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35
How to Conduct Effective Incident Investigations
Kevin McManus

35.1
Introduction

Numerous regulatory and educational publications, including many of those ref-
erenced in this chapter, state that formal investigations are needed to help ensure
that potential incident recurrence is minimized. Additionally, if the investigation
process is not well designed, the organization will waste significant resources as
their attempts to fix recurring problems fail to produce the desired results. In
this chapter, the three key sub-processes – evidence gathering, root cause analysis
(RCA), and corrective action development – which support the larger investigation
process are examined relative to their impact on a successful investigation. Topics
related to investigation resource requirements, using teams to conduct investiga-
tions, and actions that can be taken both to minimize the erosion of evidence and
to improve the investigation process are also presented. The approaches presented
can be used to minimize the risk associated with a variety of failure types, includ-
ing personal injury, environmental releases, and equipment failures through the
identification of corrective and preventive actions.

35.2
What Is the Purpose of the Investigation?

Why are we investigating this problem? If you asked most managers that question,
the typical response is, ‘‘Well, to make sure this never happens again.’’ Although
this is a noble ideal to aspire to, more often than not the organization’s investigation
processes are not designed to help deliver such a result. Instead, most investigation
processes contain design flaws that actually result in higher levels of risk and lower
levels of corrective action effectiveness. Additionally, it is typically the case that too
few process failures are either captured or investigated. Also, too few investigations
are being conducted on a regular basis.

Additionally, the legislative requirements for most organizations relative to inves-
tigation design and depth are fairly moderate. In the United States, for example, the
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OSHA Form 300 must be completed and investigations are encouraged for organi-
zations that provide non-hazardous goods or services, but few other investigation
requirements apply. In Canada, the Canadian Centre for Occupational Health and
Safety (CCOHS) has defined general accident investigation expectations, and in
Europe, a common methodology has been assembled per Commission Regulation
(EU) No. 1286/2011, (1997) but specific methodologies for conducting, analyzing,
and remedying accident root causes are not presented in either set of regulations.

For those organizations which work with hazardous chemicals, more stringent
investigation, reporting, and process management requirements naturally exist,
such as the United Kingdom’s Safety Case requirements, the European Union’s
Seveso II Directive, and the United States OSHA Directive CPL 03-00-014 (1997)
for Process Safety Management, but even those investigative expectations could
be considered as less than ‘‘best in class.’’ For many, investigations are conducted
merely for compliance purposes. For some, however, investigations are conducted
with the intention to reduce process failures and improve process performance.

Put simply, one could state that an investigation is conducted with the sole
purpose of reducing the risk of process failure. If we are effective in collecting
a well-rounded set of information, using that information to identify a human
factors- and system-focused set of root causes, and then finally identifying and
implementing sustainable corrective actions, we will reduce the likelihood of
similar problems in the future. Unfortunately, the investigation processes used
by most organizations fail to reduce the likelihood of a problem occurring to low
enough levels, and some fail to reduce significantly the potential for high-severity
failures, as highlighted by Benner (1985) in his comparison of accident investigation
methodologies. One common design flaw is failing to be clear as to what the purpose
of the investigation will be and what types of process failures will be investigated.

It is up to the organization to define what the purpose of their investigation pro-
cesses will be. Once that purpose has been defined, organizational leaders can then
determine what measures and resources will be used to gauge process effectiveness
and support process execution. Defining the purpose of an investigation will also
provide each investigation team with guidance critical towards using a disciplined
set of fact gathering, root cause analyzing, and corrective action developing tools.
Neglecting to address these foundational items, however, will contribute to the
potential failure of the investigation process itself.

Although any type of process failure can be investigated, it is more the norm
only to investigate serious problems, such as losses due to fire, explosion, spills,
and personal injury. Organizations can benefit from learning to apply a common
approach to problem investigation across all process areas, but from a loss control
perspective the greatest benefit of investing investigation resources will be derived
by focusing on those problems with the highest potential risk to the organization
and its operating environments. Nevertheless, the organization as a whole may
enhance its process improvement competencies by improving its approach to
incident investigation and analysis. Also with repetition, the organization will learn
that there is a common set of best practices which, if used, will reduce human
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errors, equipment failures, and other types of non-conformance, no matter what
the level of risk associated with such non-conformances might be.

35.3
Why Investigations Fail

Why do most investigations fail? In a July 2008 issue of Health and Hospital
Networks Magazine, Spath and Minogue (2008) observed how for more than 10
years, healthcare organizations have been doing RCA investigations following a
sentinel event, which is defined by the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) as any unanticipated event in a healthcare
setting resulting in death or serious physical or psychological injury to a patient or
patients, not related to the natural course of the patient’s illness, and yet untoward
incidents were still occurring. They also noted how hospitals were experiencing
repeat events involving the same problematic process that was supposedly already
fixed. To address this issue, they stated that ‘‘senior leaders must address the
fundamental problems that limit the value of incident investigations (i) find and
resolve latent conditions as well as root causes, (ii) treat the cause rather than try
to change people, and (iii) get rid of the ‘Oh wells’ (encourage care givers to seek
solutions).’’

In a February 2008 article in JAMA, it was reported that RCA has had a limited
impact on patient safety (Wu, Lipshutz, and Pronovost, 2008). The authors went on
to suggest that ‘‘our current RCA approach needs revision.’’ Additional research
only further confirmed how faulty fact gathering, RCA, and corrective action
implementation can each contribute to one or more types of breakdowns in an
organization’s investigation process.

For example, on a quality assurance pharmaceutical blog post in January 2011 (QA
Pharm, 2011), the top 10 reasons for deviation investigation system failures were
listed. Among the problems listed were the failure to use a disciplined approach
to look for root causes, treating deviations as singular events instead of systemic
problems, failing to use performance metrics to track improvement progress,
and delays in gathering time-sensitive information. In many cases, however, the
investigation shortcomings were the result of structuring the investigation itself to
support a favored hypothesis, instead of designing the investigation to use evidence
to explore multiple hypotheses in search of the true cause.

This writer’s experience with using, and teaching others about, the TapRooT

incident investigation and RCA process has similarly shown how investigations can
easily fail when we fail to ask the right questions. Another reason why investigations
fail is that we wait too long to collect the important evidence which is needed to help
us find the root causes of the problem we are researching. Finally, investigations
fail because we fail to measure and improve the effectiveness of the investigation
process itself. The last two reasons are addressed in subsequent sections of this
chapter. We want to focus now on failing to ask the right questions – the most
common reason why investigations fail.
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The questions which are asked by most investigators almost always focus on
defining the timeline of events. In other words, what sequence of actions lead up
to the problem which is it being analyzed? The design of most investigation forms
is based on capturing different versions of the story, with the hope being that a
comparison of these storylines will lead to the definition of key similarities and
differences that themselves are indicators of root causes. Unfortunately, simply
knowing the storyline is not enough to identify effectively the systemic root causes
of a process failure.

The mistake that most investigators make is a simple one – they simply do not
dig deep enough or only pursue personal biases in depth. In many cases, they
know that they should be more open minded or allow the interviewee more time
to talk, but time does not allow them to do so. In other cases, the value of exploring
topics such as how the parties involved interacted with the work environment, or
how the manner in which the team prepared for work that day may have failed
to emphasize key hazards which existed on the job site, is not recognized. One
solution lies in providing investigators with a well-rounded set of questions that
should be asked of each key party to help in the definition of a well-rounded
set of facts. In the author’s experience as an investigator, the time required to
complete such work can be significantly reduced by the use of this practice, in
addition to enhancing the quality of the analysis itself. The CCOHS regulations
cited previously actually include key questions that should be considered across
multiple investigative areas, such as task, material, personnel, and management
(http://www.ccohs.ca/oshanswers/hsprograms/investig.html). Similarly, some formal
root cause analysis methodologies are designed to include investigative questions
of this nature, such as the TapRooT and Systematic Cause Analysis Technique
(SCAT) approaches

35.4
The Basic Investigation Process

When one tries to define a basic investigation process, there are two perspectives
which need to be considered. First, investigations are analogous to problem
solving and, in turn, problem-solving models such as Plan–Do–Study–Act (PDSA)
(Shewhart, 1939) and Define–Measure–Analyze–Improve–Control (DMAIC) (De
Feo and Barnard, 2005) can be used as templates to help define the steps of an
investigation process. Both of these common quality processes contain steps for
conducting RCA and implementing improvements.

One can also define a basic investigation process by looking at the actions which
are typically taken by both front-line personnel and management to react to a
problem when it occurs. In other words, when it is time to fight the fire, few people
refer to their Six Sigma handbook. Instead, they do what they can to take pictures
and conduct interviews with the hope of using that information to prevent similar
problems from happening in the future. For example, a common investigation
process for accidents in most organizations involves little more than completing
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the accident form, taking a few pictures, and working with the safety committee to
put in place some form of corrective action.

The investigation process is actually made up of three sub-processes. First, the
data collection process sets the tone, as its effectiveness determines the degree to
which key people, paper, and place information is collected. The erosion of evidence
topic is touched on later in this chapter, but it is important to note here that your
evidence will disappear quickly following a given process failure. The design of your
investigation process will directly determine the amount of information that you
will be able to collect before its integrity is significantly compromised. For example,
if you expand the role of the front-line leader to include collecting additional people,
place, and paper evidence as part of the initial incident reporting process, you will
significantly increase the odds of capturing key information.

The second key process, which helps determine the effectiveness of the overall
investigation approach, is RCA. Effective RCA leads to systemic change. Poor RCA
leads to the ineffective counseling of people to improve in breakdown maintenance
work practices. In the 2009 edition of TapRooT: Changing the Way the World Solves
Problems (Paradies and Unger, 2009), the present author provided a comparison
between the traditional approaches to RCA that were taught during the total quality
management movement and the TapRooT process.

The general conclusion of this comparison was that the TapRooT RCA process
uses investigation facts to help select applicable root causes from a predetermined
list, whereas the more traditional RCA approaches require the user first to brain-
storm a list of potential root causes, use multi-voting to select the most likely
causes from that list, and then use countermeasures to validate as many of those
root causes as possible. Both approaches can be compromised, but it was the
author’s perspective that the TapRooT process significantly reduces the potential
for such compromise to occur, simply because a predetermined list of root causes
and a guided set of questions, based on research, were used. Other comparative
approaches also exist for consideration.

The third sub-process which drives investigation process effectiveness is the
corrective action development and implementation process. Many fixes fail simply
because they are the victim of poorly developed corrective actions. It is often
the case that resources simply do not exist to put in place the sheer number of
improvements which are needed unless people are hired. Later in this chapter, we
examine other reasons why the corrective action development and implementation
process is currently broken in many organizations.

Corrective Action and Preventive Action (CAPA) systems exist in many ‘‘high-
risk’’ work environments, such as medical device manufacture and nuclear power
generation, to help facilitate the effective implementation and validation of cor-
rective actions and preventive actions (Global Harmonization Task Force, 2010).
In general, corrective actions are directed at short-term fixes, whereas preventive
actions are intended to act as longer-term, systemic changes. Organizations with
such systems typically employ a manager of their CAPA system, and significant
training is provided within the organization, to a wide variety of employees, relating
to corrective and preventive action development.
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Figure 35.1 serves as one example of an incident reporting and investigation
process. In this example, which is based on a relatively small organization (100–200
people), there are four individuals who play a role in completing the investigation –
the reporting individual, the supervisor, the environmental, health, and safety
(EHS) support person, and the site manager. This example is designed to optimize
the collection of information and help minimize the erosion of evidence. This
is most evident by looking at the shared responsibility for evidence collection
that the supervisor, the EHS support person, and the site manager have. In
many organizations, however, the supervisor is only responsible for completing
an investigation form, as validated by both the present author’s experience and
numerous informal interviews with investigators. That form is then turned over to
the EHS person, who then completes the investigation.

35.5
Investigation Resource Requirements

In the 1975 edition of Safety Management, the authors observed that one of the more
common resource constraints that hinder investigation effectiveness is supervisor
availability: ‘‘There are some disadvantages in relying entirely upon the supervisor’s
reported injuries as a source of hazard data. He will, in most cases, be concerned
with completing the report form with the intention of getting it out of the way as
quickly as possible, although generally thoroughly enough so that he would not
be criticized. His answers to the questions may even be of a cursory, and perhaps
unreliable, nature. He may excuse himself justifiably by saying he is too busy to
spend much time on the collection of facts around an accident and is reporting
what he was able to obtain in an adequate, but as he claims thorough, fashion under
the circumstances’’ (Grimaldi and Simonds, 1975). Unfortunately, the front leader
plays a critical role in the timely capture of key evidence and in the implementation
of sustainable corrective actions.

Organizations typically underestimate the amount of resources required to
support the degree of change they are expecting in any given period of time. John
Kotter identified this challenge in his 1996 book, Leading Change, when he wrote,
‘‘it’s easy to underestimate the time and effort required to produce change’’ (Kotter,
1996). The present author’s experience as a change agent only served to support
Kotter’s observations further. The added time expectations for front-line leaders
are just one example of unexpected resource limitations. The degree to which any
investigative time is effectively invested remains to be formally studied, but most
will admit that areas for improvement exist with their own in-house investigative
approaches.

Projecting resource requirements also requires a projection of time required per
investigation. Possible answers to the question ‘‘How long should an investigation
take?’’ vary significantly. Most agree that the amount of time required to complete
an investigation increases proportionally to the severity of the incident, but even
with that rule in mind, people struggle to estimate the number of people-hours
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Figure 35.1 Example cross-functional incident reporting and investigation process flow diagram. (Created by Kevin McManus, 2011).
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and other forms of resources that are needed as information is collected, analyzed,
and acted upon.

These estimation challenges are further compounded by the fact that few organi-
zations actually measure the resources they use to complete a given investigation.
While it might seem simple just to count the number of calendar days between
when the incident occurred and when the last corrective action was closed out,
even that simple calculation seems to appear too daunting to most.

As a rule of thumb, this writer has found that a normal investigation can be
completed in one week’s time by one person, if that person is allowed to devote
essentially all of their time to the investigation during that week. More simply put,
40 man-hours are required to complete the data collection, analysis, and corrective
action development for a given investigation. This 40 h benchmark does not reflect
the amount of time on average required to close out a set of corrective actions.
Potential answers for that measure’s estimation vary even more.

Determining the number of man-hours required to complete a given investigation
provides you with only half of the information needed to estimate resource
requirements, however. One also needs to project the number of people they will
have working on incidents during a given period of time, as it is common for
incident investigations to involve personnel from multiple groups, both internal
and external to the organization. There are two ways to arrive at this number.
First, begin with your most severe problems, determine the number of problems
you want to try to tackle each month, and decide if you can commit the human
resources to such a rate of improvement per the degree of involvement you expect.

The second way is simply to require each formal leader to devote a certain
percentage of their time each week to formal instant investigations. Users of this
approach recognize that they cannot expect strict adherence to these percentages
due to the nature of the leader’s job, but over a given period of time, evidence of
such time investments should be visible. Using this approach to calculate resource
requirements results in a more accurate fixed cost figure to work with.

Finally, as is explored in the next section, the degree to which more than one
person is assigned to a given investigation will also significantly impact resource
requirements. On the positive side, if this time is invested wisely, change will occur
at a much faster rate. Keys to success lie in managing the team process itself and
developing the skills of each team member so that they can effectively support the
team.

35.6
Using Teams to Conduct Investigations

When should teams be used to conduct investigations? In most cases, a group of
people must work together in order to execute the investigation process effectively.
Whether these people consider themselves to be a team or not, they are working
towards a common goal. In turn, the question is not ‘‘When should teams be
used to in an investigation?’’, but instead, ‘‘During which steps of the investigation
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process does it make the most sense to engage multiple, and diverse, opinions and
perspectives?’’

Most organizations make the mistake of using teams too often. Their belief is
that more people mean better results. Unfortunately, if these people lack the skills
necessary to execute an investigation process effectively, they can actually result
in a significant extension of the cycle time required to get improvements put in
place. In reality, it is much more the norm that only one or two people do the
majority of the work required to complete the investigation. The number of people
that they contact in the process of doing this work, however, should be expected to
be significant if one wants to obtain a well-rounded view of both how the incident
transpired and the possible corrections that may be effective in preventing future
incident recurrence (Asfahl, 2004).

In general, more people are involved at the front end and at the back end of the
investigation process. For example, a team of two or three investigators might talk
to as many as 20–30 other people in the process of collecting information specific
to the process failure they are investigating. Similarly, once this small investigator
team has processed this information, and analyzed it using formal RCA, they can
reconvene a larger group of subject matter experts to assist them with a definition
of possible short- and long-term corrective actions.

At any stage of the investigation process, investigators must be aware of the
potential influence that group dynamics can have on the objectivity of their analysis
and the effectiveness of their recommendations. Opinionated team members,
groupthink, and a lack of team cohesiveness can all undermine the effectiveness of
an investigative effort, just as they have contributed to more significant disasters
in history such as the Bay of Pigs incident in 1961 and the Challenger explosion
in 1986. Conversely, a team which is cognizant of the manner in which they work
together and who are willing to establish high performance norms and expectations
can achieve significant outcomes in a relatively short amount of time (Janis, 1972;
Ferraris and Carveth, 2003).

The potential for unintended negative consequences increases from an investiga-
tion perspective as a group grows in size. This negative potential is only amplified as
accident severity increases, along with emotions. Group dynamics are also affected
whenever the makeup of the group changes. The primary error that the present
author has observed involves attempting to use a team with too many untrained
members to solve problems (2006).

35.7
Sources of Evidence

There are four primary sources of evidence which need to be considered when
identifying and investigation process. While current norms might indicate that one
source should be favored over the other three, it is best practice to attempt to collect
information equally from all four sources. The four sources of evidence are people,
paper, place, and recordings.



924 35 How to Conduct Effective Incident Investigations

People evidence is the type of evidence that most think of when the term
investigation is brought up. People evidence is collected through interviews. While
the interview process might seem simple, there are actually several factors which
must be considered when deciding who to interview, in what sequence to speak
to them, and in what locations the interviews should be conducted. For example,
it is not always practical for one interviewer to interview one interviewee. In the
case of inexperienced interviewers, it usually makes sense to have one person ask
questions while the other interviewer takes notes, even though such an approach
can be intimidating to the interviewee.

The interview process itself also must be managed. A 14-step cognitive inter-
viewing process is taught to investigators in the TapRooT 5 day lead investigator
course, for example, to help interviewers develop the skills needed to conduct
effective investigations (Paradies and Unger, 2009). This process, which is based
on the research of Fisher and Geiselman (1992), helps investigators appreciate
better the value of avoiding the use of ‘‘Why?’’ questions, having the interviewee
explain their version of the story from start to finish without interruption, and then
working backwards with the interviewee from the incident to the story’s starting
point. The manner in which questions are asked, the environment in which they
are asked, and the behavior of the investigator himself, all affect the amount and
quality of information obtained as each interview is conducted.

Place evidence is normally the second most common type of evidence collected.
Pictures serve as the primary form of place evidence captured in most organizations.
Place evidence, however, should include key information which requires much
more than photographs to collect. For example, spatial relations are very important
when examining an incident scene. The distances between the parties involved
and the equipment they were operating can often provide telling information for
identifying root causes.

Weather conditions, or even atmospheric conditions within a building, can also
affect human performance and equipment operation, and in turn should be con-
sidered as place evidence is collected. Other forms of place evidence that should
be considered when visiting the site of a process failure include ergonomic infor-
mation, workplace lighting, availability of work package information, availability of
personal protective equipment, and access to key tools and information.

Paper evidence is typically the most neglected type of evidence in the normal
investigation. We tend to neglect paper evidence because we assume that the
people involved with the incident know everything that is written on the paper. In
actuality, we rely on paper evidence to tell people what is expected, but we also
typically fail to ensure that people both remember, and effectively apply, the wide
variety of information which management commits to paper each day.

Common forms of paper evidence include copies of policies and procedures,
training materials, and work packages that were applicable to the work being
performed when the process failure occurred. Although it is important to identify
whether these documents existed or not, it is more important to evaluate the degree
to which their content achieved its intended purpose. For example, the intent of a
checklist may be to guide the correct assembly of a component, but the design of
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the checklist actually contributes to a significant number of incorrect assemblies
because it is difficult to understand.

Recordings are a fast-moving trend in evidence collection. For security reasons,
if nothing else, more and more organizations are installing video cameras in the
workplace. A 2005 survey by the American Management Association showed that
more than half of the employers who responded use video surveillance at work to
counter theft, violence, or sabotage. Further, 16% of the employers surveyed used
video surveillance to monitor employee performance. The information which is
digitally collected by these cameras provides a wealth of information for collecting
much less biased facts about what happened in the spirit of problem solving (2005).

A common concern with using both voice recordings and video recordings
is confidentiality, and the impact that a perceived loss of confidentiality has on
the person being interviewed. The organization must determine the degree to
which it is willing to give up information quality and/or quantity in exchange for
well-documented interviews. There are also significant legal considerations which
can both assist, and at times constrain, the interviewer that must be considered
when making the decision to record employee performance in the workplace or
interviews associated with a process failure.

35.8
Minimizing the Erosion of Evidence

The erosion of key evidence occurs even with the best designed investigation
processes. That said, there are significant steps that can be taken to help minimize
the potential impact that the erosion of evidence will have on the effectiveness of the
improvements you will propose. Evidence erosion can occur with people evidence,
paper evidence, recordings, in-place evidence – no evidence type is immune.
Additionally, time is the greatest threat when it comes to evidence erosion.

We all recognize the potential for evidence erosion. What we fail to do, however,
is design our investigation processes so that they minimize this erosion potential.
For example, how long does it take for someone to be notified on average when
a problem occurs? Although no quantitative research can be found to answer
this question, multiple informal surveys performed by the present author have
indicated that delays as long as 2 weeks or more do occur, and delays of 2–3 days
are fairly common. Once this person has been notified, do they take a well-rounded
set of actions, to help ensure that key evidence of all four types is effectively
preserved?

People evidence is typically lost simply because we fail to talk to key witnesses
before they leave the jobsite or workplace. Once that person has left the work area,
they will begin to forget key work-related information at a faster and faster rate. As
they interact with others outside the workplace, go to bed and sleep, and get up
to start a new day, they are both consciously and subconsciously either altering or
reinforcing key information related to the problem which had happened the day
before.
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If the investigation process is not designed in a manner which maximizes the
percentage of key witnesses who are interviewed before leaving work that day, a
certain degree of performance improvement potential will be lost. This does not
mean that one should give up on trying to talk to that person – they simply need
to recognize that the information they will be collecting may be altered in some
manner. Two key things which can be done to help avoid people evidence erosion
are to (i) redesign investigation forms to encourage the capture of additional key
information and (ii) require front-line leaders to play a greater role in the immediate
capture of process failure evidence.

The example form shown in Table 35.1 was developed by Jeff Melvin of Exelon
Corporation, an energy services provider, following his participation in a TapRooT

RCA course, using a list of questions that the present author had distributed during
the course.

This example illustrates how key questions (in this case, those which are found
in the TapRooT root cause dictionary), can be presented in a manner that helps
guide the investigator as interviews are conducted, accident scenes are examined,
and key support documentation is reviewed.

Place evidence erodes at the fastest rate. Weather is always an enemy of place
evidence, and rain in particular can quickly erase key information which would
really help in conducting an effective investigation. The desire to keep the facility
in operation often results in key equipment troubleshooting place evidence being
either lost or altered. Simply by moving equipment around, key spatial relations
that would have helped in establishing what went wrong can be lost.

One key tool that helps facilitate the effective collection of place evidence is the
investigation tool kit itself. Numerous examples of possible tool kit content exist,
but as a reference, the National Safety Council suggests that an investigation tool kit
should contain a notebook, colored pens, measuring tape, camera, tape recorder,
copies of key documentation, telephone numbers, personal protective equipment,
and specimen containers (National Safety Council, 2000). In some cases, the use of
digital photography is not allowed during investigations because such photography
is more easily altered than when traditional film is employed.

In order to combat the potential impact of time passing on evidence quality, an
investigation process needs to be well designed, well deployed, and well executed.
For example, front-line leaders have to play a key role in both preserving and
collecting evidence related to a given process failure. Typically, for this to happen,
their job descriptions must be modified to include a definition of the requisite
support activities needed from the front-line leader, the measures used to gauge
their degree of investigation support must be defined, and in many cases their
compensation systems must also be adjusted o reward effective investigation
support. Anything less will result in the loss of key evidence before the official
evidence collectors can get to the work site.

Because paper evidence erosion usually requires intent for it to occur, we tend
to discount its potential for happening at all. Paper evidence erosion can occur
in many forms. Key documents can be lost, key documents can be altered (a
signature added that was not there at the time when the problem happened), and
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key documents can be created post-incident. Although the likelihood of this type
of evidence erosion occurring may be low, the organization would still be wise to
consider this potential when they are designing their investigation process.

35.9
Finding the Root Causes of Incidents and Problems

Although most organizations that desire lower incident levels and practice formal
process improvement have some type of RCA process in place, it is difficult to find
much consensus on what the most effective form of RCA to use is. For example,
Lean Six Sigma is one current process improvement fad. In the Six Sigma Way
Fieldbook (Pande, Neuman, and Cavanagh, 2002), three ways to verify root causes
are presented – one logical, one statistical, and one experimental – within that Six
Sigma methodology. Logical analysis must explain both what we see and what we
should be able to see, but cannot from a process performance perspective. Statistical
analysis involves looking for either correlations or data stratification. Experimental
analysis can be costly, and must be managed effectively in order to produce validated
root causes. The present author would argue that most organizations do RCA in
this latter way – they simply fail to learn from their repeated experiments.

From the present author’s perspective, logical analysis fails to provide or-
ganizations with the degree of data analysis needed to support management
decision-making, as it involves merely thinking through a problem. Statistical anal-
ysis provides the richest form of data, but it is typically the case that the processes
being measured are not conducive to such intense measurement or simply cannot
be isolated from the rest of the system to a sufficient degree to provide such
evidence of ‘‘problem versus fix’’ correlation. In turn, most organizations attempt
to improve their work systems through trial and error – they put a given set of fixes
in place and wait to see if their measures change or not.

In the 2004 edition of Safety Engineering: Principles and Practices, Spellman states
that the two most common fault modeling techniques are called ‘‘failure modes
and effects analysis’’ and ‘‘fault tree analysis.’’ These techniques are just ways of
finding problems and of making plans to cope with failures, as in Probabilistic
Risk Assessment (PRA or PSA) (Spellman, and Whiting 2004). One of the earliest
complete studies using PRA techniques on a commercial nuclear plant was the
Reactor Safety Study (RSS) report prepared by Professor Norman Rasmussen and
a study group for the U.S. Nuclear Regulatory Commission (Rasmussen, 1975).
Organizations have been doing RCA for years, but there is still significant debate
as to which approach provides the greatest benefits of use.

Unfortunately, it is also very common to find organizations that fail to measure
the effectiveness of that formal process which they are using with the intention
of reducing future problems of a similar nature. For example, do you think that
a human error or equipment failure is typically a root cause of a process failure?
In reality it is a rare case that either human error or equipment failure is a root
cause. However, if you examine the RCA results found in projects conducted by



35.10 How to Develop Effective Corrective Actions 929

green belts and black belts – people who have been formally trained and certified
to support a Six Sigma improvement effort (De Feo and Barnard, 2005) – you will
find a high percentage of root causes of this exact nature!

When selecting a formal RCA process for use, consideration should be given
to the design of the RCA process itself. For example, is the process one where
the team uses brainstorming to identify the potential root causes of a problem,
and then uses multi-voting to select what they think are the key root causes to
develop countermeasures for? If one has been trained to ask effectively ‘‘Why?’’
five times, they can obtain very meaningful results. If, however, one attempts to
apply the ‘‘Five Why’’ concept (De Feo and Barnard, 2005) with very little training,
the likelihood of a fix failing increases dramatically.

Another key way to identify the potential for a given RCA process working or not
is to examine the type of emphasis it places on human error and equipment failure.
If the design of the RCA process allows for the definition of human error and
equipment failure as root causes, it is possible that there are also other design flaws
in this process. Attempting to write an effective corrective action which minimizes
the potential for huge future human error first requires a definition of the systemic
reasons that enhanced the potential for such errors.

In a similar sense, when we conduct audits, we typically attempt to write corrective
actions based on the unsafe act or non-compliant condition which was observed.
Going straight ‘‘from human error to fix’’ will result in a very low probability of
corrective action effectiveness and sustainability. Poorly defined root causes lead to
ineffective countermeasures and wasted time, even when they are being defined to
address proactive areas of process non-conformance.

35.10
How to Develop Effective Corrective Actions

Most corrective actions fail because they do not clearly define how a process needs
to be changed to produce different results. Instead, the more common corrective
actions of counseling, retraining, and policy generation are used on a repeated
basis, every day, and in essentially every organization, in the spirit of reducing
risk and improving process performance. Rarely do we measure corrective action
effectiveness, and even more rarely do we take action to improve the effectiveness
of our corrective action development and implementation process itself.

The greatest error that most organizations make is that they assume that the
people they have hired somehow acquired skills for writing good corrective actions
with some other employer. In other words, very few organizations provide training
on corrective action development, and in those that do, it is often the case that
great policy writers end up generating very poor procedures. In order to develop
good corrective actions consistently, such a skill must be practiced, and consistent,
meaningful feedback must be given on the level of skill that is being displayed –
in other words, to what extent was a given corrective action effective in preventing
incident reoccurrence?
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A well-written corrective action clearly defines how a process must be modified,
or a piece of equipment must be altered, in order to reduce the potential for
future human error or equipment failure. Defining how a process is to be modified
typically involves defining a change in steps, the deletion of steps, or the addition
of steps in some form of standard operating procedure. If the work environment
or piece of equipment is to be modified, diligence must be exercised to ensure that
an adequate level of detail is provided. Failing to provide sufficient detail when
making changes of this nature can result in actually making the problem worse
from a man–machine or man versus work environment perspective.

Once the revised rules and direction have been established, a systematic means
of communicating these procedural changes to the workforce must be defined
and executed. A well-written corrective action should also define what formal
mechanisms will be used to gauge (i) if the change was put in place and (ii) if the
change was effective. The CAPA Guidelines perhaps provide the best definition of
a corrective action when they state ‘‘documentation for a corrective action provides
evidence that the problem was recognized, corrected, and proper controls installed
to make sure that it does not happen again.’’ (Global Harmonization Task Force,
2010).

Another factor which significantly affects the improvement potential of a given
corrective action is the resources available to support such improvements as a
whole from a budgetary perspective. A given organization, with a given bud-
get, can only support so much improvement within a given frame of time.
To counter this resource constraint, an effective means of prioritizing correc-
tive actions must be in place. Such an approach should include consideration
of the projected human resource requirements associated with corrective action
implementation.

The more common prioritization approach – assigning a high, medium, or
low priority designation to a given fix – may or may not prove to be effective.
The successful use of such an approach lies in the consistent application of a
standard set of decision-making criteria. Referring to an expected risk reduction
potential is another common approach which is used to prioritize corrective actions
and identify which changes deserve the most resources. According to Heinrich,
Petersen, and Roos (1980), such analysis is based on the premise that the risk of
injury or loss cannot be completely eliminated, that only a reduction in risk or
potential loss can be achieved. Furthermore, any modifications should consider
maximum cost-effectiveness. It is up to the organization to determine the mix of
prioritization criteria that best reflect its strategic goals.

Sound trending systems must be in place to gauge effectively the degree to which
a given corrective action is working. The data that are being trended can come from
audit reports or distributed control systems – the source is not really the point.
Instead, efforts must be made to identify leading indicators of process performance
which will best reflect the potential impact of the fixes we are proposing. The
author has learned over the years that the software being used for trending is
not nearly as critical as the information being captured – spreadsheet software
is typically sufficient. On the other hand, organizations that only trend lagging
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indicators, such as incident frequency rates, will typically fail to identify areas where
improvement is needed until it is too late. Instead, tracking the frequency and type
of unsafe acts and conditions that are observed in the workplace, and performing
Pareto and subsequent RCA on those data to find key problem areas, provide a
much more effective means of measuring the impact of one or more corrective
actions.

Requiring that preventive actions be written along with corrective actions is
one method that organizations have used to increase the likelihood that an
improvement will last over time. According to the CAPA Guidelines (Global
Harmonization Task Force, 2010), ‘‘The documentation for a preventive action
provides evidence that an effective quality system has been implemented that is
able to anticipate, identify, and eliminate potential problems.’’ In other words, how
are you going to answer the question, ‘‘How will you know if it worked?’’ It is
common to include both trend analysis and audit results as key indicators of CAPA
effectiveness.

Mechanisms must be in place to evaluate, and provide feedback relative to, each
corrective action which is written. If such a step is not in place, the probability
of poorly written, low-impact corrective actions floating around in the corrective
action database for an extended period of time increases significantly. In the formal
CAPA system, positions exist to evaluate each CAPA as it is submitted. These
CAPA managers are also expected to provide feedback to the CAPA writers, with
the purpose of improving the effectiveness of future corrective and preventive
actions.

Investigators and investigation teams can also benefit from purposely employing
the use of creativity techniques. In her November 2010 TapRooT Summit pre-
sentation, ‘‘Outside the Box Corrective Actions,’’ Michele Lindsay presented some
of the common barriers to creativity which exist in organizations, such as lack of
time, fear of failure, unclear purpose, and a low readiness for change (Lindsay,
2010). She went on to describe how creativity techniques such as de Bono’s ‘‘Six
Thinking Hats’’ (de Bono, 1985), structured idea generation, and brainstorming
can be used to help develop more effective corrective actions.

The corrective action development and implementation process is a critical
sub-process within the larger investigation process. In order to address effectively
the root causes of process failure in both a reactive and a proactive manner,
investigators must be taught how to write a well-developed corrective action and
how to evaluate the effectiveness of those fixes over time. Investigators must
also make an effort to improve on the effectiveness of existing safeguards before
installing new ones, as this approach is much more cost-effective. It has been
the present author’s experience that the best corrective actions are ones that (i)
specifically define how a work system will be modified to drive behavior change,
(ii) include provisions for verifying that the change has actually been made, (iii)
identify how the change will be communicated to all affected personnel, and (iv)
state the means which will be used to validate the effectiveness of the change that
is being proposed.
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35.11
Tips for Improving an Investigation Process

Tips for improving the effectiveness of an investigation process can be found
throughout this chapter. In summary, however, the following 9 tips are presented
to provide a starting point for improving your investigation methods, along with
the investigation process itself:

• Create a ‘‘swim lane’’ flow diagram of your investigation process – Using any type
of process flow diagram (as in the example in figure 35.1) is necessary if you really
want to generate a standardized approach to conducting effective investigations.
Without such a diagram, is difficult to identify roles and responsibilities which
must be supported in order for the process to work. A swim lane flow diagram
(see Figure 35.1) allows roles and responsibilities to be clearly defined for each
step in the investigation process. Additionally, this diagram can be augmented
with time-based information to help identify the criticality of collecting evidence
as soon as a process failure has been detected and reported.

• Design investigation forms to help collect a well-rounded set of support infor-
mation – Investigation forms are intended to help facilitate the collection of
the right information. In most cases, however, the forms which are in use fail
to capture key information which would greatly contribute to the investigation
process and help reduce the process cycle time. For example, the form may ask
the investigator to identify if an employee was qualified to be performing the
work that was being done when the problem occurred, but most forms usually
fail to ask the investigator to define the actual steps of the qualification process
itself. The end result is that a person is considered by the organization to be
trained, when actually a flawed qualification process may be contributing to
generic performance problems across the job site. The example form provided
in Table 35.1 serves as a good example.

• Expand the set of questions you ask when conducting process analysis inter-
views – There may be cases when it is not practical or you are not able
actually to make changes to the investigation forms that you are required to
use. In such a case, you can still choose to augment the questions you use to
troubleshoot process performance. Types of questions which are typically not
asked, but if asked would greatly aid the investigation, include comparisons of
incident performance with normal performance, comparisons of similar systems,
questions relative to start-of-day work preparation, and on-site analysis of the
different interfaces which existed between people, equipment, and other things
in the environment. Additionally, questions should be asked to explore whether
or not system safeguards, such a checklists, training, work preparation, and
well-written, deployed, and enforced policies, were in place or not.

• Formally train, evaluate, and certify both your investigators and your process
analyzers – Few people are trained to be good investigators or good process
analyzers. At this time, there just are not very many formal providers of education
that are chosen to include such topics in their course curriculums. That being
said, it is up to the organization itself to determine how it trains and evaluates
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the effectiveness of those people to whom it assigns process failure investigation
responsibilities. Without such a formal process, however, the organization can
essentially expect a lot of resources to be invested in a manner which yields
relatively much lower returns.

• Modify job descriptions to reflect investigation process effectiveness responsi-
bility – Most people will change if you ask them to – at least for a while. If
you want personal behavior change to be sustained over time, there are some
key things which must be considered. First, such expectations must be clearly
defined, normally in the job description itself. Second, resources must be pro-
vided to support the individual successfully completing their job description.
Third, measures must be in place to provide the individual and the organization
with feedback to let them know the extent to which these expectations are being
supported.

• Measure and improve the effectiveness of your RCA process – If you are currently
using an opinion-based RCA tool, such as Fishbone diagrams or the Five Whys,
one measure that can be used is to calculate the percentage of root causes which
were verified on first pass with the countermeasures that were defined. This
first pass yield percentage of the root causes selected typically decreases as the
percentage of human error or equipment failure root causes identified increases.
It is also relatively easy to measure the cycle time of the RCA process itself both
in terms of clock-hours and in terms of people-hours invested.

• Measure and improve the effectiveness of your corrective action development
process – Some of the best approaches for developing and implementing
corrective actions can be found in the nuclear energy business, as significant
efforts are made to define, train, and manage towards this goal (Department of
Energy, 2006). Why have such efforts been made? The answer is simple – if
your corrective actions fail to work in this relatively higher risk environment, the
consequences are equally more severe. More importantly, the converse of this
statement is also true – if your corrective actions work, and are sustainable over
time, problems go away for good. You can then choose to invest your limited
problem-solving resources on smaller lower risk problems, but problems that
cost money nonetheless.

• Use quick changeover methodologies to drive effective evidence collection – The
best way to combat the potential erosion of evidence is to develop a pit crew
mentality among your investigative team. Once the team has been notified of an
incident, they need to be able to waste little time and effort to begin collecting
key evidence. More importantly, the front-line leader in the workplace or at
the job site needs to see themselves as part of the investigative team as well.
Without the support of these leaders, key evidence will be lost, even when the
best investigative team is in place and ready to go.

• Trend key indicators of investigation process effectiveness – In order to improve
the effectiveness of any process, including an investigation process, a balanced set
of key process indicators must be both developed and trended over time. Common
indicators for gauging investigation process effectiveness include (i) cycle time
required to complete the investigation in both people-hours and calendar days,
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(ii) investigation quality, as often gauged by an assessment, and (iii) corrective
action impact, which can be determined most often through a shift in either
audit results or process indicators. The first two measures presented here can
be captured each time an investigation is completed. Unfortunately, evidence for
corrective action impact both takes time to collect and can be compromised by
other system shifts, both intended and unintended.

35.12
Conclusion

In the author’s experience, most organizations invest significant time and money
to conduct investigations on a regular basis. Improving an investigation process is
really a question of how that existing time should be spent and how existing systems
need to be changed in order to use that time more effectively. Endless hours have
been spent debating how we can get these problems fixed and what changes need to
be made to keep these problems from coming back, but unfortunately, our tendency
is simply to ask people to change instead of changing the systems themselves
which are encouraging the undesired behaviors and equipment problems. By
developing sound evidence gathering, RCA, and corrective action development
processes, an organization can progress over time from spending their analysis
resources on reactive issues to spending these resources on proactive systems
change.
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