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a b s t r a c t

The present research focuses on the processes of identifying remedial actions subsequent to incidents at
two Swedish nuclear power plants. Data from 106 in-depth analyses were analysed together with inter-
views with event investigators. The results and previous research in the domain indicated a need to fur-
ther develop the process for identifying remedial actions. A method was developed that focuses on
process descriptions and identifications of strengths and weaknesses inherent in the process(es) in which
an incident occurred. The method uses a participatory approach with actors from the relevant process
(es). A case study was conducted which showed promising results. The method is discussed in terms
of generalising to a more process-oriented experience feedback than usually is applied.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The concepts of safety management and safety management
systems subsume a set of more specific activities and supporting
documentation to control safety. Activities often found in safety
management systems include; safety policy, description of respon-
sibilities, safety training, auditing, risk analysis, change manage-
ment, safety standards, procedures and experience feedback
(Amyotte et al., 2007; ICAO, 2013; Wahlström and Rollenhagen,
2013). Among those components, experience feedback by means
of incident reporting and event investigations have traditionally
been perceived as constituting a basic principle for safety manage-
ment. Theories and procedures developed under the heading of
experience feedback have been nourished by parallel develop-
ments in many fields including quality (Juran, 1989; Deming,
1993), organizational learning (Argyris, 1992), knowledge manage-
ment (Davenport, 1994) and safety culture (Reason, 1997). Also
developments in Risk analysis and Human Factors (e.g. human reli-
ability analysis) have served as inspiration for experience feed-
back procedures (e.g. development of categories in reporting sys-
tems, support for event analysis etc. (for a review of HRA methods,
see Bell and Holroyd, 2009).

In spite of its perceived importance as being a component in
safety management, the field of experience feedback is associated
with a host of limiting factors that may reduce its effectiveness
(Kjellén, 2000). Examples of those factors are; the degree of will-
ingness and motivation to report weaknesses/risks, preoccupation
with technological factors at the expense of human and organiza-
tional factors, lack of integration between experience feedback
components and other components in safety management system,
and overly focus on formal aspects at the expense of tacit/informal
knowledge. These are all examples of general difficulties associated
with experience feedback perceived as a broad concept but also
more specific problems have been identified for specific types of
experience feedback, for example regarding event analysis (e.g.
accident and incident investigations) which is the topic of this
study.

Accident and incident investigations is a process consisting of
several stages (Johnson, 2003; Johnson and Holloway, 2003;
Lindberg et al. 2010; Lundberg et al., 2009). Rollenhagen et al.
(2010) found in a study of 108 accident investigators from different
branches in Sweden that the time spent in later phases of accident
investigations was shorter in comparison with earlier phases of
planning, data collection and analysis. Also, in a study of accident
investigation manuals, Lundberg et al. (2009) found that suggest-
ing recommendations received comparatively less attention com-
pared with data collection and analysis. Various problems
associated with suggestions of remedial actions after investiga-
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tions have been observed, for instance; overly simplistic solutions
used for complex problems (Naevestad, 2008) and a tendency to
find a solution for a single root-cause rather than realising that
events have multiple causes (Cooke and Rohleder, 2006). In some
branches, attempts have been made to provide guidance for sup-
porting efficient remedial actions (IAEA-TECDOC-1458, 2005) to
meet these problems. However, by and large, the recommendation
phase of accident investigation is underdeveloped both theoreti-
cally and practically. Johnson (2003: 576) states: ‘‘. . .a relatively
large number of techniques have been proposed to support causal
analysis while only a handful have been developed to help struc-
ture the identification of recommendations. Those techniques that
have been developed are not widely known and tend only to be
applied within particular industries. . .”

In the light of these and similar findings, several authors have
suggested that an enhanced focus should be placed on later phases
of event investigations (Rollenhagen, 2010; Lundberg et al., 2009;
Lindberg et al., 2010). This suggestion served as a motivation for
the present research with a quest to find more effective strategies
for remedial actions after event investigations. Before more specific
research questions will be formulated, we shall here first briefly
discuss some of the theories and assumptions that guided the
research program reported on here.

1.1. Theories and assumptions

As was mentioned above, several domains (e.g. quality, learning
organisations, safety culture, human reliability analysis etc.) have
influenced theories and practices for experience feedback. It is
therefore possible to draw onmany sources of knowledge (theoret-
ical and empirical) in the search for developing an effective process
for development of remedial actions. The following assumptions
and theories formed the basis for the present research.

A first assumption is that an effective process for remedial
action should not only consider observed errors and deviations
but should also give room for exploring normal operation i.e. when
a process functions according to plan. The rationale behind this
assumption can be found in resilience engineering theory
(Hollnagel et al., 2006) and others (e.g. Rasmussen, 1997; Rankin
et al. 2014). In brief, the general idea is that since most processes
succeed far more frequently than they fail, we can learn a lot from
successes and what goes on in ‘‘normal” operation.

A second assumption is based on the idea and supporting
research that safety related information preferably should be
obtained and analysed in a social context that maximises knowl-
edge sharing among relevant stakeholders (Lukic et al. 2010;
Naevestad, 2008; Burke et al. 2006; Naot et al., 2004; Spielholz
et al., 2007; Maslen and Hayes, 2015). This implies, in our interpre-
tation, that the context for suggesting remedial action should con-
sider a broader scope than usually is evoked by a specific event. To
illustrate; if an event occurs and causes and contributing factors
are identified for the specific event, the remedial action process
should not only address the specific causes for failures identified
but also address other factors that supports performance in the
process in which the event occurred (even if these factors were
not directly attributed to the specific event under scrutiny). A
counter argument to this can be that such a broader scope at the
event should be apparent in root-cause analysis since in-depth
analysis should attempt to find common cause factors at a higher
(system) level. However, most ‘‘root-causes” are usually derived
from an analysis of apparent direct causes which become a bias
toward the specific failures found in the specific event. For exam-
ple, an analysis may reveal a lack of competence as a direct cause
and direct attention to the general system for competence manage-
ment and miss that the process involved in the event present a

much more salient weaknesses that was not detected because it
was not involved in the particular event.

A third assumption concern accident theory and the proposal
that negative events often are preceded by an incubation phase
where latent weaknesses are accumulated until they are released
by active failures (Reason, 1997; Turner 1978; Pidgeon and
O’Leary 2000). But how should we go about to detect such latent
accumulated weaknesses with the help of analysis of specific
events? Again, we propose that if the event analysis should take
a broader scope, we may increase the probability to find latent
weakness. When events happen, there is usually higher motivation
to address safety issues in an organisation compared to calm nor-
mal operation. This means that events usually support a safety
motivation that is not always apparent otherwise.

Together the assumptions above support the conclusion that
event investigations and associated remedial actions should take
broader view than the common practices to focus on the causes
and weaknesses perceived in a specific event. Of course, a well-
functioning experience feedback system should have strategies in
place to position specific events in a broader context and use dif-
ferent safety management components to support such a view.
Previous studies have found that such integrated practices (and
other systems) are not utilized to the extent that they could. For,
example Rollenhagen et al. (2010) found that a majority of event
investigators did not make efficient use of information from other
safety management components (risk analysis, indicators, audit
reports etc.) when conducting in-depth events analysis. In fact,
many safety management systems are not particularly integrated
in our view different groups (auditing, risk analysis, event statistics
etc.) may run their operations relatively separated from each other.
We propose that in depth-event investigations may serve as a suit-
able context for intergradation of safety management components
since specific events usually support an enhanced safety con-
sciousness in organisations.

The arguments above could be taken as a motive to support the
analytical (problem finding) phase of event investigation and make
this face broader and more integrated. However, we suggest other-
wise and argue that focusing on remedial actions is a more suitable
strategy given that it is combined with a second analytical phase. In
the first analytical phase focus should be on the specific event –
this is what normally is expected by different stakeholders. Ques-
tions like: What happened? Why did it happen? How could similar
events be prevented? are all reasonable for this analytical phase.
The second analytical phase, we suggest, should broaden the dis-
cussion by suggesting remedial actions that can prevent the speci-
fic factors that were involved in the event but also study the
process in which the event occurred and suggest actions that will
strengthen the whole process.

Based on the above assumptions and previous empirical work
we can formulate the following research questions: How can a pro-
cess for remedial actions in the context of in-depth event analysis
be constructed to meet the demands of; (a) obtaining information
about supporting functions (and their quality) during normal oper-
ation in the process in which the event occurred; (b) create a suit-
able context for discussion, learning and informal exchange about
the context in which the event occurred? This process should be
constructed to support discussion of latent weak factors found in
the relevant processes as well as supporting adaptive processes
normally used to cope with observed latent weaknesses.

2. Research program

In order to answer the research question above a program was
formulated according to the following rationale: The objects for the
research were two nuclear power plants in Sweden. Both plants
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