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This is a report of investigation process research that describes deficiencies in today’s accident investigation processes in need of change, and how mishap investigations could be conducted, reported and used to overcome those deficiencies.  Today’s investigation practices waste resources, lack scientific rigor, frustrate objective quality assurance, and produce outputs vulnerable to misuse, under utilization or mischaracterization by end users. Changing dominant concepts, principles and practices could achieve improved investigation efficiency, rigor, and consistency, and could advance investigation output simplicity, efficacy, timelines, utility and value for users over time.  This involves changing underlying assumptions about investigations, the conceptual framework for both accidental occurrences and their investigation, and investigation purposes and functions, and the introduction of new and standardized investigation primary source input data documentation, processing and outputs References to examples of such changes are provided. 

Introduction

When accidents happen, it is widespread practice to conduct “safety investigations” to learn what happened so future activities can be made safer. But information generated by accidents also has other uses by entities with other needs, many of which are not satisfied by safety investigations. This often leads to additional investigation and analytical efforts. When the full spectrum of users and uses is considered, new insights about current safety investigation constraints emerge, suggesting the need for changes that would enable safety investigations to help all entities with any interest in accidental occurrences get the information they need. As used in this paper, accident or accidental occurrence is intended to include any unintentional occurrences such as crashes, mishaps, near misses, fires, explosions, spills, collapses, disruptions, perturbations, and deviations from norms or expectations.

1.1 The issues.

Many entities use information generated by accident safety investigations.  Each entity has its own needs. When a safety investigation does not satisfy an entity’s needs, the entity is likely to undertake additional investigation of the accident, dispute the reports or misuse the information presented. The author has observed as many as four different investigations of the same accident
in some instances, raising the question why each had to be undertaken. Different outputs and results were observed for the investigation and analysis of the same accident, resulting in contention or litigation. (Benner 2007) Why must more than one investigation or analysis of an accidental occurrence be undertaken? Could current safety investigation processes for accidents be changed to eliminate contention, litigation or the need for any duplication of investigative or analytical efforts? 

1.1.1. Background of issues.

The author was introduced to the issues in the early 1970s while a member of a United States National Transportation Safety Board’s (NTSB) Intermodal Group, involved in accident investigations in all five transportation modes. Observations of different investigation practices among the Board’s five modal units, and among different investigators within some modal units, aroused my curiosity about the reasons for the differences. Using a best practices approach, inquiries were initiated into whether one methodology could be identified as producing the “best” results. 

The pursuit of a “best” methodology lasted many years because it was unwittingly conducted within the confines of conventional perceptions and thinking, which were derived largely from legal precedents (Rimson 2003) and social mores. That thinking included an accident causation modeling framework. It also reflected a “fly-fix-fly” approach to safety improvement efforts which expected proposals for some action to “fix” whatever “caused” the accident, resulting in recommendations from investigations. Although systems became more complex with time, and modified accident causation models and investigation tools evolved, that remains the dominant view of accident and incident investigation processes and functions today. 

During this time, the author also observed other investigations of some accidents that had been investigation by the NTSB, resulting in appeals to change the NTSB reports. (NTSB 2000) Occasionally, during NTSB investigations, the author observed involved parties engaging other entities, at considerable expense, to do parallel investigations of the accident or certain aspects of the accident.
  Why was one investigation of an accident insufficient, and why did each investigation produce different results? Over time, numerous institutional, conceptual, technical and practical problems were identified and reported, but all in the context of  “causal” models of accidents, their investigation and recommendations. A summary of those observations and 32 reports containing them can be viewed at the author’s web site.

In 2006, initial inquiries to determine how the implementation of lessons learned during investigations might be improved led to efforts to define end users of investigation work products and their needs. That led to a closer examination of the lessons learning systems into which safety investigations feed their work products. That work disclosed major impediments posed by investigation practices, and precipitated reexamination of prevailing views about such investigations and a search for alternatives (Benner 2012). Recently, awareness if the many different investigation methodologies and methods raised questions about the overall framework for thinking about accident investigation processes itself became suspect, so it too was subjected to thinking “outside the box.” That led to challenges to several aspects of investigation practices. 

1.1.2. Inquiry Method

The method used for this examination was “observational reearch.” (Cook 1990) The author selected examples of numerous observations of investigative processes and work product usage over time, based on their relevance to the issues, and drew inferences suggested by this data. The work incorporates over forty years of direct personal observations of accident investigations while conducting, using, observing and evaluating them, studying many works about accident investigations, numerous personal communications, and analyzing many published investigation-related works. That experience also included selecting, conducting, managing, participating or assisting in, reviewing, evaluating and publishing accident and incident investigation work products. It included personal use of investigation outputs in transport equipment design, system operational improvement, safety risk assessments, development and presentation of investigation training courses, investigation process research studies and reports, investigation support software development, and statistical analyses of accident data. 

Contemporaneous documentation of these experiences did not always satisfy criteria for rigorous scientific documentation, validation or replicability. However the documentation has produced an extensive record of observations, reported in numerous papers over the years, from which plausible insights can be derived. The material presented here was derived from observations in that way. An extensive list of relevant observations and previously reported insights can be accessed at the author’s web site at “www.ludwigbenner.org/insights.“

2. Accident Investigation Report Users and Needs

Studies of accident-related lessons learning systems (Benner 2012, 2013) and earlier observations as a safety investigation end user and evaluator
 argued that to understand the issues, the users and their uses of accident data developed by safety investigations need to be identified and understood. 
2.1. Accident Investigation work product users

Many different kinds of users of accident investigation data and information about an accident have been observed. Thirty-three observed and reported (Benner 1980) kinds of users are listed in Figure 1 Users of Accident Information.

Figure 1 Users of accident information

	actuaries
	insured entities
	lobbyists
	regulatory enforcement personnel

	
	
	
	

	arbitrators
	insurers
	manufacturers of equipment involved
	researchers

	business owners
	investigators
	organizational managers
	risk analysts, 

	consultants
	investors
	personnel supervisors
	safety professionals

	designers
	journalists
	potential targets of legislation or rules
	standards and codes creators

	employee representatives
	judges
	public prosecutors
	trainers

	individual employees
	law enforcement personnel,
	public
	accident victims

	entrepreneurs
	legislators and legislative aides,
	regulated entities
	victim’s relatives

	human resource staff personnel,
	litigants
	regulators
	


2.2. Uses of accident information

Users of accident investigation work products have many varied needs. One paper listed over 40 different reasons for investigating accidents reported by 200 practicing investigators. (Benner 1980) Those responses were interpreted to identify examples of information needs they suggested.
 Viewed from the perspective of uses implied by the reported reasons for investigating, a large but lesser number of discrete kinds of  user needs could be discerned. These discerned needs are listed in Figure 2. Accident Investigation User Needs Examples.

Figure 2. Accident Investigation Data User Needs Examples
	1
	definition of safety problems or risk raisers to address with ameliorative actions

	2
	determination of “parties responsible” for losses

	3
	allocation of reimbursements for losses and claims settlements

	4
	prosecution for regulatory or statutory violations

	5
	supplying data for statistical analyses

	6
	validating and updating  predictive analyses

	7
	promulgating legislative or rule making actions

	8
	satisfying public product or service concerns

	9
	satisfying employee safety concerns

	10
	completing required reports

	11
	developing training materials

	12
	verifying hypothesized assumptions or concepts

	13
	supporting risk analyses and cost/benefit analysis

	14
	restarting operations

	15
	engaging in litigation

	16
	developing new products or services


The list is not claimed to be exhaustive. For example, at the time, the respondents were in an advanced accident investigation course to learn to produce better investigations; one aspect was to develop a valid and complete description of what happened. However this reason was probably assumed, remained unstated in their responses, and escaped recognition until recently. Figure 2 the shows the variety of needs reflected in the responses.
2.3. Which users need what information about accidents?

To couple the users with their accident investigation information needs, examples of users and their various needs were synthesized and summarized in Figure 3. Note that the examples do not include a reconstructed scenario
 of each accident from which the listed needs are satisfied. As the work progressed, the identification of this insight weighed heavily in the differentiation of the description development function and the incident analyses functions of investigations. 

Figure 3. Examples of End Users and Their Needs

 (Insert Figure 3 here)

	
	Examples of Safety Investigation Users
	Examples of User needs

	1
	· Safety professionals, supervisors, risk analysts, regulators, insurers, investigators, researchers
	· What happened, definition of safety problems or risk raisers to address with preventive actions in exiting or planned systems

	2
	· Organizational managers
	· What happened, information for actions to mandate, performance improvements, or support resource allocation decisions

	3
	· Insurers, litigants, arbitrators
	· What happened, data for assigning resources to losses, claims settlements or litigation

	4
	· Researchers, actuaries
	· What happened, data for statistical analyses

	5
	· Regulators, lobbyists, legislators and legislative aides, potential targets of legislation or rules
	· What happened, information for promulgating legislative or rule making actions

	6
	· Employees, employee representatives
	· What happened, information for satisfying employee safety concerns

	7
	· Trainers, regulators, consultant
	· What happened, information for developing or modifying training materials

	8
	· Risk analysts, actuaries, business managers, regulators
	· What raised risks, to support new risk analyses and cost/benefit analysis

	9
	· Business representatives, entrepreneurs,  
	· What happened, information identifying potential business risks and initiatives

	10
	· Law and regulatory enforcement personnel, insurers, human resource personnel, litigants
	· What happened, for determining “parties responsible” for losses

	11
	· Public prosecutors, judges
	· What happened, for prosecuting unlawful regulatory or statutory acts or omissions

	12
	·   Investigators, risk analysts, investors
	· What happened information for validating and updating predictive performance analyses

	13
	· Journalists, public, victim relatives and friends
	· What happened, information for satisfying public product or service what happened, happened, concerns

	14
	· Regulated entities, insured entities
	· What happened, data for completing required reports

	15
	· Investigators, designers, trainers
	· What happened to verify design assumptions or concepts

	16
	· Operational supervisors, operators, engineers
	· What happened to assess and possibly change facility work practices or equipment monitoring


Figure 3 shows that users’ needs are broader than the reporting of safety “lessons learned” and prevention recommendations, because the investigation results must provide all users an opportunity to define and satisfy their own needs, in the context of their own activities. 
2.4. Stated Safety Investigation Purposes

Governmental organizations with safety-related missions or orientations sponsor the most widely recognized and reported accident and incident investigations for the prevention of their recurrence. For example, currently internationally and nationally articulated accident and incident investigation purposes and practices focus on “safety” concerns in transportation (ICAO 2010), industrial ((HSE 2004, CCOHS 2006, OSHA 2007) l and medical (ISMP 2012) fields. Non-governmental enterprises are often required to conduct safety investigations and report the resultant accident data to some governmental or regulatory entity, again ultimately to achieve safer performance.

The list of user needs in Figure 3 indicates that this current main focus of accident investigations for safety purposes only is too narrow, and the view of investigation purposes needs to be broadened if all user needs are to be accommodated without duplicating investigations.  

2.5. Additional investigations of an accident.

Not all investigations of accidents are undertaken by organizations for safety purposes. For example, investigations may be undertaken by judicial entities, litigants, peripherally involved businesses, insurance companies, law enforcement entities, private individuals, labor organizations, or regulatory agencies. This may and often does result in multiple investigation findings about an accident, as followed the Air France Flight 4590 Concorde airplane crash in France. (BBC 2012)  In other cases they preceded requests for reconsideration of reports, as have occurred with the US National Transportation Safety Board (NTSB 2000) or involved inquests or litigation following accidents. They may be re-analyzed or reinvestigated by any organizations or individuals disagreeing with reported data, or wanting additional data listed in Figure 3 if it is not in a safety investigation report. 

2.5.1. Consequences of multiple accident investigations. 

One concern raised by multiple investigations is that each investigation is likely to arrive at a different description of what happened, because large number of different methods are employed and different interests are emphasized. When different, the investigations are likely to result in incomplete, differing or conflicting views about what should be done to improve safety and other user actions. Additional problems include technical issues like the handling of the accident debris, wasteful use of investigation resources, impeded or flawed research efforts, delayed or misdirected amelioration actions or lengthy and expensive litigation. Investigation problems can also include potential social issues like more losses, missed opportunities for risk reduction, injustices to individuals or organizations, and even misdirected policies. A representation by the author (Benner 1980a) offers examples of these problems:
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2.5.2. Reasons for different investigation outcomes. 

The reasons for different outcomes are numerous, ranging from different needs driving investigation decisions about what to investigate to differences among institutional, conceptual and technical matters. Institutional differences included organizational views about routinely identifying, collecting and sharing data across organizations, amount of material to be reported, planning and provisions for reuse, and making available time required for related tasks. (Werner 2004). Well-recognized differences between safety investigations and judicial investigations are illustrated by the concerns in the aviation domain about effects of judicial accident investigations on full disclosure of actions by involved parties during safety investigations. 

Conceptual differences include the variety of accident models, indicating a lack of a unifying conceptual framework of investigations. (Benner 1975) Observations during investigations and analyses of investigative manuals and practices disclosed at least five different perceptions of the nature of the accident phenomenon (Benner 1980, Leveson 2012) and dozens of investigation processes. (Benner 1997,2015a) Each perception (or model) of the accident phenomenon influenced an investigative process model and effectiveness. (Benner 1985) 

Differing perceptions of the nature of the accident phenomenon affect investigation motivations, scope, methods used, selection of the data sought, (Benner 1980) data documentation criteria, organization and interpretations of those data, (Benner 2007) use of the prior experiences of investigators involved (Benner 1981), differing or missing criteria for the work products to be produced, and the lack of recognized objective quality assurance scrutiny (Benner-Rimson 1991-2) to which the work products are likely to be exposed. A simple example illustrates both the conceptual and technical difficulties. The “time of the accident” is often required as a single date/time entry.
 However accidents are not instantaneous occurrences, as suggested by such entry demands. But there is no agreement about when an accident starts or stops, or an investigation stop rule, so the selection of that data entry is left to the subjective judgment of the individual investigator. And if a beginning and end time are to be reported, the same choice arises: when should the accident be said to start or end? And when reported, how is the quality of that data assured?

Previously reported technical differences arise from methodology selection, input data selection guidance, data structures used, levels of abstraction tolerated, natural language impediments, individualized investigative practices and outputs, investigator experiential inputs (Benner 1981, 2007, 2012) and hindsight biases (Lutzhoft 2002) 

Together, these differences illustrate why investigations of an accident by different organizations for different purposes today should be expected to produce different outcomes. 

2.5.3. Accident reporting forms

The results of investigations are often reported on pre-designated forms, with blanks defining the data to report, sometimes including a blank space for an unstructured narrative describing what happened. Typically these forms reflect the views of the forms’ sponsors and designers’ theories, taxonomies and views of the accident phenomenon, rather than investigators’ objective reconstructed scenario of what happened. The US Aviation Safety Reporting System, for example, is served by reporting “unsafe experiences” on forms designed by ASRS analysts based on their perceptions of accidents and resultant data needs. 

Reporting forms provide an indirect kind of input data “standardization” because they call for similar entries across accidents and many offer glossaries. But for the accident scenario section, form designers require rarely if ever require sufficient information to enable replication of a complete and valid reconstructed scenario of the interactions which produced the outcome of concern. Yet validation by replicability is a bedrock tenet of science. 

However, these impediments mask a more subtle issue: the conflation of disparate safety investigation functions, tasks, knowledge, skill requirements and tools.

3. Functional Conflation issue.

The disparate safety investigation functions are the development of the explanatory descriptions of what happened, and the analyses of those descriptions. Each has different goals and each produces different kinds of outputs. When viewed in the context of their significance for end users, it is possible to recognize the importance of these differences.
3.1.Conflation of accident description and analysis functions.

Observations of investigation work products and recent publications about safety investigations by respected experts combine the description of what happened with recommendations to improve future safety, without any exceptions that I could locate. This reflects an unrecognized conflation of two incongruous kinds of functions during safety investigation processes. That conflation exists for several reasons. 

3.1.1. Influence of Tradition.

Tradition has had a major influence on the current state of the art of investigations. Morphing from the Code of Hammurabi through the centuries to its present state, the art evolved empirically over the centuries, with incremental changes over time to accommodate growing complexity and societal concerns. Little theoretical attention was paid to the art until about the middle of the twentieth century, but that attention was and has remained rooted in Aristotelian notions of causation, and notions of safety, accountability and remediation.

3.1.2. Legal precedent

The heritage of legal influences in safety investigations is another reason for the conflation of functions. The facts - analysis - findings- causal conclusions- action framework for judicial processes still dominates most formal safety investigation practices. (Rimson  2003) (Benner 2015)

3.1.3. Ambiguity of Terms

Usage of the two terms “accident investigation” and “accident analysis” contributes to this continuing functional conflation. Both terms are presently used for essentially the same process of determining and explaining what happened, and then proposing some preventive action(s). For the purposes of this inquiry, two searches for Wikipedia articles are illustrative of the ambiguity of terms leading to the unrecognized conflation of functions. A Wiki search for “accident investigation” produces this result, which is a redirection to “accident analysis.”
 “From Wikipedia, the free encyclopedia
  (Redirected from Accident investigation)”
A Wiki search for “accident analysis” produces this result:

“Accident analysis is carried out in order to determine the cause or causes of an accident or series of accidents so as to prevent further incidents of a similar kind. It is also known as accident investigation.” 
The statement also reflects the preponderant content of safety investigation reports which, by mandate or custom, typically include recommendations for action in some form. 

3.2 Functional differences.

The difficulty this creates is that both terms and actual practices mask the conflation of two distinctive kinds of safety investigation functions and task sets. The development of a reconstructed scenario describing what happened is an inquiry into an episodic historical phenomenon. It needs only inputs of source data originating during the incident or directly influencing what happened to reconstruct the descriptive scenario. The historical function should end with the last inputs from the occurrences that were integrated into the scenario. Present practices and the vocabulary usage require introduction of additional inputs external to the occurrence to support comparative analysis of what happened with what was expected to happen. Terms such as “did not” or “failed to” or “caused” and similar abstract judgmental allegations illustrate this propensity. 

The analyses of the reconstructed scenario of what happened, to identify deviations from expectations, problem relationships and omitted actions and develop recommendations or other future actions, are often more analogous to nomothetic inquiries rather than historical inquiries, particularly as they draw inferences about behaviors or risks, or trends or projected performance. Analysts can introduce and use data from more than one episode or other external sources at their discretion. The analysis function does not end until the projected new behaviors or action achieve the anticipated outcomes. 

3.3. Significance of Functional Conflation. 

Importantly, the knowledge, skill and tool sets (KST) required to reconstruct a historical episode  and outcome differ in many substantial respects from the KST sets required to create projections for future actions and their results. 

Safety users determine their prevention reactions to occurrences based on their analyses of the reconstructed scenario of what happened, their existing activities, and other additional data such as investigators’ recommendations, and their own resource, physical, technical or social considerations, for example. Other users may only require reconstructed scenarios to satisfy their needs, so recommendations are only indirectly of interest. A simple example is the need to consider contractual obligations in addition to the description of what happened to act on an insurance claim. Users 3, 4, 10, 11, 13, 14, 15 in Figure 3 do not necessarily require predictive system performance improvement analyses and recommendations on which to act. However, they do need to consider their reaction(s) to an incident and forecast likely outcomes if the implement their actions. This requires other inputs beside the scenario description to determine their actions and likely outcomes

Thus the conflation of functions introduces undesirable personnel competency and work organization challenges. It increases the likelihood of misallocation of task assignments for the performance of each safety investigation task if care is not taken to accommodate the different knowledge, skills and tools required for each. It also results in more complex and lengthy narrative investigation outputs (reports) impeding their archiving, dissemination, searching, retrieval and application to their individual operations and activities. Additionally, it results in safety investigation activities overlapping judicial activities, producing tensions between the two domains. 

In retrospect, this previously unrecognized conflation likely contributed to the collapse of an experimental on-line collaborative research initiative to define the tasks required to perform 9 levels of accident investigation projects. (Benner 1997)  

4. Knowledge, Skill and Tool Set Requirements.

Looking backwards in time to understand historic episodic occurrences within a dynamic operational system requires a different knowledge, skill and tool set (KST) than looking forward to the future to develop either specific or generally applicable actions to achieve desired future performance across systems or within individual activities.

4.1. Historical function requirements.

This is an idiographic kind of research function, or retrospective determination of past behaviors and interactions, to develop a valid reconstructed scenario of a single past phenomenon with a known outcome. Before and during an incident, the behaviors of people, objects and energies occurred as they did. The history is what it is; it is not what should have been. The reconstructed scenario, when fully identified, does not have to deal with variability or probabilities. During the safety investigation process, observable source data generated by or influencing the occurrence must be transformed into documented ‘building blocks” to enable the faithful reconstruction of the scenario. The documented data in building block form must then be organized, integrated and interconnected, as it is acquired, to assemble the description of the interactions during the scenario.. When complete it must show the interactions which produced the observed outcome and the context within which they occurred.  The data integration task should reveal gaps in understanding of interactions to guide additional data acquisition, or logical development of possible hypotheses which can then be validated or rejected by acquiring confirming data. The function is complete when the reconstructed scenario is completed to the extent allowed by data surviving the episode and recoverable. Validation of the scenario can be accomplished, when feasible, by logic tests and perhaps physical replication or simulation of component behavior sets. No follow-up verification or occurrence replication is required: the phenomenon as reconstructed with valid building blocks and links is unchangeable. 

4.2. Predictive function requirements.

The second function involves some nomothetic kinds of tasks undertaken for predictive or prospective action purposes. Analysts use data from reconstructed scenarios and add data from other sources to reach decisions and synthesize actions needed to satisfy the analyst’s specific needs. Future decisions and actions must deal with variabilities and probabilities, which may require data from other sources such as system designs, operations and outputs; similar incidents; regulations; contractual documents; managerial or social influences; training programs; precedents; trends; research studies; multiple accident descriptions; or other inputs. Validation of predictions requires design of future behavior monitoring and verification by observing future performance. Over time, monitoring results may compel changes to analysis outputs. 

4.3.  Scenario development (SD) KST needs

Consider first the knowledge, skills and tools required to develop trustworthy and useful reconstructed scenarios of historical episodes. That KST set must reflect the needs of an investigation discipline, as distinguished from other disciplines. This function requires investigators to have a working knowledge of investigation theory, concepts, principles and practices, generally applicable to all kinds of unwanted phenomena they may encounter. That is needed to minimize the influence on investigations by unstated or unrecognized assumptions, perceptions and practices inherent in other specialized fields and domains. 

4.3.1. SD Knowledge Needs

Tasks performed during historical inquiry functions involve knowledge of the concepts and principles on which the function is based for their proper execution. For example, perceptions about the nature of the phenomenon being investigated, or theoretical accident models, determine the nature of the investigation conducted and the tasks undertaken. Concepts, principles and methods influencing the selection and extraction of data from people, objects and energies are essential knowledge for the development of documented original source data for the description. Concepts, principles and methods influencing the manipulation of acquired data into a spatially and temporally valid flow of interacting behaviors, and the handling of unknowns and emerging unknown-unknowns during the scenario development are also essential knowledge. Concepts, principles and methods influencing quality assurance task sand validation of descriptions are also required knowledge. 

Understanding concepts and principles of observation, data preservation, abstraction, interviewing, natural language constraints, hypothesis generation, data organization, logical reasoning, quality assurance and data presentation is essential to the successful production of a trustworthy and useful reconstructed scenario of what happened. Awareness of needed investigation skills and available investigative support tools is equally important.

Knowledge of ideas driving input data transformation of observations, building block creation, data organization and coupling, event flow logic testing, systems engineering, dynamic data conceptualization or visualization, interpersonal interviews, bounded hypothesis generation, “evidence” preservation, and chain of custody tasks is also necessary for the production of valid reconstructed scenarios. 

4.3.2. SD Skill Needs

The application of investigation knowledge to each episode requires task-specific skills. Investigators’ tasks require them to be able to apply their investigation knowledge as they work with people, objects and energies during investigations. A primary task is the development of investigation data inputs. For example, the selection and transformation of observations of data generated by an incident, such as injuries to people or damage to objects, into some documented form useful to the investigator requires skills unique to the safety investigation scenario development function. The same is true for other kinds of tasks, like data observation, identification, selection, conceptualization, documentation, data organization, logic testing, coupling, hypothesis generating, quality assurance, data preservation and reporting..

Investigators must also be skilled in minimizing experiential and hindsight biases, recognizing and interpreting indicators of state changes, applying logic tests to integrated data structures or bounded hypotheses they generate, assembling mental movies of the interactions they identify, and filtering irrelevant data from their scenario development task, whole assuring their own safety in hazardous environments. 

4.3.3. SD Tools Needed

Investigator’s mastery of tools needed for the development of the reconstructed scenario is also needed. For example, various investigation methodologies offer software tools for investigators to master and help them with their tasks. They must also master or at least know the opportunities offered by and limits to use of the many laboratory analytical, interpretive and simulation tools available to help them develop data from observed states or state changes and component debris or behaviors.

4.4. Incident Analysis Development KST needs

Consider next the knowledge, skills and tools required to produce relevant and useful predictive data or decisions from the incident scenario and other sources to satisfy multiple users’ needs. 

4.4.1. Incident Analysis Knowledge 

Briefly, a much broader range of knowledge is required for the incident analysis  (IA) function, dependent on a user’s needs and desired outputs. Analyst’s tasks require them to be able to apply their analytical knowledge base to the incident’s reconstructed scenario. For example theoretical knowledge of statistics, certain social sciences, system engineering, and operations research might be required. Knowledge of users’ systems, industry, regulatory or judicial relevance, design or operations and data available about each may be required. Knowledge of existing taxonomies or their development may also be required for some predictive analysis tasks.

4.4.2. Incident Analysis Skills

Analysts work with reconstructed scenarios and other existing data sources, rather than just observations of residual source data generated during an episodic occurrence. One possible exception might occur when they undertake surveys to acquire better understanding of some related action or behavior they wish to address. For example, they must be skilled in identifying, defining, locating, accessing and retrieving needed data in addition to the reconstructed scenario. Their skills must include the ability to aggregate, characterize, organize, and manipulate data properly, and synthesize their data into relevant predictive outputs to support their decisions and actions. 

4.4.3. Incident analysis Tools

The range of analysis tools supporting analyses of reported data is much broader than tools supporting the incident scenario development function. For example, suites of software for aggregating, archiving, searching, retrieving, and parsing database archives constitute potentially useful analytical tools, as do statistical formulae and their application. Graphic data organization tools like logic trees or similar charting tools may also be useful. Tools such as Barrier Analysis and Change Analysis might also have a role.

4.5 Differences between functions

The KST requirements described are not exhaustive for the respective functions. However, the differences noted are sufficient to indicate that the function\al conflation merits recognition and attention. 

The functions discussed do not include the scenario archiving, distribution, search and retrieval tasks required to support the analysis function. Those tasks could be allocated to either function, but stewardship of the scenarios suggests that the best place for the scenario archiving task would be with the scenario development function. The best place for the analysis output archiving, distribution, search and retrieval tasks would be with the incident analysis development function. In that case, the scenario development function would end with the archiving of the scenario for dissemination. That would still provide a bright line between the functions if they were separated.

5. Accommodating functional differences

Given these differences, what action might be taken to recognize the functional differences, separate them, and still serve the broad range of accident investigation users’ needs? The first step was to differentiate common from unique user needs. 

5.1 Commonality of needs.

When one considers the needs of users, all needs noted in Figure 3 were surveyed to try to distinguish common user needs from unique needs.  Of the needs surveyed, some were common for more than one user, but only one was common to all users. That was a trustworthy reconstructed scenario of what had happened, in a form users could rely on and employ to satisfy their respective individual needs. 

5.2. Common user functions 

Ways to serve that common need are not intuitive within the present investigative framework or models. For example, safety actions require users to counter certain behaviors or behavior patterns reported in the reconstructed scenario. Other user needs require users to identify from the reconstructed scenario what people, objects or energies were involved and what they did during the occurrence. Still other users need to be able to consolidate the data from more than one description in a way supportive of their analyses for various research or other purposes.

5.3. Accommodating user needs and functional differences 

To improve the value and efficiency of safety investigations, two kinds of changes are indicated. The first is to change the existing safety investigation paradigm from a safety improvement-driven paradigm to an all–encompassing user needs-driven paradigm. Its new aim would be to accommodate the full range of users’ incident information needs. 

The second is to bifurcate the currently conflated safety investigation retrospective and predictive functions into two discrete safety investigation functions and kinds of outputs, to accommodate the differences in functional execution demands.

The first will require institutional, conceptual and technical harmonization of many existing but differing assumptions, perceptions, and purposes. Bifurcation will likewise require harmonization of differing accident and investigation models, methodologies, and functional and task reorientation. Both are challenging, given the degree to which present ideas and practices are intermingled and entrenched. 

5.3.1. Functional changes

To improve the value and efficiency of safety investigations of accidental occurrences, bifurcation of currently conflated investigation functions into two distinct functions and kinds of outputs is indicated. 

5.3.1.1 Scenario development  function.

The first function would to develop and report, as completely as possible from surviving data, a reconstructed scenario of an occurrence in a form that clearly identifies and describes the behaviors and behavioral interactions among the people, objects and energies required to produce the observed outcomes. The form of the description should meet certain criteria for viable user utilization, including those previously reported. (Benner 2010) For example, it should at least enable the reconstructed scenarios’ specificity, conciseness, validation, dissemination, archiving, concatenation, and updating. It should also facilitate users’ identification, extraction, machine parsing and manipulation, context identification, relevance determination, assimilability, adaptability and economic feasibility of its use. By limiting content to scenario actions and interactions recoverable from primary data sources directly related to the occurrence, and excluding assumptions, conjectures, speculations, abstractions, ambiguities, allegations, hypotheses, and similar content vulnerable to interpretation or dispute, the likelihood of misuse, under utilization or mischaracterization by end users could be substantially reduced or eliminated. Defects in the scenarios could be constrained by adopting available methods for standardizing inputs and their integration into verifiable scenarios. 

5.3.1.2. Scenario analysis function.

The second function would be to for each user to analyze the reported scenarios in conjunction with other data they might wish to introduce from any other sources in whatever way which helps that user to determine what action (if any) to take after each occurrence. This would tailor analyses to specific user needs. Analysis reports would be published separately if required. Analytical knowledge, skills and tools are well established, and can be applied to perform an analysis function readily, so few if any KST changes seem necessary with the implantation of this bifurcated function. The main effect of this change would be to disperse the responsibility for and conduct of analyses to users, shifting that function from the investigating entity. That might require changes in legislation and significant realignment of present safety investigation tasks. However, it would give users the flexibility to develop needed analyses limited to and in the context of their organization’s or group’s unique capabilities and resources, overcoming any or universally or generally applicable recommendation challenges. Shortcomings in the analysis function would be treated under tort law or other means.

5.3.2. Technical Changes.

Technical changes within the scenario reconstruction function would be required to reconcile the substantial differences that currently exist among the over two dozen investigation methodologies and methods about why and how investigations are undertaken, and what they produce. Those changes would include investigation input and output specifications, objective quality assurance tasks, and other task definitions, among others. 

Little change would be needed for the scenario analyses function.

5.3.3. Effects of Changes.

If the functions are bifurcated, everyone could be analyzing the same available scenario describing what happened. Properly designed and implemented, the scenario development function could facilitate machine aggregation of interactive behavioral data into data sets and concatenation of behavior and linkage data for trending and other research purposes. If investigation input data and input data integration were standardized, machine glossary development of actors, behaviors and interactions could become a reality, and improved specificity of safety vocabulary in descriptions could be facilitated. 

Analyses would be performed by users to meet user’s needs and resources in user’s context, and tailored to users’ systems, rather than imposed on users by investigators.

6. Conclusions

Presently safety investigation reports of an accidental undesired occurrence use many different methods and tools, frequently creating disagreement or disputes about the results, and the need or desire for additional information and investigations. These additional investigations also result in differing outputs among their users. This occurs in part because of institutional, conceptual and technical differences among various investigation processes employed. Also contributing is the ambiguity and inconsistent uses of the terms “accident investigation” and “accident analysis” because that masks the conflation of two discrete and differing functions during safety investigations, each requiring distinctive knowledge, skill and tool sets for their execution. Bifurcation of these two investigation functions into a commonly needed scenario reconstruction function and a scenario analyses function is indicated, to meet users’ needs more effectively and efficiently. Bifurcation will require changing the dominant investigation paradigm and practices to produce and report demonstrably valid descriptive scenarios of what happened in a restructured form that could meet all users’ analytical needs. Scenario analysis functions could be redirected to work with the newly structured desccriptive scenarios without major changes. Redefinition and accurate future use of the terms “accident investigation” and “accident analysis” is among the changes needed. 

The current investigation paradigm is deeply entrenched in investigating entities and society’s fixation with finding causes, (Wood 2011) so analysis changes will probably have to follow the successful implementation of needed description development function changes. Many entities, shown in Figure 3, are heavily invested in the current safety investigation paradigm, , and resultant investigation practices and data, saturated with investigators’ judgments, abstractions and characterizations. Therefore introduction of new thinking and new ways of bringing about bifurcated safety  investigation practices must be well conceived, planned, tested and executed. Focusing on changes to standardize the grammar and content of investigation input data documentation and their integration seems to merit further consideration as a relatively uncontroversial first step. 

Collaborative research involving user and investigation community representation is indicated, to adequately define the specific investigation process inputs, outputs and task guidance for the scenario reconstruction function, in the context of the broad range of investigation users and uses, to ensure workable functional changes.
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APPENDIX A

List of reported observations/insights in publications by Ludwig Benner Jr.
	· OBSERVATIONS/INSIGHTS

	· REPORTED IN


	· Identifiedd ambivalence about concern for safety;

· Need for generalized accident theory; and 

· 4 risk –introducing/bearing/acceptance relationships 

	· Safety, Risk Send Regulation 1972


	· Identified regulatory special permits as safety experimentation on public; hazmat risk variance along trransport routes

	· Hazardous Materials Transportation:

· Current And Future Issues, 1973


	· Identified need for predicting hazmat behaviors in emergencies for emergency responder decision making

	· Predicting Hazardous Materials Emergency Outcomes, 1975

	· Idenrfied needed reseaerch for predicting hazmat behviors in accidents and their control by chemical professionas

	· Risk, Responsibility Nd Research, 1975


	· Proposed multilinear process theory of accidents for investigators; Methods that produce compete, reproducible, conceptually consistent and easily communicated explantions of accidents

	· Accident Investigations: Multilinear Events Sequencing Methods, 1975

	· Proposed new emergency decision model for emergency responders; general hazmat emergency behavior model showing intervention points

	· D.E.C.I.D.E. In Hszardous Materials Emergencies 1975


	· Identified need for accident theory to support investigation profession

	· Accident Theory And Accident Investigation 1975


	· Book defined new paradigm for hazmat emergency response decision processes

· Hazardous Msterial Emergencoies 1975

· Defined role of hypotheses in accident investigations  to bridge gaps in scenarios during the investigation

· Hypothesis Generation For Rare Events Research 1976
· Identified fire perceptions of accident phenomenon that influence investigations and research

· Accident Theories And Their Implications For Research, 1978

· Identified 7 investigation processes, 44 reasons for investigations, 6 general methodologies and 3 investition output types.

· Accient Investigations: A Case For New Perceptions And Methodologies, 1980

· Identified unconscious investigator biases carried ovefr from their academic discipines; 6 categories of methodologies; truth testing challenges

· Methodological Biases Which

· Undermine Accident Investigations, 1981
· Presented detaied guidance to help investigators produce better understanding of human behaviors during accidents

· General Human Decision Process Model For Investigators1982
· Identified method for evaluting emergency reponses (Time/Loss Analysis method)

· Evaluating Hazmat Responses With Time/Loss Analysis 1982
· Identified safety problem discovery and definition problems with accident investigations; Appendix  listed 54 responses to “Meaning of Cause in Accident Investigation?” to illustrate cause problem

· Accident Models: How Underlying Differences

· Affect Workplace Safety 1983
· Identified lack of feedback to update safety analyses using accident investigaiton results

· System Safety’s Open Loops, 1983
· Identified safety regulations role as preempted safety decision in accident investigations; and implications for promulgating, training and compliance program formulation

· What Is This Thing Called A Safety Regulation? 1984 
· Introduced 30-element system for evaluating safety control selection

· Corrective Action Evluation 1985

· Introduced 8 element model for investigating human decisions in accidents

· Model Of Human Decisioun Process For Accident Investigators 1992

· Identified, rated and ranked accident models and investigation methodology then existant

· Rating Accident Models Nd Investigation Methodologies 1985

· Defined problems with then current accident investigations, and proposed new thinking about investigations

· Investigating Accidents With Step1986

· Defined pilot risk decision making, and test results

· The Decide Approach To Training Pilots In Pilot Decision Making,
· Identified reasons for controversy about proposed safety regulation and alternatives for reducing it

· Alternative Assessment Methods For 

· Rail-Highway Grade Crossing Regulations 
· Defined difference getweena bstract and concrete data for understand accidents

· A Methodological Approach To The Search For Indirect (Human) Events Related To Mishaps1987
· Identified how holes in accident investigaiotns adversely affect recommendation development and selection, and foiled replicability of investigaitons

· Fire Risks In The Carload And Truckload Transportation Of Class A Explosives1989

· Identified the role of instructors and trainers in accidents, inadequate accident investigation support for roles

· Safety Training: Achiles’ Heel 1990

· Described selected logic principles and relevance for accident investigators

· Logic And Logic Fallacies 1990

· Identified deficiencies in accident investigation recommendation process and potential application of system safety concepts

· Applying System Safety To

· The Safety Recommendation Process 1991
· Identified problems with cause in investigations, and called on investigators to support changing it

· Guest Editorial: Problems With Cause 1991

· Identified the lack of quality mangement for accident investigations and their outpus

· Quality Management For Accident Investigations (2 Parts)1992

· Identified investigation recommendation developmenty deficiencies and potential remedies.

· Ranking Safety Reommendation Effectiveness 1992

· Identified deficinces in accident investigation data relevance, quality, quantity and accessibility, with remedial suggestios 

· Paradigm Shifts To Exploit Successful Human Factors Interventions For Aircraft Accident Prevention1995

· Introduced problem words for investigations

· Words Mean Something 1975

· Created collection of documents to support investigation process researchers

· Launched Investigationn Process Research Resourcess Web Site 1996

· Chaloenged use of predicctive analyses used in System Safety anslysis during accident onvestigations.

· Mishap Investigation tools for evaluating the quality of system safety program performance

· 1996

· Explored feasibility of collaboratively advancing investigation state of the art and defining investigation tasks using internet. (Project abandoned 1979)

· Experimental On-Line Investigation Research Project 1997

· Demonstretes diversity of opinions about cause and causation in 14 papers.

· Extracted Statements about cuse taken from 1996 ISASI Seminar Proceedings.  1998

· Introduced idea of separating invetigation from analysis functions, learn for episodic cases, glosary of terms for self reporting, etc.

· Preventing Flight Crew Errors: Primary Dat Must Drive Analyses 1998

· Identified steps to bring investigation plan to state of readiness for action as Program Readiness Tree.

· Investigation Processplnning Model 1999

· Presented task guidance for essential investigation functions and tools

· 10 MES Investigation Guides 1999

· Defined investigation program design, panning and implementation steps

· Investigation Programs Chapter in Handbook of Industrial Automation 2000

· Presented results of using different methodologies to investigate an accident

· Investigating Investigation Methodologies 2003

· Software created to implement MES investigation technology

· Investigation Catalyst software2004-5

· Identified impediments to learning lessons from investigations, and options for overcoming them

· Accident Data for the Semantic Web 2007

· Called for system safety practitioners to havce essons lerning system in place,  etc

· Appraising "Lessons Learned" Practices 2008
· Modeled and defined criteria for investigation lessons learning system for system safety analyses

· Lessons Learning System Attributes: An Analysis 2009
· Identified needs for improving the investigation lessons learning process, proposed input/output framework

· Sifting Lessons from the Ashes: Avoiding Lost Learning Opportunities 2009
· Proposed standardizing investigtion building blocks  for reconstructing scenarios in nuclear industry

· Transforming Experience into Performance Improvement 2010

· Identified comonalities between accident investigations and crime scene reconstruction

· Can Accident Oinvestigation Tools help crime scene reconstruction 2010

· Reversion to old habits in emergencies

· Old habits die hard 2010

· Described challenges of average user’s adaptation to increassingly complex new systems

· The Brave New World of Designers’ Complexity 2011

· Developed and posted word processor–based tool for evaluating investigation report quality

· Mishap Decsription Quality Analyzer 2012

· Proposed new investigation paradigm, standardized investigation input data and integration

· Standardizing Safety Investigation Inputs to Reduce Risks 2013 
· 








� Entities were a labor organization, governmental agency, operators, and litigants, for example.


� For example, the NTSB, a safety investigation agency, limits participation in its investigations to parties specified in its procedures.


� Ranging from transport equipment management, design and operations in all modes, organizational risk-scceptance decisions, including motor vehicle driver chargeable accident determinations


� Two students also noted that each investigation provided an employment opportunity for themselves.


� A reconstructed scenario states who or what did what to produce the occurrence outcome(s), but excludes expectaed actions, omissions, judgmental adjuectives or simiar information not directly generated during the occurrence.


� One example of an exception is eMARS, with both begin and end time entries. (eMARS 2012)
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