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SUMMARY

This research project was designed to help understand, evaluate and validate the impact of Maintenance Resource Management (MRM) training
programs, and other MRM interventions, on participant attitudes, opinions, behaviors, and ultimately on enhanced safety performance. It
includes research into evaluation methodology as well as examination of the range of change models used by the aviation companies studied.

Longitudinal comparisons. The present report begins with the measures of attitudes and opinions about “communication and coordination,”
“shared decision making,” “assertiveness,” “stress management, “goal sharing” and “safety practice” before training is undertaken. After
examining changes over time in participant attitudes and opinions, assessment measurements were made of self-reported intentions to change
behaviors and attitudes, and self-reports of subsequent changes actually made. Enthusiasm for the training, and participant reaction to the
training, are reviewed. The design of this project's evaluation method incorporates a longitudinal, time sensitive data collection approach by
comparing the baseline and pre-training measures with follow-up attitude and opinion surveys (immediately after training, and two, six and
twelve months following training). Finally these attitudes and opinions are tested for correlations with monthly or quarterly safety performance
measures.

Benchmark comparisons. Data collected since 1991, using the same standardized questions, are used to create profiles of benchmark MRM

attitudes and opinions — against which specific MRM sites can be compared with standard scores for any of the waves (i.e., pre-
training, post-training, 2-, 6-, 12-month) measured.

This report focuses on two of those companies (“A,” and “D"). Inthefirst case (“A”) analysisis directed to the attitudes and reported behaviors
of Aviation Maintenance Technicians (AMTS) and the safety performance of their maintenance work units following a one-shot safety awareness
training program. Examination of Company A datareveals amainly positive effect of the initial training, as well as some signs that additional
intervention such as recurrent training is required in order to sustain enthusiasm and thus continue MRM success. Company D analysis

examines the effects of distributing its MRM training over several months for each participant while concentrating the training in one city/station
at atime. These results are set against the backdrop of the four other companies MRM experience from 1998-1999, as well as the “benchmark”
results from all MRM programs studied since 1991.

OBJECTIVES

The present report describes the 1998-1999 results of examining several programs implemented by commercia aviation maintenance operations
headquartered in the USA.

These programs represent varied combinations of several “change models,” for MRM interventions. Those change modelsinclude
“individual vs. system change,” “behavior vs. awareness,” “one-time vs. ongoing change,” and “MRM for AMTs-only vs. MRM for
al Tech Ops personnel.”

The larger implication of these change models is discussed below in that section addressing the effect of national, occupational, and
organizationa “cultures’ on the creation of a“safety culture.”
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The evaluation methodology applied to the severdl MRM programs has involved the creation of reliable and valid psychological scales
(both attitude scales and opinion scales), examination of “before-after” changesin the attitude scales, valid survey measurement of
expected future behaviors, and self-reports of behaviors changed. These survey data are also compared with subsequent reports of
behavior changes. The methodology further includes correlating post-training attitudes and opinions with subsequent saf ety
performance, the calculation of financia returnsfor MRM programs, and the collection and documentation of field observations and
interviews.

The multiple purposes of the evaluation methodology include 1) the scientific and objective measurement of MRM program success, 2) the
discovery and dissemination of “best practices,” and 3) the development of simple and accessible evaluation tools for use by the partner
companies themselves.

BACKGROUND

Research activitiesin the field of “macro” human factors in aviation maintenance since the early 1990s indicate that many airlines
have opted to improve awareness of communication, safe practices, and professionalism. A few of these programs have also included
skill-based training in decision-making, employee participation, assertiveness, and effective safety systems. “Maintenance Resource
Management,” (MRM) is the generic term used here for these programs. Most of these airline MRM efforts have focused on training
employees — some emphasizing training mechanics (or aviation maintenance technicians— AMTS) and others training both
maintenance management and AMTs. As reported earlier (Taylor & Robertson, 1995; Taylor, 1998) the training in both cases has
succeeded in achieving initial and significant attitude changes among the participants. On the other hand there is little evidence that
system change follows, or is sustained following, the initial, individual, attitude improvement. The data continue to show that
individual, awareness-only efforts, and initial enthusiasm for MRM fail to create an effective safety culture conjoined with sustained
safety performance.

This research project is a university-industry-government-labor partnership that involves numerous airline operators, and aviation
maintenance facilities based in the U.S. It is planned, integrated, and coordinated with the FAA/NASA Aviation Safety Program
(ASP). The research program has earned the reputation of representing the "real world" of aviation maintenance and addressing

mai ntenance human factors issues accordingly. It has raised the awareness of the importance of “macro human factors’ to the aviation
industry, and has served a number of organizations that have introduced MRM programs, some of which have been specifically
designed to reduce maintenance errors

Since February 1998 the research program has entered into to its databases over 19,000 surveys completed by MRM program
participants. 1998-1999 survey data have been combined with the 19,000 surveys contained in the program’s databases from prior
years (Taylor, 1998). This combined database has been used to create a template of “typical responses’ (i.e., a normative profile) to
which any airline or repair station can compare its own workforce at any stagein it’'s MRM program.

Historically, this program has provided to each airline partner atimely feedback of its own survey data. The measurement tools,
produced as one of the program’s long range objectives, have also been made available to the airlines as the devel opment of such
toolsis completed. During 1998-1999 this tool development and feedback process has continued.

Two new tools developed for use by MRM devel opers and administrators are reported here. One tool isthe “MRM attitude and
opinion profile.” It isthe calculation of percentile scores for any maintenance work unit or site. These profiles in the form of standard
scores (“Z") can be used to compare the percentile rank of MRM attitudes and opinionsin any given company at any stageinits
MRM program with attitudes from alarge database of like employees — called the “Benchmark dataset” -- during asimilar period in
their MRM involvement. This panel of Benchmark comparison profiles for attitudes and opinionsis one tool to help audit the relative
effectiveness of a maintenance human factors program. The second tool, described below, helps assess the financial return on
investment of MRM programs. Called MRM/ROQI, this tool helps justify MRM through cost savings from improved safety — and

additionally in proportion to the program’s measurable effect on a safety outcome.

MRM CHANGE MODELS
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In the years since 1990, there has been ample opportunity to observe the evolution of MRM as atool for change directed toward safety
improvement. Several papers based on the research program have been published on thistopic (Taylor & Robertson, 1994; Taylor,
1995, 1996; Taylor & Patankar, 2000). Although there are myriad ways to bring about change in an organization there are at |east
four different models we have observed in the aircraft maintenance organizations we have studied. The models are “ideal types’ and
thus emphasize a pure form which is usually not found as such in the “real world.” Such ideal types however help distinguish the
major differences among the models observed — even if not in such purity. The models are also not mutually exclusive and can be
combined for greater or lessor effectiveness. Thus, companies can provide illustration of more than one model and in fact the
companies studied during 1998-1999 do so. The four ideal models are 1) individual vs. system change, 2) awareness vs. behavior
change, 3) episodic vs. ongoing programs, and 4) AMTs only vs. al maintenance personnel.

1) “Individual MRM vs. system change for
MRM”

This contrasting model emphasizes either changes within the individual mechanic or changesin the larger maintenance system. As
such the larger “system” is comprised of individuals, groups of people together, their work processes, their technologies, their output,
aswell as management practices and policies. The individual approach changes people asindividuals, and as a consequence their
changes are expected to “add up” to larger changes. When the emphasisis on “system” instead of individual, the person is seen as
part of alarger whole into which he/she is embedded and connected. Changing any part of a system will affect all the other parts and
so the systemic change effort takes the individual and his/her context into account. The now completed MRM programs of companies
A, E and F best illustrate the individual approach. The still ongoing programs of companies H and D take a somewhat larger and
more systemic approach. Company H changes the structure and process of mechanics decision making, while Company D affects
the larger shift turnover process as well asindividua mechanic’s care and coping.

2) “MRM awareness vs. MRM
behaviors”

The contrast here is between “talking the talk,” and “walking the walk.” Some MRM programs are designed to impact how people
think and how they see things. Other programs are designed to change how people behave — especially how they interact with other
people. The positive effect of skills training is documented in some early survey reports (Taylor & Robertson, 1995; Taylor, et al.,
1997), but most MRM programs documented between 1996 and 1998 have been specifically designed for awareness-building (Taylor
& Patankar, 2000). In the present case, Company E's MRM training program was oriented toward imparting ideas and concepts for
safety —in other words “awareness’ of ideas. Company H on the other hand focused exclusively on the use of awell-defined, joint
decision making process (Patankar & Taylor, 1999). Companies D and F emphasized some passive awareness and some active
response — such as assertiveness .(Company F), or better written communication (Company D).

3) “Episodic MRM vs. ongoing
MRM”

The episodic model emphasizes a one-time event — such asthe MRM training; that once completed is set aside and not referred to

officially again. In training parlance episodic changes can be “ spray and pray” (train everyone and hope it make some difference), or
“blame and train” (the “traffic school” approach to correcting rule infractions). In either event, once the intervention is complete, the
program isover. In past studies we have reported the apparent continued effects of episodic programs (Taylor & Patankar, 2000), but
have & so seen positive effects diminish within afew months of the end of a program (Taylor, 1994; 1998). CompaniesA and E
illustrate the episodic approach. Despite the individual efforts of some of Company A’s MRM facilitators to keep the ideas alive with
the many mechanics who completed the course, there is no official or sanctioned process to follow-up Company A’s MRM training.
“Ongoing MRM” attention to the program continues with -- and for -- all participants long past their initial official activities. Ongoing or follow-
up activities are officialy recognized and supported by a company’s senior managers and union officials — they are a part of the program, not a
“new program” for safety. Recurrent MRM training would be an example of “ongoing MRM,” but it is not the only case. Companies D and H
exemplify different “ongoing MRM programs.” In the case of Company D the training is publicized to happen at least twice (Taylor & Patankar,
2000), while Company H assures that changed behaviors are reinforced through a standing agenda item to address them at every daily shift
change meeting (Patankar & Taylor, 1999).

4) “MRM for AMTs-only vs. MRM for all Tech Ops personnel”
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A maintenance human factors and safety program exclusively for mechanics and inspectorsis easier to design and deliver than its
contrasting counterpart that is administered to a mixture of occupational and professional specialties and different hierarchical levels.
Referring to Appendix “B”, Company A’s program is seen to be a prime example of the former type while Company D’s program

illustrates the latter approach. In past studies, the exclusive focus on mechanics alone was found to be aliability to further diffusion

of MRM programs because of a management ignorance of and lack of support for thiskind of training (Taylor, 1998).

An overview of these four models for the six companiesis shown in the summary table below.

Summary Table
Site Individual vs. Awareness vs. Episodic vs. AMT only vs. All
Systemic Behavior Ongoing Personnel

Company A Individual Awareness Episodic AMTsonly
Company D Combination Combination Ongoing All personnel
Company E Individual Awareness Episodic AMTsonly
Company F Individual Combination Episodic AMTsonly
Company G Systemic Combination Not determined All personnel
Company H Systemic Behavior Ongoing All personnel

METHODS & TOOLS

SAMPLES AND UNITS OF ANALYSIS

Individual respondents as the focus of analyses. Table 1 provides the basic characteristics of the six sites studied during 1998-1999 and
are reported here.

Companies“A” and “D” have been analyzed in detail in this report. The former, Company A, has completed a one-time MRM training program
for most of its mechanics and leads. Company D is till in process of atwo-phase MRM program involving all of its maintenance employees.

Table 1. Site Samples
Site Industry Type | MRM Employee Training | Status Present
program focus Length Sample
size
Co. A |Airline One-time AMTs 2 Day Completed 6,265
Training
Co. D |Airline Phased All 2 Day In process 2,600
Training maintenance
employees
Co. E |Airline One-time Component |4 hour Completed 1,220
Training shop
mechanics
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Co. F |Manufacturer’'s |One-time Line 2 day Completed 135

contract Training maintenance
maintenance AMTs &
Foremen
Co. G. |Airline Training, All 1 day Beginning 124
plus Maintenance 2000
process employees

intervention

Co.H |Corporate Process & |Line N/A In process 7
aviation structure maintenance
department intervention | AMTs &
Foremen

The six sample programs vary in the composition of their respondents. Appendix B contains these demographic statistics for Companies A and

D, aswell asfrom all site samples reported here. The Company A sample contains a high proportion of mechanics, and equal proportions of line
and base workers. Its sample has alower average age, and employees have fewer yearsin their jobs. Company D’s sample includes a higher
proportion of inspectors and foremen than Company A. Company D’s sample also includes a higher ratio of shop employees, and a higher
proportion on day shift than does A. Two of the other samples (Companies D and G) consist of representative proportions of maintenance
management, foremen, leads, support personnel and AMTs. One sample (Company E) contains only component shop personnel. Companies A,

F, and H are composed mainly of AMTSs.

In exploring the effects of the training on all individuals, the data from all training participants totaled for each MRM program sample site will
be used. Remaining analyses will examine the attitudes of respondents in combination with the othersin their same work units.

Maintenance work units as the focus of analyses. The maintenance performance data (classified into categories of "Occupational Safety,”
"Ground Damage," and "Paperwork Errors") are measured by work units, not by individual respondents. The correlation analyses described in
this report illustrate the effect of changes in respondent attitudes associated with the maintenance performance of their work-units. For managers
these are the unitsthey lead. For staff professionals, maintenance foremen, leads and AMTS, these units are the stations and locations to
which they belong. In order to accomplish the examination of attitudes correlated with performance, the individual respondent’s
attitude data were combined into averages for their appropriate work units.

Field visits were made to two sites in Company A and one site in Company D during 1998-1999. These visits involved severa investigators
observing and informally interviewing maintenance employees on all shifts over several days. They occurred within ayear following the
conclusion of training. The data collected were intended to corroborate and validate the data collected in the post-training survey and the
subsequent follow-up surveys. They were a so intended to provide additional information about team or workgroup structure and processin the
months following training.

MEASURES

THE ATTITUDE MEASURE: The" Maintenance Resource Management Technical Operations Questionnaire’ (MRM/TOQ)
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Since 1991 the attitudes, opinion and self-reported intentions and behaviors associated with MRM interventions have been measured and
analyzed. Theraw datafor that analysis have been provided from time-series surveys conducted by the airlines themselves with the assistance of
the investigators. These surveys use a number of standardized questionnaire items agreed-to in advance of the training. These questions are used
alone or combined into Likert-type scales[cf., Festinger & Katz, 1953, pp. 530-531; Selltiz, et. a. 1976, pp. 418-421] to assess the degree of
improvement achieved by the airlines’ various MRM programs. Together these items are called the Maintenance Resource M anagement/
Technical Operations Questionnaire (MRM/TOQ ). Idedlly each airline partner in this research program would survey its MRM participants
before an intervention begins for a given sample population (“baselineg”). It would then measure again immediately prior to a planned MRM
intervention (“pre-“training), immediately following the intervention (“ post-“training), as well as time periods following the intervention (“two-
month,” “six-month,” and “12-month” follow-up surveys). In reality each partner company in this 1998-1999 sample set differs from that idea
measurement model in some way, but the resulting data are adequate for assessment in every instance. These time-series data points have been
previously used only to compare asingle airline’ sresults over time. They have now been recombined to yield normative profiles

Thus the common eval uation methodology begins with asurvey -- the MRM/TOQ. Several versions of the MRM/TOQ will be discussed below.

Each is designed to measure attitudes, opinions and other information during a different time period in each MRM program. All versions of the
MRM/TOQ include demographic or background questions, and closed-ended multiple choice attitude and perception questions. Some standard
versions of the MRM/TOQ also include open-ended questions to be answered in the respondent’ s own words.

Five Uses Of The MRM/
TOQ

There are four versions of the MRM/TOQ which were used in five different ways in the present project. The four versions are included
in Appendix A.

1. "Baseline MRM/TOQ Questionnaire." This baseline survey measures attitudes and opinions before an MRM intervention is begun.
The baseline questionnaire is typically mailed by company to a small sample (typically 10%) randomly drawn from all or a subset of
their maintenance personnel. Recipients are instructed to complete the surveys and return them in envel opes provided either to the
MRM administrator or to Santa Clara University (SCU).

The form of the baseline questionnaire isidentical to the "pre-training” questionnaire described below, and like all versions of the MRM/TOQ it
includes eight employee background items. Because all the questionnaires used in this present study are based on the MRM/TOQ
core questions, the results can be compared across time for one company as well as between participating companies. Earlier
experience with the baseline survey shows the return ranges from 50% (Taylor, Bettencourt & Raobertson, 1993; Taylor, 1998) to
76% (Choi, 1995). In the present analysis, Company E’s baseline survey return rate was 38%, but some in the sample received
baseline surveysin the mail after they had already attended their MRM training, and they thus ignored the baseline form when they
received it. For Company G, where efforts were made to maximize returns, the final rate was nearly75%2.

2. "Pre-training MRM/TOQ Questionnaire." Pre-training questionnaires are completed immediately before MRM training sessions by people
currently attending the session. The pre-training surveys are sent to SCU. These pre-training attitudes are compared with “ post-training”

attitudes immediately after the training, as well as with attitudes measured months later. Instructors are expected to introduce the survey as
“voluntary.” Normal return rateis very high (90-95%), but varies from atotal census— and is usually due to some participants coming late to
their session and thus missing the survey administration.

3. "Post-training Questionnaire." The post-training survey is completed by participants at each workshop's conclusion. Data from the post-
training MRM/TOQ are sent to SCU at the same time as the pre-training survey. Typicaly all surveys, including the post-training questionnaire,
include the same 26 attitude and opinion items and the eight background questions as the baseline and pre-training questionnaires. In addition,
the post-training questionnaire (and all follow-up surveys described below) contains three more multiple response items. These are used to
measure enthusiasm for the training. The post-training survey also includes several open ended (or “write-in™) questions some of which ask
respondents to eval uate the training content; and others of which measure intention to change and self-reports of changes made as a consequence
of thetraining. These latter behavioral descriptors will be further described below.

Post-training surveys are distributed and completed in class and the normal return rate is also between 90-95% (Taylor, 1998). This deviation
from 100% can come from several sources. The training facilitators emphasize that the survey is strictly voluntary and confidential and, because
it isvoluntary, some fraction of all trainees will choose not to completeit. Such shortfall can also result from participants who need to leave the
training session early. A larger discrepancy between the numbers of pre and post-training surveys returned for analysisis noted for Company E
in the present study. Thiswas the result of some of Company E’ s facilitators who either did not distribute the MRM/TOQ forms, or who

failed to remind participants to compl ete them.
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4. "Follow-up MRM/TOQ Questionnaires'. A questionnaire form similar to the post-training instrument is sent to participantsin the
months following their initial training. Differences from the post-training include wording questions in the past tense instead of the
present or future (i.e., “this training has been useful to others,” rather than “this training will be useful to others’). Another difference
between the follow-up and post-training surveysis that the former includes a write-in question asking respondents to describe how
they will use the training on the job. Although the time period can vary, these follow-up surveys are designed to be collected 2, 6, and
12 months afterwards. In the present study these follow-up surveys were al identical in form, they measured the respondents
thoughts, assessments, and attitudes over increasingly lengthy periods from the training.

An example of the MRM/TOQ 2/6/12-month follow-up questionnaire isincluded in Appendix A.

5. Use Of The "follow-up” MRM/TOQ As A Stand-alone Survey Instrument. Company E had begun its MRM training before deciding
to usethe MRM/TOQ surveys. Inthiscasethe AMTS MRM program had been completed in severa line stations and a heavy
maintenance hangar. In that period some 2,500 AMT participants had attended the training. The Company E Human Factors
manager decided not only to begin using the pre-training and post-training in January 1998, but also agreed to send out MRM/TOQ
guestionnaires to previous participants. It was decided that these past participants would be asked to complete a 12-month
guestionnaire. The questionnaires used were identical to the “follow-up” instrument in Appendix A. Those questionnaires received
back act as a stand-alone, post-hoc survey of MRM attitudes, opinions, self-described behaviors, and future intentions to use the
training. To distinguish these stand-alone 12-month surveys from the “follow-up” surveys -- which are mailed to participants who
had earlier been asked to complete pre-training and post-training surveysin the training session -- they will be referred to as the “ 12-
month Survey.” This convention is consistent with that used in earlier MRM research (cf., Taylor, 1998).

THE MRM/TOQ ATTITUDE AND OPINION SCALES

Many of the closed-ended, individual questionsin the MRM/TOQ are combined into scales or indices. These scales are measures of
attitudes and opinions about “communication & coordination,” “shared decision making,” “assertiveness,” “ stress management, “goal
sharing” and “safety practice”. All six of these scales have been extensively tested during 1998-1999 and the results of that work are
reported elsewhere (cf., Taylor, 2000b).

The MRM/TOQ has devel oped and evolved over the last decade. Most core itemsin the MRM/TOQ are derived from a 1990 version of the
Cockpit Management Attitudes Questionnaire (CMAQ) -- atraining, evaluation and research tool developed by investigators at the University of
Texas (Helmreich, Foushee, Benson, & Russini, 1986; Taggart, 1990). The CMAQ questionnaire contained a number of items measuring
attitudes that are either conceptually or empirically related to communication and teamwork training provided to flight and maintenance
personnel.

M ethodology for Combining Survey Items | nto Scales

Four previous studies have used Factor Analysisto explore and confirm a consistent internal structure for the core questionnaire items of the
CMAQ and the MRM/TOQ (Gregorich, Helmreich, & Wilhelm, 1990; Sherman, 1992; Choi, 1995; Taylor, in press).2000b). Inthose
four studies, using samples of flight crews, air traffic controllers, AMTs, and maintenance managers respectively, the authors have shown that
the rel ationships among the 18 core items clustered into four “factors,” or constellations of attitudes. The four factors are shown in Table 2.

Table 2. Common Attitude Factors Across Four Studies

1) Value Shared Decision Making,

2) Value of communication and coordination,

3) Value of stress recognition & management,
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4) Value of assertiveness (or willingness to voice
disagreement).

All four factor analytic studies combine the basic items into composite index scales to obtain more stable indicators of underlying concepts.
Such indices permit a more detailed assessment of the separate but related attitudes than a single total score for the entire questionnaire, but they
also provide more accurate and reliable results than are available from each of the individual questionnaire items alone.

Measuring both attitudes and opinions. For the purposes of this report, attitudes will be defined as “values or feelings respondents hold toward
certain abstract concepts’ (e.g., employee participation, or coordination) “and behaviors’ (e.g., stress management or assertiveness). On the other
hand, opinion refersto “personal judgement,” or “evaluation of some person, act, or thing.”

Since 1991 the MRM/TOQ has included six items measuring the degree to which a respondent’ s work group practices goal sharing and

setting. Taylor (2000b) included these itemsin his confirmatory factor analysis and reports they form afifth factor, “ Goal setting and
sharing.” In 1998 the MRM/TOQ was expanded to include five questions measuring knowledge and opinion of safety practicesin the
maintenance department. Those five questions were adapted from itemsin later versions of the CMAQ developed and tested by

researchers at the University of Texas. Inthe MRM/TOQ the five are combined into a single opinion scale called “ Safety Practice.”

The composition of the four attitude and two opinion scalesin the MRM/TOQ are shown in Table
3.

Table 3. Scales Used to Measure Human Outcomes of MRM Training

MRM/TOQ SCALE CONSTITUENT ITEMS (See Appendix A)

Attitude Scales

Value Shared Decision Making 6.8, 11,13 (reflected)

Value Communication & Coordination |12, 14, 15, 16

Value Stress Management 9,17, 18

Value Assertiveness 1, 2 (reflected)

Opinion Scales

Opinions of Goal Setting & Sharing 20-26

Opinions of Company’s Safety 3,4,7,10, 19
Practice

Theindividua item numbersin Table 3 correspond to the numbering of the sample questionnaire found in Appendix A. A "reflected"

scale means that the scoring of individual responses for constituent items comprising that scale are reversed (i.e., 1=5, 2=4, 4=2, 5=1)
before the scale averages are calculated

As noted above, each MRM/TOQ survey also includes several questions to collect demographic data (i.e., information about respondent

background). These questionsinclude years with the company, yearsin present job, age, gender, education, job title, department, and
shift.

Finaly, al MRM/TOQ surveys administered after the training include three more multiple response items that are used to measure
enthusiasm and personal expectations for the training (cf., Appendix A, pp. 4 and 6, items [11-1 through [11-3).
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OPEN-ENDED QUESTIONS IN THE MRM/TOQ

Each version of the MRM/TOQ after the pre-training survey include open ended (or “write-in") questions soliciting reactions to the
training and/or improvements to the training (Appendix A, pp. 4 and 6, items I11-4 through 111-6.

What aspects of the training were particularly good?

What do you think could be done to improve the training?
Another open-ended item collects respondents’ intentions to change.

How will you use this training on your job?

And in the follow-up (2,6, and 12-month) surveys, an open-ended question asks for respondents’ self-reports of changes made as a consequence
of thetraining (Appendix A, p.6, item I11-4).

What changes have you made as a result of attending the MRM training?

INTERVIEWS AND FIELD OBSERVATION TO SUPPLEMENT AND SUPPORT MRM/TOQ

An additional measurement took the form of field visits made during 1998-1999 to two sitesin Company A and one sitein Company D. These
visitsinvolved several investigators observing and informally interviewing maintenance employees on all shifts over several days. They
occurred within ayear following the conclusion of training at the given site. The data collected were intended to corroborate and validate the
data collected in the post-training survey and subsequent follow-up surveys. They were also intended to provide additional information about
team or workgroup structure and process in the months following training.

Comparing Answers from Open-ended Survey Questions and Interview Results

Assessing self-reports of changes made. 1n the question of efficiency in data collection, self-reports of changes actually made are
direct and easier to obtain than actual observations. When those self-reports are written in response to the last survey question
described above the efficiency improves further. Such efficiency must come at some price in the goodness (i.e., reliability and
validity) of the results obtained. Thus the degree of goodness of self-reported statements of changes made in response to MRM

programs should be assessed.

Assessment in this case takes the form of comparing the self-reported, written answers with subsequent interviews and observation of changes
attributed to MRM training interventions. Two large line stations and one large, heavy maintenance station were part of this study. All
three sites had completed MRM training in arelatively brief period -- ranging from 3 months for a 450 mechanic line station, to 10
months for a 1,000 employee maintenance base. All stations had collected MRM/TOQ survey data in the months following the
training -- and these data included written answers about respondents’ changes made as aresult of thetraining. These responses are
collapsed into several categories -- “ greater awareness,” “ better communication,” “greater care at work,” and “ better stress
management.” They are further analyzed and described in Table 4, p. 15.

Field visits were structured such that observer/interviewers could remain on each of the three shifts at least two days during a three or four day
period. In each site, the sample of interview respondents was obtained via introductions from the shift foremen, leads, and union
representatives. The interviews were usually held at the individual’ s work place or in the employee break areas. In this setting, investigators had
ample time to observe normal operations as well asto discuss MRM with employees. These interviews allowed respondents to discuss

their recollections of their MRM training and to report their observations and impressions of changes made as a result of the training.

These field visits took place in the two Company A sites about one year after their training had been completed. Inthefirst of those visited (a
line station of 750 employees) 40 of the prior participants (about 5% of the total) were interviewed. In the second site (the maintenance base of
over 1,000) 220 prior training participants (over 20%) wereinterviewed. In thethird site (aline station in Company D, with some 450
mechanics) field visits occurred about three months following each of two phases of the program. Following the first phase, 140 (about 30%) of
all training participants were interviewed and during the second field visit after their completion of the second phase of MRM training about 90

(20%) were interviewed.
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For the purposes of this analysis the data between the written answers to the questionnaires and the interview results were reduced from some

two dozen coded responses and summarized into five general categories of MRM outcomes. The five included “ greater awareness,” “more
communication,” “greater carein task accomplishment,” “better stress management,” and “there was no effect.” Four separate
measures of MRM/TOQ had been previously administered among the three field sites. Each site had at |east one survey questionnaire
in which employees were asked to write down what they had done on the job as a consequence of MRM training. One site had two
waves of survey data— the first two months following the training and another six months after. Each site also had two interview
measures. Line station D-2 had two visits about six months apart. The other two sites had only one visit each, but these were
structured such that individuals could report and illustrate their own changes, as well as those observed in others. Table 4 shows the
measures and sites along the | eft axis, and the proportions of responses for each of the five categories of MRM outcomes popul ate the
body of thetable.

Theresultsin Table 4 were tested for agreement among the 10 measures (4 surveys and 6 interview measures) over the 5 related MRM
outcomes. Thistest (Kendall’s Concordance, or W) determines the overall relationship among the ratings from the 10 measures. The
Kendall W ranges between “0” (no agreement) and “1” (complete agreement). The statistic obtained for the resultsin Table X (W
=.717; N=10, df=4) islarge and significant above the .0001 level of confidence. This result shows that there is a high degree of
agreement or concordance among the 10 measures, and thus between the questionnaire answers and the interview outcomes as well.

Those field visits helped confirm that the changed behaviors people reported were actually practiced. Observations of team meetings, shift
turnovers, personal awareness and interpersonal safety reminders (this last target including posters, but not limited to them) were noted and
trends observed were compared with the survey and interview results.

Table 4. Comparing Answers to Open-Ended Survey and Interview
Questions
Percentage of Five MRM Outcomes For 10 Measures over 3 Sites*
1. 2. 3. 4, 5.
Greater Better Greater care Better No impact | (other)
awareness | communication in work stress mgt.
Site A-1**, 2Mo Follow-up Survey 39 14 4 6 30 7
Site A-1, 6Mo Follow-up Survey 30 12 12 4 30 14
Site A-1, Interview: Self-Change 33 0 13 9 45 0
Site A-1, Interview: Others’ Chg 5 33 5 0 42 14
Site D-2**, 2Mo Follow-up Survey 52 8 21 0 13 5
Site D-2, 1998 Interview 15 13 4 0 67 2
Site D-2, 1999 Interview 25 5 2 0 68 0
Site A-3, 6Mo Follow-up Survey 36 24 3 4 26 7
Site A-3, Interview: Self-Change 22 27 3 3 33 12
Site A-3, Interview: Others’ Chg 14 27 7 2 55 4

*W =717, N=10, df=4, p<.000
** Sjtes Ai and D2 are both Line Maintenance Stations

MEASURES OF MAINTENANCE SAFETY PERFORMANCE

Company A has provided monthly statistics for Occupational Injury and Aircraft Damage for the years of 1995 through 1999. Thetotal of all
1,250 AMT respondents in the 6-month Company A sample includes the members of over 60 organizational units drawn from many
parts of maintenance (base maintenance, line maintenance, shops, quality, and stores). The total numbers of unitsin each anaysis
vary depending on the specific performance indicator because not all the work units are measured on the same performance, nor are
the same units always reported every month. Table 5 shows the range of numbers of work units available for each of the measures

available monthly over the 1995-1999 period.
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Table 5. Sample of Work Units Available for Safety Performance Measures Company A Study

Safety Performance Measure Number of Work Units

Line Maintenance Stations: 30-31

Lost Time Injuries (LT1) Base Maintenance Units; 28-33

All Sitesin Sample: 58-64

Line Maintenance Stations; 30

Ground Damage-Aircraft (GD) . )
Base Maintenance Units; 27-29

All Sitesin Sample: 57-61

Company A Lost Time Injuries

(LT)

Theinjury rates are expressed in terms of the number of injury incidents which result in days lost to treatment and recovery (termed Lost Time
Injuries, or "LTI"). The AMT MRM training undertaken by Company A is expressly intended to reduce LTI, and timeis spent at the
conclusion of each two-day session in reviewing an injury case and discussing ways to avoid such casesin future. LTI dataare
available by maintenance cost center by month. There are some 90 Company A cost centers reporting LTI from which personnel
attended the AMT MRM training through the period studied here. Actual personnel count per month for each line station, or heavy
maintenance work unit were also provided by Company A, and those data were used to control the error statistics by size (i.e., head
count) per station. Those corrected LTI datafor all months of 1995 through 1999 are totaled by month and plotted graphically (see

Figures 32 and 33).

Aircraft Ground Damage (GD) statistics for Company
A

Monthly counts of maintenance-related aircraft damage are also available for 1995 through 1999. The number of cost centers reporting damage
incidents are roughly the same asthose for LTI. Again, the actual personnel count per month for each line station or heavy maintenance
work unit were used to control the error statistics by unit size (i.e., head count). Those corrected aircraft damage datafor all months
of 1995 through 1999 are totaled by month and plotted graphically (see Figures 31 and 33A).

Company D Paperwork and aircraft damage statistics

Logbook errors as well astotal paperwork errors per line station per month have been made available from January 1996 through 1999 in
Company D. Actual flight departures per line station per month were also provided by Company D and those data were used to control the error
statistics by size (i.e., amount of flight activity) per station. Those corrected paperwork error data for all months of 1996 through 1999 are totaled
by month and plotted graphically (see Figure 36). The resulting chart provides for an examination of error trends over 48 months before,

during and after Company D MRM training began in January 1998.

Company D has also provided monthly statistics for Aircraft Damage for the years 1997 through 1999 (see Figures 34 and 35). Thetotal of al
2,600 respondentsin the phase 1 post-test Company D sample includes the members of three maintenance stations.

MRM ATTITUDE AND OPINION BENCHMARK
PROFILE

Profiles and profile analysis are highly useful waysto study and audit group scores (Kerlinger, 1979, pp. 272-274). A profileisaset of scores
from a set of measures. Group profiles used here are average scores obtained from a group of scores. The profiles created in the present case are
converted to standard scores and are referred to as “benchmark” measures. The distance between the individual means for a specific group, as
adjusted for the variability of the population through the use of standard scores, and the standard score of the normative profile (“benchmark”) for
that larger population are expressed as percentile ranks.
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Percentile ranks are easy to compute, widely used and understood, suitable as a means of displaying information, and make it possible to
compare the scores of groupsthat are unequal in size. When the distribution of underlying scores approximates that of a normal distribution,
derivative percentile ranks will give more weight to scores on the extremes of their distribution and less weight to the scores which pile up in the
middle (Brown, 1991). For our purposes, thisis an advantage in highlighting those MRM unit scores that are substantially above or below the

benchmark population.

The MRM Benchmark profile panels are created by calculating standard scores (“Z") for each of the six MRM surveys —Base, Pre-, Post-training,
2-, 6-, and 12-month. Next, percentile scores for any maintenance work unit or site are calculated for the appropriate survey panel using that
panel’s “Z" scores. These profile panels, derived from standard scores (“Z"), can be used to compare the percentile rank of MRM attitudes and
opinionsin any given company at any stagein its MRM program with like measures from the large database of like employees during a similar
period in their MRM involvement. This panel of Benchmark comparison profiles for attitudes and opinions forms one tool to help audit the
effectiveness of a maintenance human factors program.

The Normative Profiles

The appropriate responses from all of the companies measured using the MRM/TOQ were combined by each period in the data collection time

series. Those raw data were then transformed into “ standard scores’ which provide and prescribe the norm (or standard for comparison) for each
time period. The datain each time period thus providesits own profile:

¢ a“baseling” profile (a comparison standard to use before an intervention begins for a given sample
population);

e a“pretraining” profile (astandard for comparison immediately prior to a planned MRM
intervention);

e a“post-training” profile (for comparison of MRM/TOQ resultsimmediately following
intervention);

e two-month and six month profiles.
¢ Thel2-month “stand alone” profiles (MRM intervention comparison profiles for responses gathered up to ayear afterwards).

In the eight “ Survey Results’ sections that follow, comparisons are made with population profiles only for a selected subset of the raw data— six
attitude and opinion scores from the Likert scales derived from some 26 individual measures, plus three “enthusiasm items.” These six scales and
three separate items are presented as percentile scores. Each section contains the profile information for atime period: Baseline, Pre-training,
Post-training, 2- & 6-Month, and 12-Month data sets.

RESULTS

MRM/TOQ SURVEY RESULTS

The order of presentation for survey resultsin this section is asfollows. The mean scores for the total data set (the “ Benchmark™) are displayed
first, followed by the separate mean scores for the companies“A,” “D,” “E,” “F,” “G,” and “H,” as available. Following these mean scores, the
percentile ranks for each of the companies are shown, comparing each company with all of the others included in the Benchmark database.

ENTHUSIASM FOR
MRM

Three questions examine and compare participants’ general reactions and enthusiasm to their MRM program. One of these questions
measures the degree the “training increases safety and teamwork” (cf., Appendix A, p.4, Q 111-1). The second question asks about the
“usefulness of the training for others’ (Appendix A, p.4, Q I11-2). The third question measures the “training’ s effects on my on-the-job
behavior” (Appendix A, p.4, Q I11-3). Inimmediate “post-training” questionnaires these three questions are worded to measure
expectations (e.g., “thistraining will be useful to others’). In the questionnaires used 2, 6, or 12 months later (cf., Appendix A, p.6, Q
I11 1-3) the three questions are worded to measure actual experience (e.g., “thistraining has been useful to others”).
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That third question (“training’ s effects on my on-the-job behavior”) uses a four-point, forced-choice scale, instead of the more usual 5-point
scale. Thiscurrent and past use of the “forced choice” method with this question has been to avoid neutral or ambiguous answers. In continuing
this practice we prevent respondents from straddling the fence and avoid committing to action or inaction. The lower mean scores for this
guestion are the result of its “shorter” (i.e., 4-point) scale.

THE BENCHMARK PROFILE: COMPARISON OF ALL PARTICIPANTSIN THE DATA SET

FIGURE A1
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Figure 1 shows the Benchmark’s mean scores results for each of the four survey waves that followed MRM training. Clear from
Figure 1 isthat respondents dating back to 1991 are strongly optimistic about the promise of the MRM program immediately after

they have experienced it (i.e., post-training). Their expectations for the training are very high for its general outcomes and for its
effect on others. Respondents are less enthusiastic about the training’ s effect on themselves.

Figure 1 also shows that Benchmark results for surveys taken some months after the training show decidedly lower scores for the
general effects of the training than that immediately following the training. This confirms earlier conclusions (Taylor & Robertson,
1995) that positive energy for MRM can dampen with time, and that this may be discouragement with alack of program follow-
through (Taylor, 1998). In assessing the personal impact of the training (“ Training’s effects on my behavior”), Benchmark results for
the 12 month surveys are more positive than their 2 month and 6 month counterparts and these differences are statistically significant
(p<.05). Thismay be the result of a biased sample — those who answer and return the 12 month survey may be more positively
disposed to the training and its concepts than those who do not. Alternatively the very diminished scores two months and six months
afterward (especially for the first two questions) probably reflect lapsed activity in program implementation; or the effect of inflated
expectations for MRM program’ s effects on others that are subsequently realistically revised by the 12 month respondents.

Figure 1 shows very high expectations for the MRM program in general, and for its effects on others immediately after the training.
The reality of the situation is assessed somewhat lower in the months following that initial enthusiasm.
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FIGURE 2
Enthusiasm by Company/Survey
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Figure 2

Enthusiasm Scoresfor the Five Companies

Mean scores for the three enthusiasm items for the five companies employing MRM training are shown in Figure 2. Companies A, D and F
all show very high mean scoresimmediately following their training. All four companies show a decrease in mean scores over time
for the first two questions. For the third question, “Training changes my behavior,” only Company D shows an increase over the six
months between its phase | and phase |l training -- and this difference is statistically significant (p<.000).
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Figure3

Figure 3 shows the percentile ranks comparing the enthusiasm scores for each company with the Benchmark. Company A is
commensurate with the Benchmark norm for the first two questions, and below the norm for the third question (“ Training changes my
behavior”). Company E’s 2-month and 6-month enthusiasm are both dightly above the appropriate Benchmark profiles for the first
two items. Company E’s post-training enthusiasm for personal change (the third question) is quite low. Company F's post-training
enthusiasm is at or above the Benchmark norm for all three questions, while its 2-month survey shows a decrease in enthusiasm for
persona change.

Company D’sinitial (Phase 1) post-training enthusiasm too, ranks above the Benchmark norm. Company D’s phase 2 post-training
enthusiasm cannot be ranked or compared with the post-training Benchmark because it is a unique measure of people who have
already had several months to think about and use the ideas presented in the phase 1 MRM training.
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MRM ATTITUDE AND OPINIONS
PROFILES

FIGURE 4
BENCHMARK DATA (1991-59)
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MRM Attitudes and Opinions: Benchmark Profile

Figure 4 displays the mean scores for the four attitude scales and the two opinion scales for al respondents (the “ Benchmark” dataset)

over all surveys. It captures the accumulated evidence collected over the past decade. This evidence collected from over thirty
thousand respondents reveals avery regular profile of attitudes and opinions in maintenance operations.

These results show the Baseline survey’ s results are at least as high as those of the Pre-training survey are. The only exception is the Stress
Management attitude scale, in which the baseline mean is lower than the pre-training mean.

The stress management scale also differs from the other scale results by showing the largest increase between pre- and post-training
surveys. Stress management is also different in anearly symmetrical diminution for the 2, 6, and 12 month surveys (F=265, p<.000).

Both the “ Shared Decision Making” scale, and the “Value Communication & Coordination” scales show the “training effect” -- an
increase between pre- and post-training surveys, followed by more stable mean scores for the 2, 6, and 12 month surveys (62>F>73,
p<.000).

The “ Assertiveness’ scale shows little difference among the five surveys. The two opinion scales reveal only slight variation among
the surveys.

Communication & Coordination is highest. Attitudes about coordination and meetings are clearly highest (within .75 points of the top of the five
point scale). Employees in airline maintenance uniformly value meetings, communication and coordination. MRM training uniformly

increases these scores a small but significant amount.

Opinions of company safety practice is next highest. Employees clearly rate safety management highly. Thereisasdlight boost to these scores
immediately after training, but then a slight and slow decline. It's asif this climate doesn’t improve in line with respondent expectations.

Assertivenessisthird highest. The value of being assertive and speaking-up is very stable over time at 3.10 - 3.25 on the five point scale. For
this overall Benchmark population it is not much changed by the training.

The value of shared decision making, and opinions about goal setting & sharing aretied. These two profile scores are closely behind
assertiveness. Unlike assertiveness, these two scales do show slight improvement following training and remain stable thereafter.

Value of stress management is the lowest score on the profile. All stress management scores for the Benchmark are below three on the five point
scale. This scale also shows the greatest variation over time. After amarked increase after training, attitudes toward stress management fall to
the pre-training level.

Attitude and Opinion M eans and Per centile Profiles by Company
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In Figures 5 through 15 to follow, each survey (Baseline, Pre-, Post-, etc.) are presented separately for the five companies. Thefirst
figure presentation for each survey contains the attitude and opinion mean scores for all five companies. The second figure for each
survey presents the percentile comparison for the same data.

Baseline Survey Results

FIGURE 5
Comparison Among Companies, Baseline Survey
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Figure 5 shows the baseline mean scores for Companies E and G. Company E’s population is Component Shop Personnel only, while
Company G sampled from their total maintenance workforce population. Figure 5 shows Company G has clearly higher attitudes
toward “ Communication & coordination,” and higher opinion of their “Goal Setting & Sharing.” The different populations from
which these two samples were drawn may account for these differences. However, differencesin the organizational cultures of the
two companies may aso explain the pattern.

Figure 6 displays the percentile scores that compare the two company’ s baseline results with the Benchmark. Results at or around the
50t percentile indicate a company’s similarity to the Benchmark dataset. Only two percentile ranks are noteworthy deviations from
the norm -- they are the 30t percentile score for Company E’'s Communication & coordination baseline attitudes, and Company G's
72nd percentile rank for Goal Setting & Sharing.
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Company E’slow baseline percentile rank suggests that these employees -- for whom the MRM training is intended, but who have not

yet been informed thereof -- do not much value meetings as ways to coordinate work. The following sections include Company E’s
results following the MRM training and this low attitude towards meetings continues.

Company G’'s MRM program had not begun by the end of 1999 so asimilar longitudinal comparison is not yet available. However

Company G’srather high percentile rank for goal sharing is consistent with that Company’s organizational culture -- which obviously
carries over to its maintenance personnel.

Pre- and Post-training Survey Results

FIGUREY
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Figure 7 shows the mean scores for each company (A, D, E, and F). These results clearly demonstrate the first part of the “training
effect” —the increase in the first three attitude scal es between pre- and post-training mean scores — for each company. The
assertiveness attitude scale shows mixed results depending on the company — two of these companies MRM programs (Companies D

and F) focused on or emphasi zed assertive communications. The two opinion scales show few pre-post differences and the safety
practice scale shows remarkable similarity among companies.

HGURE 8
Pretraining Attitudes and Opinions Compared with Benchmark
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The pre-training percentile ranks for the four companies are shown in Figure 8. Company E now ranks somewhat lower than the
norm for al the attitude scales, and dightly above for the goal sharing opinion scale. Given the tense labor relations climate at
Company E at the time of the training, these low attitudes and the sense of high common goals among participants immediately prior
to the training suggests a defensiveness or “circling the wagons’ by participantsin face of a company training program.

Company F, on the other hand, iswell above the pre-training Benchmark norm for three of the four attitude scales. This above
average value for communication, stress management and assertiveness should make the Company F participants especially sensitive
to the message of the MRM training to follow.

FIGURE 4
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Post-training percentile ranks, displayed in Figure 9, continue to show Company F above the norm for Communication &

coordination, and Stress Management. Likewise all of Company E’s post-training attitude scores are substantially below the post-
training norm. The former company’s results show that it has benefited more than the average from the training, while the latter
company shows that its poorer attitudes relative to the other companies studied remain low in the profile following the training.
Despite itstraining’ s positive effects on Company E’s stress management (as shown in Figure 7) participants' attitudes on that factor

are still lower than most other companies.

Two-month and Six-month Follow-up Surveys

FIGURE 10
Compansons Among Sites, 2- and 6-month Follow-up Surveys
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Figures 10-11 present the mean score and percentile results for the two- and six-month follow-up survey results.

The 2- and 6-month mean scores shown in Figure 10 reveal some differences among the three companies (A, E, and F), but very little
difference between the two surveys for the same companies (i.e., A & E).

FIGURE 11
2- & 6-month Attitudes & Opinions Compared with Benchmark
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Their percentile ranks (Figure 11) place these differences among the companies in stronger relief. Company E is substantially lower
on sharing command, communication & coordination, and stress management. Company F shows two-month survey scores for stress
management and assertiveness that are substantially above the norm for al two-month surveysin the Benchmark database. Both of
these MRM topics are emphasized in the training program used by Company F. Thisrise of assertiveness attitude strength for
Company F between post-training and 2-month surveys is not statistically significant, but the effect is reminiscent of the delayed
reaction and “ positive transfer” of learned skills noted in an early MRM program (Taylor, 1995). Designing MRM programs to
achieve such an effect is becoming a popular idea and one which is beginning to show positive results (Patankar & Taylor, 2000a).
When MRM programs are targeted toward different purposes they will achieve different results.

Twelve-month Stand-alone Surveys

Figures 12 and 13 present the mean scores and percentile ranks for the 12-month stand-alone survey of AMTsin Company E and
Company H. In both companies, these mechanics had participated in an MRM program more than ayear before, but they had not

completed either pre- or post-training survey at that time. This 12-month survey isthe first time they have been asked to describe
their views and feelings about MRM topics.


http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=731f#JD_PH10TaylorFigure10
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=7325#JD_PH10TaylorFigure11
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=731f#JD_PH10TaylorFigure10
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=7325#JD_PH10TaylorFigure11
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=2210
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=732b#JD_PH10TaylorFigure12
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=732d#JD_PH10TaylorFigure13
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=1f62
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=2210

FIGURE 12
Comparisons Among Sites,12-month Survey
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The mean scoresin Figure 12 display a marked difference between the two company samples.

FIGURE 13
Percentile Ranks
12-month Attitudes and Opinions Compared with Benchmark
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Examination of the percentile ranks in Figure 13 show that in fact Company E scores at alow to normal level compared with the
Benchmark, and that Company H scores are substantially above the norm for sharing command responsibility, assertiveness, and
safety practice.

Table 5A summarizes the results of the Benchmark comparison for all companies subsequent to their training.

TABLE 5A. COMPANY PERCENTILE RANKS SUBSEQUENT TO MRM TRAINING

SITE Shared Communication | Stress Assertiveness | Goal Sharing & | Maintenance
Decision & Coordination | Management Setting Safety Practices
Making

A Normal- Norm- | Normal- Norm- Normal- Norm- | Normal- Norm- | Normal-Norm- Normal-Norm-
Normal Normal Normal Normal Normal Normal

D Normal Normal Normal Normal Normal Normal
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E-Shops Low-Low- Low |Low-Low- Low Low-Low- Low-Low- Low | High-Norm- Normal-Norm-
Low Normal Normal

E-AMTs Norm/low Low/norm Norm/low Normal Normal Normal

F Normal-Normal | High-Normal High-High High-High Normal-Low Normal

H High Low Normal High Normal High

OPEN-ENDED QUESTIONS

Benchmark Results

A generalized, but descriptive profile of respondents’ reactions to their MRM training is obtained by combining benchmark respondents’
initial answer to each of the four open-ended questions used in all of the post, two-, six-, and 12-month MRM/TOQ surveys. Figures
14-17 display the distribution of coded answers of all respondents for each of the four questions. The Benchmark database includes
all MRM training participants between 1991 and 1999.

Benchmark: Reactionstothe Training

FIGURE 14 - All Benchmark Surveys
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“Good aspects of MRM training?’ Figure 14 shows the percentages for all Benchmark respondents for all topics they mentioned, for the
guestion, “what was good about the MRM training?’ The first three topicsin this preference list — with over 15% each — are

teamwork exercises, accident case study videos, and “everything.” A distant fourth (7%) is the topic “awareness of self and others,”
following in fifth place is stress management (6%), and sixth is“chain of eventsin accidents’ (5%).

“What would improve MRM training?’ Figure 15 shows the Benchmark percent for all topics volunteered to the question, “What would
improve the training? Here an overwhelming one-third said that the training needed nothing and it was fine the way it was. Another
10% said they wanted more cases and videos, and slightly smaller percents said they wanted the program to continue as recurrent
training, they wanted it lengthened, they wanted more managers trained, or they wanted more time for teamwork exercises.
Maintenance personnel like MRM and want more of it. Over 40% mentioned some aspects of enlarging the length or the scope of the
training.
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FIGURE 15 - All Benchmark Surveys
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Figure 15

Benchmark: Behaviors Caused by Training

“How will you use MRM training on the job?" Figure 16 displays the answers volunteered to the question, “how will you use the training
of thejob?’ For the Benchmark database — containing training participants from 1991 through 1999 — the first two topics say it all.
Thefirst (over 15% of all respondents) isto be thorough and to fight complacency in themselves. Another, dightly smaller percent

say that they will be more interactive and promote teamwork. These two themes — passive coping and active communication — are the
substance of MRM training.
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FIGURE 16 - All Benchmark Surveys
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Note that stress management is ranked 11t of the topicsto be used. It isapopular ideaimmediately following training, but not as attractive asa
passive coping technigue to be applied later by this population.

“What changes have you made as aresult of attending MRM training?’ Figure 17, “how have you used the training?,” shows onein five
respondents say they didn’t change at al. The next two topicsin order are awareness of self and of others (13%), and safety
awareness (11%). About 8% each say they fought complacency. This absence of effect and the next three passive topics account for
fully half of those answering this question. Another 8% say that they promoted teamwork -- an “active” behavior — and together with
those who say they will communicate better (5%), or be more assertive (4%), don’t add up to 20% of thetotal. These self-reported
behaviors are at odds with the intentions to change that respondents voiced afew months earlier (and just reviewed in Figure 16).
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FIGURE 17 - All Benchmark Surveys
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Companies 1998-1999: REACTIONSTO THE TRAINING

Respondentsin each of the four companies examined in this report al answered the open-ended questions, and have their own specific reactions
to MRM training. This section describes what respondentsin companies D,E,F and A volunteered that they liked about their own programs and
what changes they suggested.

Company D

Company D developed a two-phase training program for all maintenance employees. At the end of 1999 the program was still in progress.
Figures 18 and 19 present what those participants have liked most about the program and how they wanted it improved.
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FIGURE 18 - Co.D Phase 1, Post-trng.

30

20 4

% Ry sy
% TR ﬁ%m%ﬁ;ﬁ% %,
q.q,. %’@,q?%’ .F' o, %q-'b;;ﬁ %:F

=ood aspects of this training?

Figure 18

Figure 18 shows that Company D’s enthusiasm for the MRM program isinitialy very high (and following phase 2 these good
feelings remain (cf., Taylor & Patankar, 2000).

Over 20% of Company D’s respondents like everything about the training, and another 20% say they especially valued the accident case

studies. In third rank about 8% said they most valued the idea of “chain of eventsin accidents,” followed by asimilar percent who liked the
teamwork exercises best.

Figure 19 shows that aimost 40% of Company D’s respondents have no suggestions to improve it and want it left theway it is.
They obvioudly like the program and want it to continue as to grow.
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Figure19

Company E

During 1998 Company E administered a2 day MRM awareness training course for component shop mechanics. The training

coincided with intensive and emational labor contract negotiations. Figures 20 and 21 display what was best liked about the course
and suggestions its management under those circumstances.

» Figure 20 shows that a clear favorite of Company E’s participants were the accident case videos.

FIGURE 20 - Company E, Post-training
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Figure 20

» Figure 21 shows that many of these respondents would also like more case
videos.

» But thereislittle agreement about the program’s length — some 12% in Figure 21 wanted the %2 day course made longer, while another
11% wanted it shorter than the four hoursthat it was.

FIGURE 21 - Company E, Post-training
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Company

F

Thisisarelatively smaller maintenance operation than companies A, D, or E. All its line maintenance mechanics and foremen

attended the two day MRM course presented by an outside vendor. Figures 22 and 23 show what respondents thought was best, and
what could be improved.
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FIGURE 22 - Company F, Post-training
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Figure 22 shows one third of Company F's particpants most liked either “everything” about the course, or case studies; followed
by 11% who most valued the self-awareness they learned about. Communication and teamwork exercises were the next most popular.

Figure 23 shows aremarkable 45% of all Company F respondents said the course was great the way it was — and required no

changes. Smaller proportions of participants suggested a variety of improvements which reveal the same sentiment reflected in other
companies results — to enlarge the size and scope of the MRM program.

FIGURE 23 - Company F, Post-training
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Figure 23
Company A
Company A’stwo day MRM training course was delivered to most of its AMTS, and to its material services personnel (cf., Appendix

B). By late 1998 the training had been concluded. Figures 24 and 25 show for Company A what participants felt was good about the
training and what they through could be improved.

FIGURE 24 - Company A, Post-training
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FIGURE 25 - Company A, Post-Training
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e InFigure 24, the teamwork exercises were most liked by the largest proportion (21%), followed by those who most valued the accident case

studies (20%), then those who said “everything about the course” (13%), while stress management was fourth with 7% who like that topic the
most.

» Figure 25 shows that one third of Company A’s respondents said no improvements were necessary. Most of those who had
suggestions about the training tended to want more of it —“make it longer” 8%, “hold recurrent MRM training” 7%, “train
management too” 7%.

Companies 1998-1999: Behaviors Caused by Training
Intentions To Change And Subsequent Change Reported

In addition to eliciting reactions to the MRM training, the open-ended questions help establish a company’ s direction of change
through its respondents’ stated intentions to change their behavior following the post-training survey. The follow-up surveys -- two
and six months following the training — provide reports of subsequent behavior change. This comparison of intended and realized
behavior is available for all four companies A, D, and E and F aswell. In this section comparisons will be made between intentions
and self-reports of actual behaviors for active and passive behaviors. These comparisons between intended and actual change are
viewed in the context of the “ purpose”’ of those companies MRM programs for example. |f aprogram is designed to heighten
individual awareness then individual awareness is what we expect respondents will intend and what they should subsequently report.

Collapsing specific codesinto “active” and “passive” categories. An essential difference among MRM programsis the degree to which they
encourage active interpersonal behaviors (e.g., speaking up, speaking out) versus more passive individual coping behaviors (e.g., being more
aware and fighting complacency). Changesin behaviors should reflect these program differences. The several companies studied during 1998-
1999 are compared on the active communication versus the passive coping behaviors reported by their maintenance employees. To aid the
presentation of intended behavior changes and subsequent self-reports of behaviors changed, the specific, written responses are divided into
“passive” and “active’ behavior categories. Table 6 shows the specific codes that are combined into active and passive categories.

TABLE 6. Transforming Answers of Open-Ended
Questions
Specific Composition of New Change Categories

“Passive” Category “Active” Category “No Change” “Other”
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« |fight complacency |- linteract with « lwon't (or didn’t)
others change
+ Aware of self & + |l communicate « |l am safe already « All other codes
others
Aware of safety + Better shift + ldon’t know how I'll
hazards turnover change
» Situation - Being assertive
awareness
« Stress
management
« Being agood
listener

Company A isused herein two ways. First, it will be the initial case examined in this section. Company A is aso used here as an illustration of
this transformation of specific topics from the answers to the open-ended questions to the four categories shown in Table 6.

The other three companies; D,E, and F will be presented only in terms of the four collapsed categories.
Company A MRM: A Single two-day AMT Training Session

Company A’s MRM training program was completed for all of itsline AMTs and for many (approximately two-thirds) of its base

maintenance AMTs. The purpose of the program, stated in the participant’ s workbook, was to create an awareness of the impact of
human performance on maintenance-related errors and personal safety. The learning objectives for the course were as follows:

* Relatehow AMT characteristics and personal behavior can impact the maintenance process

* ldentify 12 performance factors [“the dirty dozen,” cf., Taylor & Christensen, 1998, pp. 145-6] and their role in the chain of events
leading to maintenance-related errors

*  Develop personal techniques to minimize risk and maximize performance

e Give and receive feedback with coworkers related to personal safety

Company A trained over six thousand employees during atwo and a half year period. It addressed its MRM training exclusively to AMTs
(supervisors and managers account for less than 1% of the total trained in that company). The AMT’ s union and the company’s
management cooperated to initiate the training. Company A’s syllabus emphasized the dangers of complacency, the effects of stress
and fatigue, and communication in its core curriculum. Training took place at the local level with facilitators coming from the ranks
of both AMTs and their first-line supervisors. The training was coordinated and supported by the company's training and education
department.

Likelihood of voluntary change. Enthusiasm was positive immediately following Company A’straining even if some participants hedged alittle
on their interpretation of substantial change. Over sixty percent of Company A’s participants in the post-training survey said there would be a
moderate or large change in their on-the-job behavior (Figure 2 above, shows Company A’s post-training mean score for “ Training will change
my behavior” is 2.69). Although a clear majority believes that the training will affect their actual behavior, thislevel of enthusiasm does not
approach the high ratings -- 80% and 90% (with mean scores of 3.03 and 3.23 respectively)-- reported for the earlier MRM cases (Taylor &

Robertson, 1995; Taylor, Robertson & Choi, 1997).

Specific intentions to change. Figure 26 shows the relative percentages of the specific coded topics. The resultsin Figure 26 show that

the six passive intentions in the first dozen topics (Be thorough, 15%; Aware of safety hazards,11%; Aware of self..., 10%; Situation
awareness, 5%; Better listening, 4%; and Stress management, 4%) total 50%. Active intentions (Interaction, 14%; Communication,
7%; Assertiveness, 6%), also among the first dozen topicsin Figure 26, total only 27%. The code “I'll useit all” isplaced in the

“Other” category, along with most of the remainder of the topicsin Figure 26.
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FIGURE 26 -Company A, Post-training
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The resulting distribution into those four larger categories — featuring “active communication” intentions and the more passive coping behaviors
for comparison — are shownin Table 7.

Table 7 Company A Post-training Behavior

Intentions

(n=4613)

Total Passive Intentions 50%

Total Active Intentions 27%

Other 19%

No Change Intended 4%
100%

Asshown in Table 7, some 27% of Company A AMTS' responses were coded in the active category while 50% were coded in the passive
category.

These post-training resultsin Table 7 are presented in graphic form (in Figure 27) together with Company A’s two and six months
intentions, and the self-reports for actual behaviors used.
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Figure 27

The two-month reports of actual behavior shown in Figure 27 reveals the proportion of “active’ behaviorsis half as great as the post-

training active intentions (13.3% < 27.3%) and the proportion reporting “no change” is more than four times greater than its earlier
counterpart. The proportion of active intentions at two months and six months are similar to one another at about 19.5%, but
substantialy smaller than immediately following training (27.3%). Reports of actually using passive coping behaviors are similar two
and six months after training (52.8% and 47.8%) and they are quite consistent with preceding intentions. Only alittle over a quarter
of Company A’s AMTsinitially intend to actively engage others, and only about half of that number subsequently report behaving
that way.

Thisresult for Company A is substantially lower than earlier MRM programs in active communication. One of the early programs
involved a Maintenance management sample (Taylor & Robertson, 1995). The other wasan AMT sample (Taylor, et. a, 1997).
However, this Company A tendency toward passive coping behaviorsis consistent with the purpose and objectives of their MRM
program. Results of the Chi-Square test show that the variations between active and passive behaviors over time are statistically
significant.

Company D MRM: Distributing MRM training over several months.

Company D adapted its MRM training by dividing two days of training over several months. The first day of training, called “Phase 1,”
isfollowed two to six months later with “Phase 2,” asecond full day of training. Company D created its own MRM training after
reviewing the one-shot training used in earlier programs. The reasons for this adaptation were 1) to avoid overloading maintenance
personnel with information in asingle large session, 2) to provide concepts in the first phase and skills training in the second phase,
and 3) to illustrate by example the importance of recurrent training in its MRM program. The AM T’ s union and the company’s
management cooperated to initiate and design the training. Training materials were inspired by the earlier programs, but the most of
the exercises and cases were created specifically for this application.

Program purpose. Company D’s purpose for MRM, as stated in their participant’s workbook is, “ To provide participants with specific
human factors principles and techniques to help them work more safely.” The definition of MRM, also included in the participant’s
workbook, “...is the process where we work together, using available resources, to reduce errors and to promote safety.” The
statement goes on to say, “MRM addresses human factor errors and problem resolution through open and honest communication
between all maintenance operations personnel, and with the FAA.”

The training topics for the first day
are:

¢ ldentify human factors elements

¢ Recognizethe “dirty dozen” error
causes
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* ldentify the chain of eventsin accidents
e Effective written communication

e ldentify norms

e Establish safety nets

¢ Recognize safety mechanisms

Although the MRM definition quoted above is more active and interpersonal than Company A's, the supporting topics are largely
“awareness’ or conceptual issues --with “written communication” as the “active skill” exception.

At the beginning of the second (Phase 2) training day the definition of MRM isreiterated. The training topics in the participants' workbook
for the second day are asfollows:

¢ Recognize the nature of errors and how they affect participants
»  Focus on how to manage errors

¢ Introducetoolsto usein error reduction

Phase two also places emphasis on “dirty dozen” topics, “lack of assertiveness’ and “lack of awareness’ aswell as situation
awareness. Asin phase 1, these topics for phase 2 training seem more conceptual than behavioral. The module on lack of
assertiveness is, however, focusing on active communication. On the other hand, the main “tool” in the final phase 2 topic list,
situation awareness, is an individual, passive mechanism. Company D’s MRM program appears to be bridging between the Company
A’smodel of individual AMTSs coping with safety hazards and issues, and the interpersonal communication techniques of the original
maintenance safety training (Taylor & Robertson, 1995; Taylor & Patankar, 2000).

By design, phase 2 (the second day of training) is conducted as close as possible to two months after the first one.

The two Company D city stations reported here. The courseis designed for all maintenance employees (including managers and
support staff) and each session is expected to include management and hourly employees from a variety of functions within
maintenance. Initially, the training took placein alarge line station and both phases 1 and 2 were completed there before the program
was moved to two cities containing both base and line maintenance stations. Company D expects that all 8,000 maintenance
employees throughout the system will eventually attend the training.

Phase 1 training for city 2 (the large line maintenance station) was 85 percent completed between January and March 1998 and the remainder (for
atotal of some 500 maintenance employees) was finished in July. City 2's phase 2 training was completed during August and September 1998.
Company D City 's MRM training included both alarge line station and a major heavy maintenance base. City 1 began phase 1
training in September1998 and completed it with about 1,000 maintenance personnel in April 1999. Phase 2 began in city 1 during
June 1999 and was about 50 percent completed by December 1999. A third city (also both alarge line station and a major heavy
maintenance base) began phase 1 training in July 1999 and, with over 900 employees attending, had not yet been completed by
December 1999. Resultsfrom cities 1 and 2 will be used below to illustrate the effects of distributed training and the modified course
purpose and topics.

Likelihood of voluntary change. Enthusiasm for all of Company D is moderate when compared with past MRM experience described for the
earlier cases (cf., Taylor & Robertson, 1995; Taylor, et a., 1997; Taylor & Patankar, 2000). Sixty-eight percent of the participants
following phase 1 said there would be a moderate to large change in their on-the-job behavior. Figure 2 above shows the Company D
post-training mean for “Training will change my behavior is 2.80. Following phase 2, 75% Company D participants said there would
be at least a moderate increase in their at-work activities and the phase 2 mean score is 3.00. This modest increase is encouraging and
statistical tests of this difference are significant. Furthermore, this Phase 2 mean score of 3.0 is commensurate with the successful
early AMT program referred to above (Taylor, et al., 1997).

Attitude changes. Figure 7 in an earlier section shows that immediately following the Phase 1 training, Company D participants
attitudes reveal significant improvement in attitudes toward communication, stress management and assertiveness. Following Phase
two training all three attitudes increased again significantly. Although attitudes toward sharing command responsibility increase
dlightly over thistime, the differences are not statistically significant.
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Opinion changes. Figure 7 also shows Company D participants evaluation of their station’s goal setting and sharing remained
unchanged between phase 1 pre and post-training surveys. However their evaluations of the station’s safety climate decreased
significantly (F=8.29, p<.001) between phases 1 and 2 (Taylor & Patankar, 2000). Field observation at Company D’s city 2 some 60
days after phase 1 training and again four months after phase 2 no resolution. On one hand our field observations revealed that
current ground damage statistics for city 2 and the total maintenance system were readily available to all employees. This
information, in the form of monthly posters, should heighten safety awareness, but that information did not emphasize longer run
trends and it was not always current. Our field interviews did confirm the survey results -- AMTS, leads, and foremen reported that
safety standards and programs seemed to be deteriorating. Apart from their own individual care and awareness, they said, little was
being done to support maintenance safety in the station.

Specific intentions to change. The questions, “how will you use this training on the job?’ and “What changes did you make?’ were included in
the surveys that followed the phased training in Company D. Results from those questions were transformed into the four categories shown in
Table 6 above (p. 46). These data are presently available for city 2 in its entirety aswell asfor first half of the city 1 participants who have

completed phase 2 training.

Figure 28 presents the expected behaviors for both cities at the end of both phase 1 and 2 training. The figure also shows the actual
behaviors reported by participants at the time of the phase 2 training. Although only11.3% in city 2 said they intended to
communicate actively following phase 1, an even smaller 8.2% reported having done so when they returned for phase 2 training. City
one results show consistent proportions (almost 9%) reported for using active communication following phase 2 and what respondents
said they intended immediately following phase 1. Also, that nine percent in city 1 who reported actively communicating is virtually
the same as city 2 who reported having been more active communicators when they returned for phase 2. These resultsin figure 28 do
not favorably compare with the proportions of active to passive intentions found in casesin the first generation of MRM training (cf.,
Taylor & Robertson, 1995; Taylor, et a., 1997). But thetota of behaviors (passive + active) which range between 60% and 80% in
Figure 28 do exceed those same totals for company A (Figure 27). Results of the Chi-Square test for Company D show that the
proportional variations in active and passive behaviors over time are statistically significant.
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Figure 28

Company E MRM: A Single ¥2 Day Training Session For Component Shop Mechanics

Purpose. Company E's MRM program focused on awareness of the ways human factors lead to safe operations. Emphasisis placed on
four of the “dirty dozen” -- lack of communication, complacency, distraction, and pressure -- three of which are primarily personal
issues that can be best managed by the individual. The communication focusis abalance of “listening skills’ and “assertiveness’ --
both passive and active.
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Company E trained over 1,200 employees during a six month period in 1998. It addressed its MRM training exclusively to shop mechanics
(supervisors and managers account for less than 1% of the total trained in that company). The AMT’ s union and the company’s
management cooperated to initiate the training, but the two parties were engaged in heated contract negotiations during the time the
training. Company E’s syllabus emphasized the dangers of time constraints and interrupted (or “broken”) work. Training facilitators
were employees of the company's maintenance training department.

Likelihood of voluntary change. Enthusiasm was positive immediately following the training. Eighty-eight percent of Company E’s participants
in the post-training survey said there would be a moderate or large change in their on-the-job behavior (Figure 2 above, shows that Company
E’s post-training mean score for “ Training will change my behavior” is 3.15). Thislevel of enthusiasm falls within the high mean
scores of 3.03 and 3.23 reported for the earlier MRM cases (Taylor & Robertson, 1995; Taylor, el a., 1997 respectively).

Specific intentions to change. As with companies A and D, the questions “How will you use this training on the job?" and “What changes did
you make?’ were used for Company E. Also as above, the results from those questions were collapsed into active communication and passive
behaviors.

Figure 29 presents the expected behaviors at the end of post-training, and actual self-reports from the two- and six-month follow-up
surveys.

These Company E results for expected and actual behaviors following the training are consistent with that company’ s enthusiasm for change

shown in Figure 3. Only 60% total passive and active changeisintended immediately after the training (“post plan” in Figure 29)..
Furthermore that 60% total is not subsequently exceeded in Company E’s 2-month or 6-month samples. Finally the percentages of
respondents who say that they will not and did not change is very large compared with companies A and D.
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Company F MRM: A Single Two Day Training Session for Line Mechanics

Company F's MRM training program was completed for al of itsline and line-hangar mechanics. The program focused on awareness

and coping mechanisms or safeguards. The purpose of the training model was “To eliminate or reduce the causes of technician
related errors, to enhance safety, and advance professionalism of the technician.” Topical targets included human rolein the chain of
events in accidents, and safety nets for breaking the chain. The five safety nets emphasized human factors aspects of assertiveness,
self-awareness, stress management, enhanced problem solving and decision making.

Company F trained some 135 AMTs and Foremen during a six month period in 1998-1999. Training was designed and conducted by an
external MRM training vendor.
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Likelihood of voluntary change. Enthusiasm was very positive immediately following the training. Eighty percent of Company F's participants
in the post-training survey said there would be a moderate or large change in their on-the-job behavior (Figure 2 above, shows Company F's

post-training mean score for “ Training will change my behavior” is 3.06). A clear majority believes that the training will affect their
actual behavior, which mirrors the high rating -- 80% with mean = 3.03) -- reported for the earliest AMT MRM case (Taylor,

Robertson & Choi, 1997).

Specific intentions to change. The question, “how will you use this training on the job?” was included in the Company F post-training survey.
The questions, “how will you use this training on the job?” and “What changes did you make?’ were included in the 2-month surveys that
followed the training in Company F. The results from those questions were collapsed into active communication and passive behaviors.

Figure 30 presents the expected behaviors at the end of both post-training and two-month follow-up
surveys.
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Figure 30

Figure 30 shows that a sizable 34.7% said they intended to communicate actively following the training, but a smaller 14.6 % reported
having done so when asked in the two-month survey. Respondent intentions expressed in the two month survey are substantially
lower than intentions expressed earlier. Thisratio in figure 30 (generally ranging 15 to 35 % active to 55-65 % passive) is rather less
than the 40 % active to 45 % passive intentions in the earlier programs (Taylor & Robertson, 1995; Taylor, et a., 1997). The tota
passive + active behaviors intended and subsequently reported are all above 80% -- and that is very high for the1998- 1998-1999
samples examined here. Results of the Chi-Square test for Company F show that the differences between intended and realized active and
passive behaviors over time are statistically significant.

TRENDS IN MAINTENANCE SAFETY PERFORMANCE BEFORE AND AFTER THE ONSET OF MRM TRAINING

Company A Safety Performance Trends
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In Company A two measures of Maintenance Department performance have been used. These measures are the frequency of lost time
injuries (LTI), and the frequency of “ground damage” -- maintenance-rel ated aircraft damage incidents -- (“GD”). Both measures are
now available by work unit by month for the five years 1995-1999. The statistics plotted in the following charts 31-33 are average
incident rate of all work units that participated in company A’s MRM training. These monthly performance data are plotted in series
“before,” “during,” and “after” the MRM training. All figures show “before,” “during” and “after-training” linear trend lines
(obtained using the method of “Least Squares’) superimposed over the actual monthly data points. In practical terms the before-
training series for Line Maintenance stations spans the period January 1995 through June 1996. The “during-training” data series for
Line Maintenance runs July 1996 through late 1997. The “after” period for Company A line maintenance is the 24 months of 1998-
1999. Because Base Maintenance didn’t begin its MRM training until later, the “before” series for that group runs through March
1997. “During training” period runs from March 1997 through mid 1998 and the “ after period” for base maintenance coversthe 18

months to the end of 1999.

FIGURE 31
Five Years of Company A Line Maintenance
Aircraft Ground Damage (n=42 stations)
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Figures 31 and 32 show the trends for aircraft ground damage and occupational injuries for line maintenance performance. Figures 33
and 33a shows similar trends for occupational injuries for base maintenance.

FIGURE 32
Five Years of Company A Line Maintenance
Lost Time Injuries (n=42 stations)

0.4

0.35 i

0.3 :
J

i
0.25 ..' '. S
02 Z{_H,Lp&#.u_.t e n Ly .

[ REYLAE AT ) kW
1
]

0. EIS
553 & & & sa“’ 9?’
,}ra. éfg: B'b ,:Jg‘.q 5'} Q;'F"QQI 3'?:- &éﬁ '}'?:- vﬂ ,;JGQ

|—¢—Eieﬂ:|re MR Trng — - - During MEM Trng - -k - After MEM Trng |

Mean LTI per Station

Figure 32


http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=namedpopup&iid=607cc687.1bc10c5d.0.0&nid=2210
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=7363#JD_PH10TaylorFigure31
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=7365#JD_PH10TaylorFigure32
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=7369#JD_PH10TaylorFigure33
http://localhost/HFAMI/lpext.dll?f=FifLink&t=document-frame.htm&l=jump&iid=607cc687.1bc10c5d.0.0&nid=736b#JD_PH10TaylorFigure33A

Line maintenance results. Clear from the trends in Figure 31 and 32 is that a dramatic improvement occurs for the line stations taken
together. Furthermore, thisimprovement occurs directly after the onset of the MRM program and its rate of change continuesin the

two years following the completion of the MRM training. This strongly suggests that the “awareness’ program works through its
effect on individual actions over a substantial period of time— at least in this company’ s line maintenance organization.

Base maintenance results. In the previous milestone report from this research project (Taylor,1998), the performance trends for 1995 through
1997 for Company A were also promising. However, at least for base maintenance AMTs who hadn’t yet completed their MRM training,
more time would be necessary to observe performance. Now the Base Maintenance has concluded its MRM program, and for those
units that participated, the effects are also encouraging.

FIGURE 33
Five Years of Company A Heavy Maintehance
Lost Time Injuries (=40 units)
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Figure 33 shows that the trend for Co. A lost time injuries remains low during the period of base maintenance MRM training and that
the trend falls gradually in the 15 months after the training was concluded. However, because of the sharply downward trend before
the training began we must question whether the lower rates during training and after are a continuation of some previous program to
lessen injuriesin the hangars or are the result of the MRM training.
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Figure 33A shows areduction in Co. A Base maintenance aircraft damage incidents during the time of their MRM training, but a
dlight increase in the months since. There are no data available to explain this reversion.

Company D Error Performance Trends

Company D have reports of aircraft ground damage data since 1996 and paperwork/document errors since 1992. The following figures (34-36)
are arranged similar to figures 31, 32, and 33 for company A. Unlike the datafor company A, company D’s ground damage (GD)
data are weighted for flight departures (a measure of station activity and work volume).

Line maintenance Ground Damage. Figure 34 shows four years (1996-1999) of aircraft damage incidents charged to city D-2
maintenance, compared with all line stations (n=45). The overal pattern of ground damage incidents for all company D line stations
in the system remains steady with aflat trend line during this four year period. The results for city D-2, however, show a dightly
increasing incident rate before the MRM training began. That trend reverses following the phase 1 training and it continues
downward for 16 months after the second training phase concluded. After thefirst initial months after the MRM program began
there, city 2's GD incidents increase coincident with those of the larger system. Thisis further evidence that city 2’ sresults are as
good or better than company D’ s total maintenance system after their MRM program began.

FIGURE 34 - Company D City 2 (D2)
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Thisimprovement in safety results shown in Figure 34 is further evidence for the effect that MRM awareness instruction can have on
maintenance performance. Thisis supported by the evidence for sustained enthusiasm to change behavior described above for Co D,
Phase 2, (Figure 2). Thissustained effect isreinforced in Figure 34 in the period following more than a year from the completion of
thetraining. It seem clear that the distributed, two-phase training program devel oped by Company D may avoid some of the
frustration and anger caused by a perceived lack of support by their managers and co-workers to improve the safety climate (Taylor,
1998).

Base maintenance ground damage. City 1 in company D is both a heavy maintenance base and alarge line station. Theinitial ground damage
results for city D-1 are portrayed in Figure 35 above. They track asimilar level of incidents as the total system before the onset of the

MRM training. During January to April 1998 (their period of MRM training), the city 1 month-by-month results track the same

“gpikes’ asthetotal system results (representing bad weather and high traffic volume). Despite a clear downward trend in the months
after the training, city 1's GD results fluctuate and there are several “ spikes’ above the system’stotal. No additional data are

available to explain the increased variation in ground damage incidents for Company D’s City 1 beginning in May 1998.
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FIGURE 35 -Company D City 1 (D -1)
Ground Damage & MRM Training
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Figure 35

In aprevious report (Taylor, 1998) Company D’s errors for logbooks only were reported as low and stable. Since 1997 Company D’ s logbook
error records have radically changed, consistent with substantial changesin their logbook entry system. Asaresult it isno longer possible to
track and compare logbook errors separately from total errors.

Line maintenance document errors. For Company D, reducing maintenance paperwork errors has been a priority factor leading to improved
safety since 1992 (Taylor, 1994). Barring afew |lapses since 1992, company D has collected document error performance data on a monthly
basis. The combined total of errors per line station per month has been analyzed through mid 1997 and reported in previous reports (cf., Taylor,
1994, 1998). Company D’s MRM training program includes several modules on written communication and the importance of correctly
completing job cards, written turnovers, and other work documents. Figure 10 presents the per-month results of total document errors

for the 36 months 1997-1999. Figure 36 plots both the line system total and the performance for city 2 (D-2) for this measure.

FIGURE 36 - Company D Line Maintenance
Total Document Errors: City 2 Compared to System
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After mid 1997 Figure 36 clearly shows the system’srate for total document errors drops through a plateau and remains stable and
low (lessthan 2 errors per 1,000 flights) for 1998-1999. The 1997 pre-MRM performance for city 2 is substantially below total
system performance, but it fluctuates during the period of MRM training and appears to settle back into an error rate somewhat above

it'simmediate pre-training level. These results might be explained by a coincidentally increased diligence of the clerical auditors, but
thereis no record of a*“ crackdown™ during that period.

TESTING RELATIONSHIPS BETWEEN ATTITUDES AND PERFORMANCE

A most important result is whether the attitudes and opinions affected by the MRM training are, in turn, a cause of subsequent and expected
performance outcomes. Correlating the safety performance of maintenance work units with the attitudes of their members can test this effect.

The results for line and base maintenance work groups are cal culated and presented separately. To accomplish this for Company A the
performance results are available for a sizable number of work units over alarge number of months. Attitudes and opinions of company A’'s
work unit members are combined into the larger group’ s average scores in order to have commensurate units of analysis. Table 8 contains the
correlations for lost time injuries (LT1) and Table 9 shows the correlations for aircraft ground damage (GD).

Company D does not have alarge enough number of maintenance work units' performance data available (only two city stations at present) to be
able to conduct this correlation analysis at thistime.

The correlation statistics used in the present analysis. The relationships between the attitude indices and the performance measures, as presented
in Tables 8 and 9 below, were calculated using the Spearman Rank Order Correlation statistic (“Rho”). The use of Rho is advisablein this case

because the characteristics of small data sets (i.e., smaler than n=30) narrow the analytic power of most other statistical tests. Thisanalysisis
treated as descriptive, not predictive, thus 2-tailed tests of significance are used.

In order to simplify the analysis the 60 months of Lost Time Injury (LTI), and Aircraft Ground Damage (GD) performance data were clustered
into six month groups and average scores were calculated. Thus average safety performance scores were created for the ten periods. January-
June 1995, July-December 1995 and so on through December 1999. These ten performance periods were correlated with the six MRM attitude
and opinion scales (cf., Table 3), averaged by AMT work units, from the pre-training and post-training surveys, as well as from the 2 month and
6 month “follow-up” surveys.

The results of the two performance measures, LTI and GD, are “improving” when they decline numerically (i.e., the absence or lowering
of occupational injuries and/or ground damage incidents). To keep the presentation of findings consistent all resultsin Tables 8 and 9

are described as negative coefficients when the correlations are in the expected direction (i.e., favorable attitudes equal better
subsequent performance). Predictions about the effects of prior performance on subsequent attitudes were not made.

The previous report for 1996-1997 reported that neither the pre-training attitudes nor the immediate post-training attitudes were significantly
correlated with safety performance before or after the onset of training (Taylor, 1998). Analyses of the present data confirm that lack of
significance once again. The two-month and six-month follow-up surveys showed a number of interesting and expected correlations with both
safety measures. With the increased data set presently available, the results for six-month follow-up survey are shown to have the strongest effect
on subsequent safety performance. To simplify the present discussion of the overall correlations analysis only the correlation coefficients using
the six-month follow-up survey, are presented in Tables 8 and 9 for further discussion here. Tables 8 and 9 each compare the line and base

maintenance results for LTI and GD respectively. The correlations with the 2-month follow-up surveys are included in Appendix C.

Each of the tables 8a and 8b and 9a and 9b present the correlations between the six month follow-up attitudes and opinions and two measures of
safety performance for line and base maintenance stations respectively. For line stations, over 75% of those surveys were completed between mid
1997 and mid 1998. Those two six month periods are shown shaded. The line maintenance unit performance datain each of the two Tables range
from 30 months before the completion of most of the six-month surveys, to 18 months after their collection. For base maintenance units, over
75% of those surveys were completed during 1998. Those two six month periods of 1998 are shown shaded for the base maintenance correlations
in each table. The base maintenance unit performance data in the two Tables range from three years before the compl etion of most of their six-
month surveys, to one year after their collection. The number of work units (“n”) in each column for line and base maintenance differ fromn’sin
Table 'Y above, due to missing datain the survey or in the performance data for the six month period shown.

Line and Base Maintenance Relationships With Lost Time Injuries
(LTI).
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Line maintenance LTI results. For the four attitude scales only afew (5 of 40 possible, or 12.5%) statistically significant line
maintenance correlations are found in Table 8a — and they are in both positive and negative directions and in random pattern. On the
other hand, with the two opinion scales, six significant correlations following the survey are to be seen. This result means that the
higher the line mechanics evaluated goal sharing and safety practice in their units six months after their MRM training, the lower the
incidence of LTI in those unitsin the 18 months thereafter. These results suggest “if we share goals and experience aresponsive
safety practice, our future injuries rates will be lower.” Some three periods of LTI data prior to the six month survey are also
significantly correlated (for atotal of 9 of 20 significant correlations possible, or 45%), and all coefficients for the two opinion scales
are in the expected (negative) direction.

TABLE 8a - Correlations Between LOST TIME INJURIES (LTIl) and MRM Attitudes & Opinions
Spearman Rank Order Coefficients (rho) Between Company A Attitude & Opinion Scales' 6mo Follow-up Surveys,
and Lost Time Injuries (corrected for # of employees) for Line Stations Only
Jan- July-Dec | Jan-June | July-Dec |Jan-June | July-Nov | Jan-June | July-Dec |Jan-June | July-Dec
June '95 '95 '96 '96 '97 '97 '98 '98 '99 '99
n=24 n=24 n=25 units | n=25 units |n=25 units| n=25 units | n=24 units | n=25 units |n=26 units |n=26 units
units units
Share 25 .30 .07 .06 .18 .16 .02 5Q** -.01 A9**
Command
Responsibility
Communication | -31 -.61** .10 .02 .30 -.22 .04 10 .06 .26
and
Coordination
Manage Stress -.05 -.14 -.13 -.08 .22 -.07 -.18 .25 .02 40*
Effects
Assertiveness -.14 14 37* 31 .28 .07 .21 .28 27 .30
Goal Sharing -.21 -.38* -31 -.30 .16 -.31 .07 -.51** -.34* -.46**
Safety Practice | -.33 -.22 -.38* -41* .20 -.14 .05 -.44* -.34* -.42*
*sig .05, 1-tail
**sig .01, 1-tail
Shaded columns represent survey period

Base maintenance LTI results. Table 8b showsthat only 2 of the 60 correlations between attitudes and opinions and LTI for base

maintenance are statistically significant. Thisis 3% of the total possible, which isasmaller proportion of significant correlations than
the 5% expected by chance alone. We cannot conclude that any Base maintenance attitude is consistently related to subsequent LTI.

TABLE 8b - Correlations Between LOST TIME INJURIES (LTI) and MRM Attitudes & Opinions

Spearman Rank Order Coefficients (rho) Between Company A Attitude & Opinion Scales' 6mo Follow-up Surveys,
and Lost Time Injuries (corrected for # of employees) for Base maintenance Only

Jan-June | July-Dec |Jan-June '96|July-Dec '96 | Jan-June |July-Nov '97 JJan-June '98| July-Dec '98 | Jan-June | July-Dec
'95 '95 '97 '99 '99

n=23 units| n=23 units | n=24 units | N=24 units | Nn=25 units | Nn=25 units | n=22 units | N=22 units | Nn=27 units | Nn=27 units

Share 10 -.39* 14 -13 -.09 01 33 12 -13 19
Command

Responsibility
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Communication .22 -.34 -.14 A1 -.02 .25 -.14 -.29 .07 .02
and
Coordination
Manage Stress .22 -.15 -.08 .01 =27 -.31 -.09 -.15 -.29 .39*
Effects
Assertiveness 21 -.34 .00 -.31 -.16 .15 A1 .04 -11 -.22
Goal Sharing .23 .02 -.10 -.30 .02 .01 -.28 .08 .08 -.19
Safety Practice | -.01 -.06 .00 -.26 -.01 .03 .02 A2 .01 A1
*sig .05, 1-tail
**sig .01, 1-tail
Shaded columns represent survey period

Tables 9a and 9b present the correlations between the six month follow-up attitudes and opinions and performance for line and base
maintenance stations .

Line and Base Maintenance Relationships With Aircraft Ground Damage
(GD).

Line maintenance GD results. Table 9a shows that for the four attitude scales, eight correlations with ground damage (8 of 40 possible,
or 20%) were statistically significant, but three of them were not in the expected direction. Specifically the two scales dealing with
assertiveness and autonomy account for those positive correlations. The stress management scale however shows three periodsin
which lower GD incidents are correlated with it — two of which precede the survey measurement and one is coincident with it.

TABLE 9a - Correlations Between AIRCRAFT GROUND DAMAGE (GD) and MRM
Attitudes
Spearman Rank Order Coefficients (rho) Between Company A Attitude Scales' 6mo Follow-up Surveys, and
Aircraft Ground Damage (Corrected for # of Employees) for Line Stations Only
Jan- July-Dec |Jan-June | July-Dec Jan-June | July-Nov | Jan-June | July-Dec |Jan-June | July-Dec
June '95 ‘95 '96 '96 '97 '97 '98 '98 '99 '99
n=25 n=25 units |n=25 units| n=25 units | n-24 units |n=24 units| n=25 units | n=25 units |n=25 units |n=25 units
units
Share .20 .01 A2* 11 25 AT .19 .26 12 .08
Command
Responsibility
Communication | -.30 -.10 .08 -.26 -.20 -.52** -.05 -.21 -.22 -.03
and
Coordination
Manage Stress .00 -.45*% -.42*% .05 -.24 -.46* -.20 -.26 .05 -.02
Effects
Assertiveness .19 .02 .20 .18 37* A41* 31 .16 .26 .08
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Goal Sharing -.22 -.02 .28 -.07 -.17 -.37* -.08 -.21 -.04 .13
Safety Practice | -.37* -.07 .33 -.13 -.19 -.22 -.14 -.13 .00 -.04
*sig .05, 1-tail
**sig .01, 1-tail

Shaded columns represent survey period

Base maintenance GD results. It will be noted in Table 9b that correlation coefficients are absent for two periods in the base maintenance portion
of table 9 (the last half years of both 1995 and 1997). Thislack of correlations involving damage rate for base maintenance is explained by (the
admittedly happy circumstance of) the zero damage rate (and thus zero variance for calculating correlations) for al base maintenance during
those two periods. The four significant correlations (of 48 possible, or 8%) in that base maintenance table are all in the expected direction and
are all with the “communication” attitude scale. Furthermore, one of these correlations is coincident with the base maintenance six-month survey
and two of them are subsequent to it. This pattern is strong and regular — it suggests that the more value that is placed on meetings and briefings
and other communication, six months after training, the better is ground damage performance in the following year.

TABLE 9b - Correlations Between AIRCRAFT GROUND DAMAGE (GD) and MRM
Attitudes
Jan- July-Dec |Jan-June | July-Dec Jan-June | July-Nov | Jan-June | July-Dec |Jan-June | July-Dec
June '95 '95 '96 '96 '97 '97 '98 '98 '99 '99
n=25 n=25 units |n=25 units| n=25 units | n=25 units |n=25 units | n=22 units | =22 units |n=25 units |n=25 units
units
Share -.07 - .05 -.08 05 - .00 .08 -.07 -.07
Command
Responsibility
Communication | - 50** - .10 =11 .10 - -.44* .10 -.49%* -.49%*
and
Coordination
Manage Stress -.05 - .05 -.06 .05 - -.13 .13 -.05 -.05
Effects
Assertiveness .26 - .09 .09 .09 - 21 .10 .26 .26
Goal Sharing -.18 - .04 .07 .04 - -.07 -.24 -.18 -.18
Safety Practice .00 - -.13 -.01 -.13 - A3 -11 -.01 -.01
*sig .05, 1-tail
**sig .01, 1-tail
Shaded columns represent survey period

Discussion

Correlations with Performance Changes. Company A’s line maintenance MRM attitudes are no longer seen in these data as major or consistent
correlates of subsequent line maintenance safety performance. Where the line mechanics' survey results following MRM training are correlated
with enhanced performance it is with their positive evaluation (opinions) of management practices. In particular, positive opinions of present
safety practice and goal setting practices, some six months after training, are associated with subsequent improvements in their lost time injury
rates. Their attitudes toward stress management — formerly found to be correlated with lower subsequent ground damage incidents — now lag
behind the positive safety performance and do not precede or predict lower ground damage in 1998-1999.
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For Base maintenance, attitudes toward communication are correlated with subsequent ground damage. This suggests the positive effect of
management communication evident in some Company A heavy maintenance bases since 1997. No similar pattern of consistent correlationsis
seen for lost time injuries for Company A’ s base maintenance sample.

The Role of Stress Management in Safety | mprovement

Understanding and acceptance of stress management is clearly a bonafide result of MRM training for al the companies measured here (cf.,
Figures4 and 7). Stress management isatopic MRM training programs all include and respondent attitude changes show that it
“takes.” In Company A the pre-training and post-training training comparisons clearly show the MRM program’ s statistically significant
impact on feelings about managing stress (Figure 7). Those heightened post-training feelings fall back very little in the months following
training and the differences are statistically non-significant (Figures 7 and 10). Despite this widespread effect on attitude change resulting from
the training, few Company A AMT respondents specifically state that they will subsequently apply the lessons learned about stress
management (Table 4; Figures 16, 17, 26).

The 1997 correlations of GD with six month surveys (Table 9) show convergence with the two month survey data reported in the last
milestone report (Taylor, 1998). Whereas the earlier results showed the attitudes were coincident or prior to the safety performance,
the present results show those 1997 performance results are correlated with subsequent attitudes. The increase in appreciation of stress
management six months after training (Table 9) followed low rates of aircraft damage prior to that survey. Stress management is
primarily a passive coping activity and its improvement following the training and its relationship to safety performance
improvements is entirely consistent with company A’s MRM purpose. For base maintenance nothing measured in the six month
follow-up MRM/TOQ seems associated with LTI, but favorable attitudes toward communication are related to subsequent
improvement in the incidence of aircraft damage.

Stress management is an activity that maintenance personnel can do by themselves and which does not require the involvement of others
(although cooperation may benefit all partiesin thisregard). The training helps Company A mechanics and their Leads improve their individual
attitudes about stress and its management.

Despite finding early success in applying stress management awareness to subsequent safety (Taylor, 1998); now, with nearly two years
experience following MRM training in Company A, any quantitative effect of stress management attitudes on safety improvementsis nearly non
existent. Although Table 9 shows that there does seem to be some effect of reduced ground damage incidents on coincident and subsequent
feeling about stress management, but there is no correlative evidence that the effect goes the other way around.

The Role of Safety Awareness in Safety | mprovement

Information reported in the open ended questions and field interviews shows that many respondents intend to — and actually do — perform more
carefully and self-consciously in the months following MRM training. Table 4 also shows being “more careful” as aresult of thetraining is
frequently mentioned as intention or accomplished fact in the maintenance line stations we observed. Asit does so, “being careful” appears also
to lead to improved safety (Table 8). But this continued emphasis on working alone may be placing AMTs in the position of not knowing
whether or how much the MRM program is working, or whether other people actually value the lessons of the training as they did. This
uncertainty may lead to frustration.

An unplanned liability of the individual change model

Itisironic -- given the apparent success of Company A’s MRM program as expressed in long-term safety outcomes and the direct relationships
with several of the survey measures — that mechanic’ s enthusiasm for the program turned from positive to negative. The questionnaire and
interview data above (Table 4; Figures 2 and 3) and earlier (Taylor, 1998) examining the attitudes and opinions of line maintenance employeesin
the months following their MRM training show the apparent frustration and anger these individuals voiced. They expected more support by their
managers and co-workersin fulfilling the promise of the MRM program to improve communication and collaboration (Taylor, 1998).
Subsequent interviews and observations in one of Company A’s repair hangars did not confirm this “backlash” exists— at least in that part of
heavy maintenance.

This individual-based awareness training, with its emphasis on building individual’ s coping skills, appearsto give AMTs little subsequent
information about whether or how much the MRM program is working, or whether other people value the lessons of the training like they

themselves do. Months after the training many AMTs reported still being careful, fighting complacency, and managing their own stress levels.
But many aso didn’t think the MRM program would be very useful in the future (Taylor & Christensen, 1998, pp. 152-160). Many said they
didn’t know or couldn’t tell if others were using the lessons learned from the training — they rarely talked about MRM informally and were
typically not encouraged to do so by their leaders.

The Role of Communication in Safety |mprovement
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Open communication is an idea at the heart of MRM programs and of the Crew Resource Management Training Programs which preceded and
inspired it. Due to both theindividual characteristics of those who choose to become airline mechanics (Taylor & Christensen, 1998, Chapter 2),
and the occupational culture they are further shaped by (Taylor, 1999), poor communication has proven to be a difficult behavior to change and
improve.

Some airline companies have long held pre-shift meeting and briefings in maintenance (Taylor, 1991) to communicate mission and work goals,
aswell as progress and changes in work flow and priorities. Success follows where such meetings commonly and consistently emphasize some
work goal —whether it be error reduction (Taylor & Christensen, 1998, pp.112-113), or increased production (Taylor & Christensen, 1998,
pp.135-137).

In thisregard, Table 4 above shows intentions and actual reports for the Heavy Maintenance station which included communication and
interaction in arelatively high proportion when compared with the other (Line Maintenance) sites. The shift briefings and management climate
at that Heavy Base could well explain the high correlations between favorabl e attitudes toward Communication & Coordination and subsequent
improvements in aircraft ground damage (Table 9).

MRM RETURN ON INVESTMENT (ROI)2

Maintenance Resource Management programs have various effects on operations and safety in the aviation industry. Thereisample
demonstration of the effect of employee awareness and enthusiasm for safety issues on reduction in personal injuries and aircraft ground damage
incidents (Taylor & Patankar, 2000). Behavior training programs at some corporate aviation departments have shown an increase in the pilot-
technician communication, improvements in technical support from third-party service providers, and better cooperation with the local FSDO
(Patankar & Taylor, 1999). Although no single return-on-investment (ROI) formulawill apply to all possible configurations of MRM programs,
ageneral model of calculating the ROI has been developed and presented (Taylor, 2000a). This model uses the correlations between safety
performance indicators and the MRM/TOQ measures following classroom instruction to account for realistic contributions to success while
giving due consideration to other safety effortsin progress simultaneously. Given that MRM programs could be configured to achieve avariety
of results, Patankar and& Taylor (2000) recommend that the MRM program managers identify specific targets during the planning stages so that
they will have more realistic means of evaluating the effectively of their programs.

Absence of accidents does not equate to presence of safety, at least not safety by design. However, the cost of safety programsis often regarded
as an expense without specific measurable returns. When maintenance managers have limited financial or technical resources and are under
strong operating pressures, there may be pressures to reduce safety programs. Under these circumstances or when airlines have conducted large-
scale safety training, but not measured its financial benefits, the airline management may demand return-on-investment analyses of safety
programs. Patankar and Taylor (2000) have introduced the concept of “targeted MRM programs.” This concept acknowledges that MRM
training could be tailored in severa different ways and therefore would result in avariety of benefits. If the goals of the training were identified
and set astargets, appropriate ROl measurement techniques could be applied.

Return On Investment. Profits are derived from earnings. The rate at which earnings grow is afunction of the company’s return on investment:
net income as a percentage of investment costs. Although ROI competes with other financia indicators (e.g., return on equity, return on assets)
for an executive' s attention, it is the longest lived and most robust of the evaluation tools for management decisions. Evaluating the benefits of
training has been long admired, but little practiced (Kirkpatrick, 1975; Phillips, 1997). Evaluating the effects of specific change effortslike
MRM s likewise underdeveloped. Training and other MRM interventions, especially for safety improvement, are rarely treated as investments
and are usually just considered necessary costs of doing business or worse yet, expendable activities. Little wonder then that converting MRM
benefits into a standardized and comparable format, such as “return on investment,” is so little in evidence and has only lately been discussed and
understood within the training and organizational effectiveness community.

Costs and benefits. Assessment of costs and benefit mark an important step in measuring ROI . It is essential that true and accurate costs of any
“organization effectiveness’ (OE) intervention (whether training, or structure/process, or a combination) be specified and calculated. Likewise,
calculating the cash benefits resulting from an OE intervention isimportant. Rules for listing, collecting and cal culating those costs and benefits
can be found elsewhere (cf., Phillips, 1997). Where cost or benefit data are available alone, they are too often presented as evidence that an
intervention was a success — “it camein below budget” (low cost) or “it saved (or produced) a substantial amount of cash” (high cash benefit).
Most managers and executives familiar with financial analysis would consider such direct statements to be without reference and therefore
without much meaningful information for decision making. When both cost and benefit data are available they are also, and al too frequently,
combined by placing them in direct comparison with one another —in the familiar “cost-benefit differences’ or “ cost-benefit ratios.” These
combinations cannot correspond with other efforts to justify the economic success of an intervention, nor are they a standardized measure to be
understood in implied comparison with other results. These benefit (-) cost “differences,” or benefit (+) cost “ratios,” cannot be considered
effective outcome measures by themselves because the actual practical