap only average is more than 5 times the standard error and represents 0.275 standard deviations below the overall survey mean.
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Figure 5  Histogram of Total Mishaps & Survey Cases verses Survey Average

As with the previous research project, a quartile chart quickly reveals the degree to which mishap likelihood is related to survey results.  Figure 6 shows the quartile distribution of 12‑month mishap results as discriminated by overall survey average.  The graph shows that the bottom quartile was twice as likely to experience a mishap within 12 months after the survey as was the top quartile.
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Figure 6  Quartile Distribution of 12-Month Mishaps based on Survey Average

If instead of using overall survey average as the discriminant, the sum of the top seven correlated survey items (in this case MCAS items # 9, 12, 15, 26, 34, 41, and 43) is used, the results are improved somewhat as can be seen in the quartile chart of Figure 7.  One must be cautious when seeking the best predictors for a given data set as they may be specifically matched to that data, but not to the population at large.
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Figure 7 Quartile Distribution of 12-Month Mishaps based on Sum of Seven MCAS Items
Regression Analysis


The results from the original survey data are compelling.  One would like to be able to use the survey to forecast increased mishap likelihood.  This portion of the research used those surveys with the full 12-month mishap data available and looked at mishaps within 12 months after survey.  It was studied to determine how effectively one can use the surveys to predict mishap risk.  

One regression approach is to treat mishap occurrence as a binary event – that is, either a unit experiences a mishap within the 12-month time window after it completes the survey, or it does not.  When the mishap numbers are rendered into binary format, it is found that of the 374 survey cases, 120 experienced at least one class A, B, or C mishap within 12 months and 254 survey cases were mishap free.  In order to perform cross-validation on the regression results, each survey case was randomly assigned a value.  This made it possible for the data to be randomly partitioned into those cases used to generate the regression equation (also known as the “selected cases”), and those used to validate that equation (the “validation cases”).  
The binary logistic regression was performed using SPSS Version 12.0.  The regression was done using the forward conditional method with the thresholds for variable entry and removal set to 0.15 and 0.3, respectively.  The dependent variable was the binary version of total mishaps – 0 if no mishap occurred, 1 if one or more mishaps occurred.  Since 32.1% of the survey cases experienced at least one mishap, the “classification cutoff” was set to 0.32.  
The primary measure of fit is how effectively the probability function generated by the regression describes the actual mishap outcomes.  For each regression run, the SPSS software shows a tally of the four possibilities: 
P1: mishap predicted & mishap occurred
P2: mishap predicted but did not occur
P3: no mishap predicted but mishap occurred
P4: no mishap predicted and none occurred

It shows the breakdown for both the selected survey cases (those used to generate the regression equation) and the validation survey cases.  Table 6 is an 11-column table showing the results of 10 separate binary logistic regression runs with data chosen in a different, random way for each run.
  The table presents the results for both the selected survey cases and the validation survey cases.  The primary columns of interest, the validation results, are highlighted in blue text.  From left to right, they show what percentage of the validation survey cases experienced a mishap, then of those that the regression equation predicts to have a mishap what percent actually experienced a mishap (P1/(P1+P2)), then the delta between those two percentages, and finally the prediction improvement percentage.  The predictive increase does not appear dramatic, but it did consistently predict mishaps at a higher rate than the general mishap rate of that validation group.  
Interestingly, if a simpler algorithm is implemented to predict mishaps, it shows itself to be a better predictor than the regression equations generated.  Let the prediction algorithm be that a mishap is predicted if the overall survey average of that survey case is in the bottom 32% of the validation survey cases.  Using that algorithm, the right column highlighted in red shows the percentage of the validation cases correctly predicted to have a mishap.  It stands up well when compared to the results for the regression-based predictions.
In general, the regression equation itself can be made to fit the selected data fairly well, but its performance against the validation data is typically not so strong.  Because of this observation, it’s not currently clear that a binary logistic regression equation will produce a consistently strong predictor of mishap likelihood.
	Run #
	Number of Cases Selected for Regr
	Number of Survey Items in Resulting Regr Equation
	% of Selected Cases that Experienced Mishap
	% of Selected Cases Correctly Predicted to have Mishap
	Number of Validat’n Cases
	% of Validat’n Cases that Had a Mishap
	% of Validation Cases Correctly Predicted to have Mishap
	Predictive Delta
	% Predictive Increase
	% of Validation Cases Correctly Predicted using Resp Avg only

	1
	307
	6
	31.3%
	44.2%
	67
	35.8%
	45.7%
	9.9%
	27.6%
	45.5%

	2
	244
	6
	31.1%
	47.0%
	130
	33.8%
	42.3%
	8.5%
	25.0%
	40.5%

	3
	249
	9
	32.5%
	51.3%
	125
	31.2%
	32.4%
	1.2%
	3.7%
	40.0%

	4
	285
	4
	32.6%
	47.0%
	89
	30.3%
	34.9%
	4.5%
	15.0%
	44.8%

	5
	189
	6
	31.7%
	50.0%
	185
	32.4%
	38.2%
	5.7%
	17.7%
	46.7%

	6
	185
	14
	32.4%
	59.7%
	189
	31.7%
	36.4%
	4.6%
	14.5%
	41.0%

	7
	182
	8
	33.0%
	49.4%
	192
	31.3%
	36.9%
	5.7%
	18.1%
	45.2%

	8
	192
	5
	31.3%
	48.8%
	182
	33.0%
	36.6%
	3.6%
	11.0%
	42.4%

	9
	195
	8
	32.8%
	49.4%
	179
	31.3%
	31.8%
	0.5%
	1.5%
	51.7%

	10
	179
	1
	31.3%
	51.4%
	195
	32.8%
	35.7%
	2.9%
	8.8%
	36.5%


Table 6  Binary Logistic Regression Results of 12-Month Mishap Results
Mathematical Modeling
A primary goal of this research project was to develop a quantitative statement of mishap likelihood based on a unit’s survey results.  To achieve this, a mathematical model was needed to relate the survey results and mishap frequencies.  Toward this aim, a MathCAD model was implemented to simulate the mishap probability process. This simulation generated an equation that predicts the frequency of squadrons experiencing zero, one, two, three, or four mishaps within 12 months post survey and also provides a means to relate survey score to a quantitative measure of mishap likelihood.  This model, when further refined, can provide Navy decision makers with the ability to relate squadron safety climate scores to a squadron or squadrons’ mishap likelihood.  The model also provided the ability to test the Null Hypothesis (i.e. that the safety climate surveys were uncorrelated to mishap likelihood).

The starting point for constructing a mathematical model was to build a very simple model and implement, at a later date, refinements that would give it greater fidelity to the actual survey data.  The assumptions of this model were as follows:

1. The survey scores are distributed in a Gaussian manner

2. The number of mishaps in a fixed period is the result of a Poisson Process

3. The mishap likelihood grows in an exponential manner based on the survey score.  The risk increases with lower scores and decreases with higher scores

While these assumptions are not precisely correct (e.g., the survey scores appear to deviate slightly from a Gaussian), they are sufficient to provide a model with excellent first order predictions of the number of squadrons experiencing 0, 1, 2, 3 and 4 mishaps within 12 months after survey completion.  Additionally, we know how to refine the model such that it corresponds more accurately with the actual distribution of safety climate scores. This should result in greater fidelity of mishap likelihood.  It should also be able to accurately predict the average test scores for each class of squadrons with 0, 1, 2, 3 and 4 mishaps.

The model was built by taking a Gaussian score distribution and having each point on the distribution generate a Poisson distribution of mishaps in proportion to the probability at that section of the Gaussian distribution.  We modified the Poisson distribution so that its average risk (i.e. “” in the Poisson equation) varied exponentially depending on survey score.  

Equation 1
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Equation 3
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Exponential growth of risk was chosen over linear growth because intuition suggests that as safety climate worsens, factors would compound toward increased risk and because exponential growth has certain properties of invariance that are desirable to the building of this model (e.g. the ratio of risk growth when going from 1 to 2 sigma’s is the same as going from the mean to 1 sigma.

The model was first used to test the Null Hypothesis which assumes safety climate, as measured by MCAS, has no relationship to the likelihood of mishaps.  We did this by assuming that “” in the Poisson equation (Equation 3) was constant and therefore independent of test score as summarized in Table 7:

	Model Assuming Null Hypothesis for 12-Month Mishap Data

	Mishaps per Survey Case
	Observed Number of Survey Cases in this Category
	Model Prediction of Number of Survey Cases in this Category
	Standard Deviation of Prediction

	0
	254
	237.3
	15.4

	1
	87
	108.0
	10.4

	2
	25
	24.6
	5.0

	3
	8
	3.7
	1.9

	4
	0
	0.4
	0.7


Table 7  Comparison of Predicted and Observed Mishaps assuming Null Hypothesis
A Chi Squared calculation was performed
 which gave  = 10.59 using a fixed value of 0.455 for  in Equation 3.  The degrees of freedom was three (five predictions were compared with five observations minus two (one parameter, “”, and the selection of the model).  The probability of the Null Hypothesis being correct (i.e., no relationship exists between survey results and mishap outcomes) and obtaining a  = 10.59 with three degrees of freedom is 1.4%.  

The next step was to add another factor that renders the Poisson “” a function of survey score (Equation 4).  The results of the MathCAD model are summarized in Table 8 for a good fit
 chi-squared when αo = 0.34, βo = 0.76:

	Model Assuming Exponential Growth Hypothesis for 12-Month Mishap Data

	Mishaps per Squadron
	Observed Number of Squadrons in this Category
	Model Prediction of Number of Squadrons in this Category
	Standard Deviation of Prediction

	0
	254
	251.9
	15.9

	1
	87
	88.5
	9.4

	2
	25
	24.2
	4.9

	3
	8
	6.6
	2.6

	4
	0
	1.9
	1.4


Table 8  Comparison of Predicted and Observed Mishaps assuming Survey Score Correlates to Mishap Likelihood
The Chi Squared calculation determined  = 2.29 with two degrees of freedom (five observation point minus two parameters and the selection of the model).  The probability of the Exponential Growth Hypothesis being correct and obtaining a  = 2.29 with two degrees of freedom is 31.9%.  In other words, the Exponential Growth Hypothesis is greater than 20 times more probable than the Null Hypothesis at describing the observed mishap frequencies as a function of MCAS score.  Using a 5% confidence level, this Exponential Risk Growth Hypothesis would not be rejected but the Null Hypothesis would be rejected.  However, using a 1% confidence level, neither hypothesis would be rejected.
The mathematical model also makes it possible to calculate the predicted mean survey score for those cases experiencing 0, 1, 2, 3, or 4 mishaps within 12 months after survey completion.  If this is done with the  value used to produce a minimal chi-squared value above, the survey mean drops off more quickly than is observed in the data.  When a lower value of  is selected, the predicted and observed mean scores agree much more closely as shown in Table 9.  Further research is needed to reconcile the value of β in predicting observed mishap totals and predicting observed survey means.  We suspect that replacing the Gaussian score distribution with one which more closely reflects the actual survey score distribution will produce greater consistency.
	Total Mishaps within 12 Months after MCAS
	Observed MCAS Mean Score
	β=0.76
(value that predicts observed mishap totals well)

	β=0.23
(value that predicts observed survey means best)

	0
	3.722
	3.751
	3.716

	1
	3.666
	3.639
	3.675

	2
	3.660
	3.538
	3.634

	3
	3.582
	3.447
	3.593

	4
	???
	3.368
	3.552


Table 9  Exponential Risk Growth Predictions of MCAS Survey Means
Using the more conservative value of β=0.23, it is possible to predict mishap likelihoods as a function of MCAS survey mean.  Table 10 shows how the exponential growth model with β=0.23 compares to the observed 12-month mishap data.  The observed rates were computed by summing the mishaps of the 60 survey cases surrounding the overall survey mean and the +1 and ‑1 standard deviation points.  Since the +2 and -2 standard deviation points were near the ends of the data set, the mishaps were totaled for the 20 survey cases surrounding those points.
	Comparison of Model Hazard Rate Ratios to Observed Mishap Data Ratios

	Score Relation to Score Mean
	Model Prediction of Mishap Rate Relative to Model Mean Score Mishap Rate
	Observed Mishap Rate as Ratio of Data Mean Score Mishap Rate
	Percentage Error

	-2 
	+ 58.4%
	+ 69.6%
	6.6 %

	-1 
	+ 25.9%
	+ 65.2%
	23.8 %

	+1 
	- 20.5%
	- 21.7%
	1.5 %

	+2 
	- 36.9%
	-34.8%
	3.2 %


Table 10  Comparison of Observed and Predicted Mishap Rates
The model prediction is good with the exception of the -1 prediction.  It is likely that this anomaly will be reduced once the model is upgraded from a Gaussian distribution of scores to a distribution more representative of the actual survey data.

All of the above described research warrants future refinements of the model.  These include the following:

1. Replacing the Gaussian distribution of scores with a distribution that mirrors the observed data.
2. Investigating other distribution including, the Generalized Poisson and Compound Poisson, to replace the simple Poisson.

3. Automatic least square calculation of model parameters and parameter variances

4. Modification of the exponential growth function to account for saturation and background levels of mishap likelihood.

5. Extensive exercising of the model and comparison of model predicted parameters with parameters statistically calculated from the Aviation Safety Survey database

Furthermore, a refined model, which has gone through an integrity building process, will prove an invaluable asset to research efforts aimed at deciphering the impact of the demographic factors captured in the Safety Survey data.
Additional Research Efforts

The volume of research that can be performed on the CSA/MCAS survey-mishap data set is large and, therefore, it would be beneficial to distribute the research where possible.  With this in mind, the full data sets of both the MCAS and CSA results were prepared for export to a University of California, Berkeley researcher, Vinit Desai.  In order to safeguard the anonymity of the survey results, squadron identities were encoded in such a way that the squadron connections between surveys and mishaps were preserved without revealing the squadron name.  To accomplish this, a conversion table was generated which maps long and short squadron names to generic squadron numbers.  So, for example, the table might have an entry that equates “VT-26”, “Training Squadron 26”, and “Squadron 17”.  The external researcher will then see only “Squadron 17” for all survey and mishap references to VT-26, thus the squadron’s identity has been protected.  The external researcher has been reminded that currently, the generic squadron numbers do not map between the CSA and MCAS data sets.  So, for example, “Squadron 17” of the MCAS data set is not necessarily the same squadron as “Squadron 17” of the CSA data.  If necessary, this can be corrected in the future.
Another study was conducted to determine if, among the survey cases that did experience a subsequent mishap, there was a relationship between the survey score and the time between the survey and the mishap.  It was thought that there might be a direct correlation – that is, the lower a survey’s score, the less time it would take until a mishap occurred.  This analysis showed no observable relationship.  There was no tangible correlation between the survey scores and the time until mishap occurred.
Future Research


The breadth and depth of the survey-mishap data set makes the avenues of research virtually limitless.  Like many forms of research, new discoveries produce new questions.  Listed below are several areas whose study is likely to produce compelling results:

Add New Mishap Data


The current mishap data runs up to 01 APR 2004.  Currently, the mishap data does not provide information about causal factors for each mishap.  Updating the mishap data to run through 31 OCT 2004 will add the following numbers of surveys into consideration for those data sets that require the full mishap opportunity window:

MCAS 12-month window:
105 new survey cases (01APR2003-31OCT2003)

MCAS 24-month window:
61 new survey cases (01APR2002-31OCT2002)

CSA 12-month window:
115 new survey cases (01APR2003-31OCT2003)

CSA 24-month window: 
58 new survey cases (01APR2002-31OCT2002)
The higher number of new cases for the 12-month window reflects the increasing rate of survey events within DoN.  These new survey cases will provide an excellent data set for validating the models and predictors developed to this point.  And, the receipt of causal information in the mishap data will enable the refinement of the models.  In particular, it will be interesting to look at the relationship between MCAS survey results and mishaps known to be maintenance related.
Refine Mathematical Model


The initial analysis involving the modeling of the mishap data as a Poisson distribution looks very promising.  Further research in this area is expected to prove fruitful in producing an equation that accurately predicts changes in mishap rate as a function of survey results.  Of particular interest is the generalized Poisson distribution which can handle subpopulations with distributions differing from that of the general population.
CSA refinement


This paper has presented results exclusive to the MCAS survey.  A similar analysis needs to be performed on the CSA-mishap data set.
Evaluate Survey Trends within Individual Squadrons

With the large body of data now available, it has become possible to investigate trends in survey responses within a given squadron.  For example, it is possible to identify squadrons who have completed a survey, experienced one or more mishaps, then completed another survey.  Identifying and analyzing such situations should provide additional insight into the relationship between subsequent survey cases within a squadron and how mishaps affect survey results.
Investigate Pre-Survey Mishap Affects


It may be instructive to examine those survey cases experiencing mishaps post-survey for pre-survey mishaps as well.  It is possible that the pre-survey mishap is distorting survey results in currently unknown manner.

Appendix A
Maintenance Climate Assessment Survey (MCAS)

Demographic Questions:

· Rank

· Total years aviation maintenance experience (<1, 1-2, 3-5, 6-10, 11-15, 16-20, 20+)

· Work center (Airframes, Avionics, Flight Line, Maintenance Control, Ordnance, Power Plants, QA, Survival, Other)

· Primary Shift (Day, Night)

· Current model aircraft

· Status (Regular, Active Reserve, Drilling Reserve)

· Service (USN, USMC, other)

· Parent command

· Unit location

Likert Scale Items

· Response values include Strongly Disagree, Disagree, Neutral, Agree, and Strongly Agree

· Respondents may also answer Don’t Know or N/A

· Question 21 has been order-reversed

Process Auditing:

1.     The command adequately reviews and updates safety procedures.

2. The command monitors maintainer qualifications and has a program that targets training deficiencies.

3. The command uses safety and medical staff to identify/manage personnel at risk.

4. CDIs/QARs routinely monitor maintenance evolutions.

5. Tool Control and support equipment licensing are closely monitored.

6. Signing off personnel qualifications is taken seriously.

Reward System And Safety Culture

7. Our command climate promotes safe maintenance.

8. Supervisors discourage SOP, NAMP or other procedure violations and encourage reporting safety concerns.

9. Peer influence discourages SOP, NAMP or other violations and individuals feel free to report them.

10. Violations of SOP, NAMP or other procedures are not common in this command.

11. The command recognizes individual safety achievement through rewards and incentives.

12. Personnel are comfortable approaching supervisors about personal problems/illness.

13. Safety NCO, QAR and CDI are sought after billets.

14. Unprofessional behavior is not tolerated in the command.

Quality Assurance

15.   The command has a reputation for quality maintenance and set standards to maintain quality

        control.

16.   QA and Safety are well respected and are seen as essential to mission accomplishment.

17.   QARs/CDIs sign-off after required actions are complete and are not pressured by 

        supervisors to sign-off.

18.   Maintenance on detachments is of the same quality as that at home station.

19.   Required publications/tools/equipment are available, current/serviceable and used.

20.   QARs are helpful, and QA is not "feared" in my unit.

Risk Management

21.   Multiple job assignments and collateral duties adversely affect maintenance.

22.   Safety is part of maintenance planning, and additional training/support is provided as needed.

23. Supervisors recognize unsafe conditions and manage hazards associated with maintenance and the flight-line.

24. I am provided adequate resources, time, personnel to accomplish my job.

25. Personnel turnover does not negatively impact the command's ability to operate safely.

26. Supervisors are more concerned with safe maintenance than the flight schedule, and do not permit cutting corners.

27. Day/Night Check have equal workloads and staffing is sufficient on each shift.

28. Supervisors shield personnel from outside pressures and are aware of individual workload.

29. Based upon my command's current assets/manning it is not over-committed.

Command And Control

30. My command temporarily restricts maintainers who are having problems.

31. Safety decisions are made at the proper levels and work center supervisor decisions are respected.

32. Supervisors communicate command safety goals and are actively engaged in the safety program.

33. Supervisors set the example for following maintenance standards and ensure compliance. 

34. In my command safety is a key part of all maintenance operations and all are responsible/accountable for safety.

35. Safety education and training are comprehensive and effective.

36. All maintenance evolutions are properly briefed, supervised and staffed by qualified  personnel.

37. Maintenance Control is effective in managing all maintenance activities.

Communication / Functional Relationships

38.   Effective communication exists up/down the chain of command.

39.   I get all the information I need to do my job safely.

40.   Work center supervisors coordinate their actions with other work centers and maintenance.

41.   My command has effective pass-down between shifts.

42.   Maintenance Control troubleshoots/resolves gripes before flight.

43.   Maintainers are briefed on potential hazards associated with maintenance activities.

Essay Questions: (answer up to 200 words)

44. The next quality defect will be caused by…

45. The next quality defect can be prevented by…

Appendix B

Data Preparation Outline
I. Mishap Data Preparation Steps

a. Reduce mishap data to single entry per responsible squadron

i. Remove entries not listed as “PLTAC” meaning pilot/aircraft commander

ii. Remove entries if the squadron listed was found to be not at fault

II. Survey Data Preparation Steps

a. Data Cleaning

iii. Remove “Don’t Know” and “Not Applicable” values (0 and 6) from data

iv. Remove “flatliners”, those individuals who showed no deliberation and answered every question with the same value

v. Invert values of reverse-worded Likert items.  Swap 1↔5 and 2↔4

b. Identify and consolidate squadrons with multiple survey cases for same survey cycle.  This is accomplished by assigning all respondents of a given squadron the same survey case ID, rather than the two or three separate survey case IDs they had initially.

c. Create squadron survey summary

vi. One spreadsheet row per survey case

vii. Obtain earliest survey date, average survey date, and final date

viii. Count number of survey responses for each survey case and remove survey case if fewer than ten respondents

ix. Calculate average of all respondents for each of the 43 Likert items, for the overall average, and for the subcategories (e.g., Process Auditing, Risk Management, Quality Assurance, etc.)

d. Using the survey case ID, determine squadron identities for each survey case.  This is required to connect the mishap data to each survey case

III. Connecting Survey Data with Mishap Data

a. Prepare a table that allows conversion between the abbreviated unit names of the survey summary with the full names in the mishap data.  Note: several units have more than one full name in the mishap database (e.g., "Strike Fighter Squadron XY" and "Fighter Attack Squadron XY")

b. For each survey case, locate entries in the mishap database that are of the same squadron and having occurred between the average survey date and some designated period of time after the average survey date.  This study looks at periods of 12 and 24 months after average survey date.

x. Count the number of each type of mishap meeting this criteria

xi. Append the mishap counts to each record of the survey summary

c. For research into how a mishap affects survey results, another Visual Basic macro searches through the mishap database and determines how long before a survey the most recent mishap occurred and appends that data to the survey case record

IV. Refining the Combined Survey-Mishap Data

a. Remove survey cases which could not have a mishap linked to them because the survey occurred after the last available mishap data

b. For the most uniform comparison, remove from consideration those survey cases which have less than the full mishap opportunity time window.  For example, if looking at mishaps that occur within 12 months after the average survey date, discard those surveys which took place less than 12 months prior to the final mishap data.

c. Identify and investigate outlier data points to determine whether they should be retained or discarded 







� See report, “Can Squadron Safety Climate Surveys Predict Mishap Risk?” by Michael Schimpf, June 2004.


� The complete mishap data set used can be seen in the "Mishap Data" worksheet of the "Data Summary.xls" Excel workbook. 


� One can reasonably make the case that there may be useful information in "Don't Know" and "Not Applicable" responses, but this study does not investigate that proposition.  Their numeric values of 0 and 6 do not correspond to the respondent's opinion regarding the safety issue addressed by that survey item.


� The single negatively phrased MCAS item was #21:  Multiple job assignments and collateral duties adversely affect maintenance.


� Survey questions are partitioned into one of six categories:  Process Auditing (PA), Reward System & Safety Culture (RS/SC), Quality Assurance (QA), Risk Management (RM), Command & Control (CC), Communication/Functional Relationship (C/FR)


� The two metrics for the survey used in � REF _Ref85519042 \h ��Table 2� are overall respondent average and overall average on the Risk Management (RM) survey items.  RM is used since it has been found to be a good predictor of Class A mishap likelihood.


� All community analysis is based on the full set of survey responses (all survey cases spanning from August 2000 through March 2004).  Thus, many survey cases did not possess the full 24-month mishap accumulation window used for study in this section of the report.  Additionally, the community analysis was completed before recognizing that there were 14 squadrons which had multiple survey case IDs for a single survey cycle.  The result is five Class C mishaps being counted to separate survey cases, but which actually belonged to a single command.


� The linear regression equation uses eight MCAS survey items and their coefficients are:  MCAS Item #4: 1.107,  #13: 0.475,  #14: 0.652,  #18: 1.308,  #26: -0.589,  #30: -0.617,  #42: -0.445,  QA Avg: -2.252


� Standard error is computed as the sample’s standard deviation divided by the square root of the sample size.


� “Average weighted mishap score” means that the survey score for a unit experiencing a mishap is weighted according to how many mishaps that unit had.  For example, if a unit experienced two mishaps within 12 months after the survey, its survey average will be doubly weighted when computing the average weighted mishap score.


� The raw data from the binary regression results is located in the file, “MCAS 12-Mon BinLog Results.xls” which is in the Regression folder of this report’s directory.


� All chi squared calculations in this section used just the first five possible outcomes: 0, 1, 2, 3, or 4 mishaps.





� The analysis did not obtain a “best” fit chi-squared as this will require further refinement of the MathCAD programming.  
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