Do Job Aids Help Incident Investigation?
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A previous study established that investigators only collect a fraction of the available facts, and further select facts for their reports.  The current study was designed to measure the effectiveness of job aids in improving the thoroughness of investigations of incidents in aviation maintenance. The methodology involved having participants investigate a known incident scenario by asking the experimenter for facts, as they would in their normal investigation routine.  The two job aids used were the Maintenance Error Decision Aid (MEDA) developed by Boeing and the Five Principles of Causation (Marx and Watson, 2001).  Both are used extensively in aviation maintenance. We tested a total of 15 experienced users of the two job aids, where the investigators were provided with the job aid they had been trained to use.  Eleven of the 15 participants used their job aids during the investigation but four did not. The results showed a significant improvement in investigation performance when the job aids were actually used.  

Introduction

Aviation Accident Investigation has been recognized by most countries as a necessary component of aviation safety. Many countries and many military services having an equivalent of the National Transportation Safety Board (NTSB) charged with determining the causes of accidents and incidents so that preventive measures can be implemented.  


The genesis of the current project lies in the work of Marx (1998a) who studied the causation of accidents using classical attribution theory.  He found that people in aviation maintenance have certain consistencies in attribution of incidents, and proposed a set of causation conditions based on these consistencies.  However, our point of departure from his work was our assertion that the investigation process itself is an active rather than a passive task, and depends intimately on human cognition.  Thus, an investigator must actively choose what lines of investigation to pursue, and when to stop following each causal chain.  These decisions are likely to be influenced in a dynamic manner by the number and sequence of facts discovered, as well as by any biases or prejudices of the investigator.  Hence, a study of attribution of causes and blame needs to be paralleled by a study of what set of facts an investigator discovers, and what sequence is used to discover them.

Earlier we (Drury, Wenner and Kritkausky, 1999) developed an incident investigation methodology for understanding how aviation personnel investigate maintenance incidents.  The methodology has professional participants investigate incident scenarios. This methodology was originally developed by Woodcock and Smiley (1999) for analyzing how industrial accident investigators performed their task.  Each scenario consists of a relatively exhaustive listing of facts pertaining to the incident.  The facts are initially unknown to participants whose task is to elicit facts from the experimenter until they are satisfied that they have satisfactorily investigated the incident.  At that point they provide the experimenter with a synopsis of the incident in their own words.  Their success is judged primarily by their depth, i.e. the number and type of facts they elicit and the number and type of facts they choose to include in the synopsis.  Earlier, we found that overall only about 32 of the available set of facts (out of a maximum of 40-115 facts) were requested by participants.  Of this total requested, only about 9 appeared in the participants’ synopsis of the incident.  There were differences in total facts requested between personnel job types, mainly as a result of including a sample on non-airline professional accident investigators, who found about 20% more facts than AMTs, managers or Quality Assurance (QA) investigators.

In the current study we were specifically concerned with the use of investigative tools to determine how they affect (hopefully improve) the depth of the investigation.  Within the aviation maintenance domain, a number of incident investigation methodologies are currently in use.  Perhaps the earliest was Boeing’s Maintenance Error Decision Aid (MEDA) described more fully below.  One of MEDA’s developers (D. Marx) went on to produce the Aurora Mishap Management System (Marx, 1998b) that expands the concepts introduced in MEDA.  Marx then produced a tool that is more an aid to logical reasoning and analysis than a methodology for investigation, the Five Rules of Causation, again described below.  

The literature on incident investigation (Ferry, 1981; Rasmussen, 1990) (typically sees it as a four-phase process. An initial Trigger starts the process, which then has a Data Collection phase, followed by a Data Analysis phase, and the process is completed with a Reporting phase. On the basis of our earlier results we have developed a more realistic descriptive model (Figure 1) of how people actually investigate incidents.  The Data Collection and Analysis phases could not be separated in our study, and indeed it is doubtful whether they ever can be in practice.  Initial hypotheses are formed, data is collected to test these hypotheses and new analyses performed based on the outcome, in an iterative process.  After the trigger stage is the exploration of the boundaries of the system under study.  This is primarily a temporal exploration, as the spatial boundaries are largely implicit, e.g. the hangar or the departure gate.  In this Boundary Stage the investigator extends the information from the Trigger to help structure the rest of the data collection and analysis, so that in one sense this stage provides a logical bridge to the Sequence Stage.  

Investigation Job Aids 

MEDA: The MEDA investigation consists of an interview with the mechanic(s), who made the error, to understand the contributing factors.  A decision is then made by management as to which contributing factors will be improved to reduce future errors.  Central to the MEDA process are the MEDA Results Form, and the MEDA Users' Guide (Boeing, 1997).  The MEDA Results Form has six sections, moving the investigator from the background information on the incident in a logical manner towards error prevention strategies.  Note that a single-incident may trigger more than one MEDA Results Form if more than one error contributed to the incident.  MEDA's sections are:

Section I.  General Information.  Background data such as date, time and aircraft details.

Section II.  Event.  A classification of the event outcome (e.g. operations process event, aircraft damage event, personal injury) plus a short narrative event description.

Section III.  Maintenance Error.  A classification of the error (e.g. Installation error, servicing error) plus a short narrative description of the error.

Section IV.  Contributing Factors Checklist.  Here, a large number of contributing factors under 11 categories (e.g. Information, Job/Task, Individual Factors, Environment) are listed exhaustingly.  The investigator checks each factor and provides a short narrative description pertinent to the factor.

Section V.  Error Prevention Strategies.  This section examines the barriers that were breached for the error to have propagated (e.g. Maintenance Policies, Inspection).  From these, a list of recommended error prevention strategies is generated, with each keyed to specific contributing factors from Section IV.

Section VI.  Summary.  A narrative summary of the event, error and contributing factors is required.
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Figure 1.  Model of Aviation Incident Investigation

MEDA was developed by Boeing in conjunction with several airlines, labor unions and the FAA.  It is the most widely used aviation maintenance incident investigation tool, with Rankin (2000) reporting implementation in over 120 organizations, and active use by two-thirds of these.  One airline reported decreasing flight departure delays due to mechanical problems by 16%, while another reduced operationally significant events by 48% over two years after implementing MEDA.  

Five Rules of Causation: The causation system pioneered by Marx (e.g. Marx and Watson, 2001) was developed to fill a need in incident reporting systems, and particularly the recommendations coming from existing systems.  This system is intended to increase the rigor of deriving recommendations from incident data.  Note that the Five Rules of Causation were never intended as an investigative job aid, only to assist with making recommendations based on the investigation.  


Based on attribution theory (Fiske and Taylor, 1984) and a data collection involving participants who derived attributions from scenario data, Marx originally developed seven causation rules which have since been truncated to five rules and taught extensively to airlines, the armed forces and medical practitioners:

1. Causal statements must clearly show the “cause and effect” relationship.

2. Negative descriptors (such as poorly or inadequate) may not be used in causal statements.

3. Each human error must have a preceding cause.

4. Each procedural deviation must have a preceding cause.

5. Failure to act is only causal when there is a pre-existing duty to act.

Methodology

Incident Scenarios: The three scenarios from previous studies were used.  Each incorporated 50-120 facts, classified by Fact Type into Task, Operator, Machine, Environment and Social (see Drury and Brill, 1983).

Participants: We recruited fifteen participants who actually conduct maintenance accidents/incidents investigations at work. Their average experience as an investigator was about 4 years, and they had investigated on average about 16 cases in the previous year. 

Experimental Design: Each participant was tested on a single scenario, with the order randomized across participants. The participants made quite different uses of the job aids we provided.  At the first two sites, participants used the job aids extensively, while at the third site they did not refer to the job aids.

Interview Protocol: The data collection was in interview format, where the participants asked questions which were answered by the experimenter.  The job aids were laid out in front of the participants. In addition, participants were given a pad and pencil to record facts if they desired.  The incident trigger paragraph was given to the participant. At this point, the participant was prompted to ask questions of the experimenter, just as they would ask the same questions of personnel in the incident.  The experimenter answered the participant’s questions from the data sheets developed for each scenario.  When the participants declared that they would stop the investigation, they were asked to provide a verbal synopsis of the incident, as they would in writing a report. They were asked to list the contributing factors in their synopsis. 

Analysis Methods: Analysis of the audiotape allowed a separation of the two parts of each interview:  the data collection stage and report stage where a synopsis was given.  The number of facts requested for each scenario was the primary measure of data collected. From a transcript of the participant’s report, the total number of synopsis facts was measured.  The ANOVA model used was a 3 (Sites) X 3 (scenarios) X 5 (Fact Type) fixed effects model with participants nested under groups. Subsidiary variables such as years of experience, organization, human factors training etc. could be treated as covariates.  

Results

Three different styles of using the job aids were observed. These observations were not analyzed further, but are used later as a partial explanation of some of the results we found.
Style 1. Job Aid as Checklist.  Two participants in the MEDA group relied on the job aids extensively. For example, they went through each item on the MEDA Results Form in more or less the given order, and asked relevant questions based on those items. They quoted the phrases or read aloud the contents in the form. 

Style 2. Job Aid as Back Up.  Three MEDA investigators and three Five Rules investigators were observed to first conduct their own investigation independently of the job aid, taking extensive notes. At a certain point of the investigation, when they had apparently asked all the questions they could, these investigators started referring to the job aids. 

Style 3. Job Aid Rarely Used.  One MEDA and three Five Rules investigators conducted the investigations completely independent of using the job aids. They structured their own investigation while taking extensive notes. 


Analyses of Variance (ANOVAs) of Number of Facts Requested and Number of Facts Requested in Synopsis were performed.  First, a correlation analysis was performed of all of the demographic and performance variables for each participant.  The correlation between Number of Incidents Investigated in the previous year and Number of Facts Requested was 0.645 (p = 0.009).  Number of Incidents Investigated was thus used as a covariate in our analyses, making these Analyses of Covariance (ANCOVAs).


For Number of Facts Requested, the covariate was marginally insignificant (F(1, 27) = 4.10, p = 0.052) but was significant for Percentage of Facts Requested (F(1, 29) = 4.27, p = 0.047) and so is included in these results.  There was a significant effect of Fact Type (F(4, 29) = 15.91, p < 0.001) and a significant interaction between Fact Type and Scenario (F(8, 29) = 3.40, p = 0.007).  Such effects and interactions have been found in previous years, and indicate that not all fact types were investigated equally.  For the Synopsis, the number of facts was significantly different by Fact Type (F(4, 29) = 5.10, p = 0.003), but not significant in its interaction with Scenario (F(8, 29) = 1.97, p = 0.087).  



Task facts were still the major contributor, with Operator and Social facts close behind.  Fewer Machine facts were requested, although a greater fraction of these appeared in the synopsis.  Finally, Environment facts were requested and reported rarely, especially for Scenario 2.


It is also of interest to check the times taken to complete the investigation, although accuracy rather than speed is our primary concern.  ANOVAs were run of the data using Stop Time as dependent variable and Site and Scenario as crossed factors.  The only significant result was that for Stop Time, Site had a significant effect (F(2, 4) = 9.31, p = 0.031).  The MEDA site averaged 51 minutes for the investigation task, the Five Principles site averaged 35 min, while the third site averaged only 19 min.  Thus, use of the job aids led to different times, with MEDA taking longest and the site not using either job aid taking the least time.  


Because the same type of participants were used in this study as had been used in the baseline study, a direct comparison of the results between these two years can provide direct evidence of the efficacy of job aids for incident investigation.  Baseline data were selected for only those participants who were tested with the same three scenarios used in the current study, giving 20 participants.  Analyses of Variance were performed for the combined data set with the factors of Job Aid used, Scenario and Job Type.  The Job Aid used in baseline was in fact no job aid.  In the current data it could either be MEDA (Site 1), Five Principles (Site 2) or no job aid for Site 3.  The only significant results were for Number of Facts Requested and Stop Time, where Job Aid was a significant factor.  The significance was F(3, 19) = 5.28, p = 0.008, for Number of Facts Requested and F(3, 16) = 3.32, p = 0.047 for Stop Time.  These two measures correlated highly (r = 0.912) but failed to reach significance (p = 0.088).

The overall picture is that the depth of investigation increased with the use of job aids compared with baseline, and with Site 3 in the current study, although only the MEDA job aid gave a statistically significant improvement.

Discussion

The job aids would be expected to improve performance, even though one (the Five Principles) was never intended as a job aid during the investigation process itself.  Indeed, they did make such an improvement overall.  We found a significant effect of Site, where different sites used the different job aids, with the whole of the baseline data being classified as a single site.  Clearly, job aids are effective, but only if they are actually used during the investigation.  When we classified the Number of Facts Requested by Job aid use Style, we also got highly significant results.  The effect of Style was highly significant (F(2,30) = 7.68, p = 0.002).   Our Style 1 participants, who worked systematically through the job aid requested 61.5 facts on average.  Style 2 participants who used the job aid as a back up requested 54.0, while the rest who were in Style 3 requested only 33.4.   
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