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ABSTRACT: Recent accidents and near-accidents, such as the capsizing of the anchor handling vessel Bourbon
Dolphin in 2007 and the unintended list of the drilling rig Scarabeo 8 in 2012, underline the need for addressing
sensemaking in safety-critical situations within the maritime domain. This paper is a literature review to answer
the research question: What are the characteristics of sensemaking and resilience in safety-critical situations?
The aim was to establish more knowledge on sensemaking in safety-critical situations and the relationship be-
tween sensemaking and resilience. The majority of authors provide definitions based on Weick's work on sense-
making, describing sensemaking as a social process, involving the extracting of cues and enactment to create
meaning to events retrospectively. Few authors provide descriptions that characterise sensemaking in safety-
critical situations. There is a lack of literature regarding sensemaking in safety-critical situations in the maritime

domain that addresses the issues of training and human-machine interactions.

1 INTRODUCTION AND OBJECTIVE

1.1 Background

This literature review is part of a research project
(SMACYS) that addresses the issue of sensemaking in
safety-critical situations within the maritime domain.
The aim of sensemaking processes in an organisation
is to provide meaning to an event or situation in a
given context. In such situations, sensemaking can be
a source of resilience, in that it enables a person or a
crew to "bounce back™ when put under stress. Hence,
the review not only focuses on sensemaking in safety-
critical situations, but also on how the literature de-
scribe the relationship between sensemaking and re-
silience. This paper describes the search strategy and
presents the results from the literature review.

1.2 Purpose and research question

The purpose of the review was to answer the research
question: What are the characteristics of sensemak-
ing and resilience in safety-critical situations? This
was done by establishing a knowledge base on sense-
making in safety-critical situations, and by exploring
the relationship between sensemaking and resilience.

In addition, we wanted to examine whether this liter-
ature addresses sensemaking in relation to training or
human-machine interaction (HMI). This review is not
specific to the maritime domain, but it was of interest
to be able to later narrow it down to maritime opera-
tions.

1.3 Concepts and definitions

Sensemaking and resilience are two central concepts
in this study, both of which have been approached
within different theoretical frameworks. In the fol-
lowing, we provide definitions and explanations for
these terms, as well as for our use of the term safety-
critical.

1.3.1 Sensemaking
Sensemaking has been of interest in the on-going re-
search project, since the concept supports the idea that
human actors in safety-critical operations and their
actions are dependent on the whole socio-technical
systems consisting of organisational, technological
and human factors.

The concept of sensemaking started to emerge in
organisational literature in the late 1960s (Maitlis &
Christianson, 2014), but was made prominent by Karl



E. Weick in 1995 with his seminal book Sensemaking
in Organizations. In this work, Weick summarised
the sensemaking research up to that point and pre-
sented seven key properties of sensemaking; 1)
grounded in identity construction, 2) retrospective, 3)
enactive, 4) social, 5) ongoing, 6) focused on and by
extracted cues, and 7) driven by plausibility rather
than accuracy. Sensemaking has since been the sub-
ject of considerable research and there is an extensive
variation in how the term is defined in the organisa-
tional literature (Maitlis & Christianson, 2014).

Weick et al. (2005) describe sensemaking as "a se-
quence in which people concerned with identity in the
social context of other actors engage ongoing circum-
stances from which they extract cues and make plau-
sible sense retrospectively, while enacting more or
less order into those ongoing circumstances” (p. 409).
Maitlis & Christianson (2014) developed a definition
of sensemaking rooted in recurrent themes found in
their literature review: "A process, prompted by vio-
lated expectations, that involves attending to and
bracketing cues in the environment, creating intersub-
jective meaning through cycles of interpretation and
action, and thereby enacting a more ordered environ-
ment from which further cues can be drawn" (p. 67).
There are several factors that can influence sensemak-
ing. Sandberg & Tsoukas (2015) found from their lit-
erature review that context, language, identity, cogni-
tive frameworks, emotion, politics and technology
constitute the main factors.

Sensemaking is thus a process triggered by ambig-
uous events that interrupt an ongoing activity and
make individuals question what is going on. Individ-
uals will extract cues from the environment that are
interpreted and they act on those interpretations and
revise them through the consequences of their ac-
tions. This is an ongoing cycle and according to
Weick (1995) sensemaking never starts or stops as
people are always in the middle of things. The events
that trigger sensemaking can range from unplanned to
planned events and from minor to major events
(Sandberg & Tsoukas, 2015).

Sensemaking has been described as an individual
cognitive process that has to do with interpretation
and development of mental models (Elsbach et al.,
2005). However, Weick (1995) described sensemak-
ing as a social process where people actively shape
each other’s meanings, and argued that even individ-
ual sensemaking is influenced by the actual, imagined
or implied presence of others.

The concept has traditionally been seen as a retro-
spective activity that occurs as people look back on
action that has already taken place (Maitlis & Chris-
tianson, 2014). Weick (1995) argued that people can
know what they are doing only after they have done
it. The notion of prospective sensemaking (i.e. con-
sideration of impact of actions) has long been a part
of the literature (Gioia et al., 1994). In recent years
prospective or future-oriented sensemaking has

gained more attention (e.g. Gephart et al., 2010; Ros-
ness, Evjemo, Haavik & Werg, 2016).

1.3.2 Resilience

The commonly used definition of safety has been
"freedom from unacceptable risk". In resilience engi-
neering safety is defined as the ability to succeed un-
der varying conditions (Hollnagel et al., 2011). Resil-
ience Engineering is concerned with understanding
the normal functioning of socio-technical systems
and how they perform under varying conditions.
Thus, performance variability is not a threat that
should be avoided by the use of constraining means;
in complex socio-technical systems variability is con-
sidered normal and necessary. In this view it is
equally important to study things that go right as
things that go wrong, with the aim to reinforce the
variability that leads to positive outcomes (Hollnagel
et al., 2011). Ibid define resilience as "the intrinsic
ability of a system to adjust its functioning prior to,
during, or following changes and disturbances, so that
it can sustain required operations under both expected
and unexpected conditions™ (p. 275).

According to Hollnagel et al. (2011), there are four
corner-stones that characterise resilient systems: 1)
the ability to respond to events, 2) to monitor ongoing
developments, 3) to anticipate future threats and op-
portunities, and 4) to learn from past failures and suc-
cesses alike.

1.3.3 Safety-critical

In this paper, we use the term safety-critical situation
or safety-critical operation to denote situations or op-
erations that, if they go wrong, have a large potential
for causing harm to people, property or environment.

2 METHODOLOGY

A literature search was conducted to establish a
knowledge base on sensemaking in safety-critical sit-
uations, as well as the relationship between sense-
making and resilience. Literature was obtained
through Boolean searches of the following interdisci-
plinary databases: Scopus, Web of Science, Google
Scholar and Oria. Based on the objective of the study,
the keywords sensemaking, resilience and safety-crit-
ical were selected as the most relevant. In addition,
some of the searches in the abstract databases, Scopus
and Web of Science, included the keyword maritime.
To capture variations in these keywords, more spe-
cific search terms were used as shown in Table 1. Dif-
ferent combinations of the terms in Table 1 were used
due to different search approaches in the various da-
tabases. Broad search terms (e.g. "high-risk™) were
used when searching the abstract databases, Scopus
and Web of Science, whereas searches in Google
Scholar and Oria were conducted using more specific
terms (e.g. "high-risk situation").



Table 1. Search terms
Keyword Search terms

Sensemaking
Resilience
Safety-critical

sensemaking; sense-making; sense making
resilience; resiliency; resilient

safety-critical; safety-critical situation(s);
safety-critical operation(s); safety critical;
safety critical situation(s); safety critical oper-
ation(s); high-risk; high-risk situation(s);
high-risk operations(s); high risk; high risk
situation(s); high risk operation(s); hazardous;
hazardous situation(s); hazardous operation(s)

Maritime maritime; at sea; boat; vessel; offshore

To avoid an excessive amount of search results,
general searches in Google Scholar covered all three
keywords of sensemaking, resilience and safety-criti-
cal. When searching the abstract databases, and when
using the "all in title" function in Google Scholar,
search terms related to two of the three keywords
were used. To be included, the documents either had
to address sensemaking in the context of safety-criti-
cal situations or operations, or discuss a relationship
between sensemaking and resilience. For this reason,
documents discussing sensemaking in other contexts
were excluded. So were documents that primarily dis-
cuss resilience and that do not relate to the notion of
sensemaking. We did not include books in this litera-
ture review, and a few papers were excluded as we

Going through the identified documents, we found
some key references that we included in this review
as background (i.e. not included in Table 2).

3 FINDINGS FROM THE LITERATURE
REVIEW

The literature search resulted in 33 documents that
were included in the review. See Table 2 for the com-
plete, chronologically listed, literature overview. As
can be seen from the table, the reviewed literature in-
cludes 25 articles published in peer-reviewed scien-
tific journals, four papers presented at international
conferences, workshops or symposiums, three theses
and one working paper.

No inclusion criteria were applied regarding pub-
lication year. The results clearly indicate that the use
of the term sensemaking in the context of safety-crit-
ical situations, or in relation to the term resilience, is
relatively recent. Except from the papers by Weick
(1993), Gephart (1997) and Beunza & Stark (2004),
the rest of the included literature was published in the
ten-year period from 2009 to 2018.

In addition to the 33 publications in Table 2, we
have also included often cited key research, among

requested, but did not receive, the full-text.

Table 2. Overview of the literature

others Weick (1995) and Endsley et al. (2003).

Author(s) Year  Publication type Topic

Weick 1993  Journal paper Disruptions of sensemaking

Gephard 1997  Journal paper Quantitative sensemaking during crises

Beunza & Stark 2004  Working paper Organisational resilience in a Wall Street Trading Room After 9/11
Furniss et al. 2009  Workshop paper Reflection in the control room during safety-critical work

Baran & Scott 2010  Journal paper A grounded theory of leadership and sensemaking

Bergstrom 2012  PhD Thesis Aspects of organisational resilience in escalating situations

Grgtan & Stgrseth 2012  Conference paper Integration of organisational resilience into safety management
Hayes 2012  Journal paper Operator competence and capacity in complex hazardous activities
Lundberg et al. 2012  Journal paper Resilience in sensemaking and control of emergency response

Sanne 2012  Journal paper Learning from adverse events in the nuclear power industry

Hutter & Kuhlicke 2013  Journal paper Understanding resilience in the context of planning and institutions
Rankin 2013  Licentiate’s Thesis Adaptive performance and resilience in high-risk work

Rantatalo 2013  Thesis Sensemaking and organising in the policing of high-risk situations
Rankin et al. 2014  Journal paper A framework for analysing adaptations in high-risk work

Busby & Collins 2014  Journal paper Sensemaking about risk control in offshore hydrocarbons production
Haavik 2014  Journal paper The nature of sociotechnical work in safety-critical operations

Norros et al. 2014  Journal paper Operators’ orientations to procedure guidance in NPP process control
Saleh et al. 2014  Journal paper Safety diagnosability and observability of hazards in design

van den Heuvel et al. 2014  Journal paper Police strategies for resilient decision-making and action implementation
Barton et al. 2015  Journal paper Contextualised engagement in wildland firefighting

Dahlberg 2015  Journal paper Exploration of resilience and complexity

Grgtan & van der Vorm 2015  Symposium paper Conceptual approach to operational and managerial training of resilience
Hunte et al. 2015  Symposium paper Dialogic sensemaking as a resource for safety and resilience

van der Beek & Schraagen 2015  Journal paper Adaptability and performance in teams to enhance resilience
Danielsson 2016  Journal paper Cross-sectorial collaboration in a potentially dangerous situation

Jahn 2016  Journal paper Adapting safety rules in high reliability contexts

Hoffman & Hancock 2017  Journal paper How to measure resilience

Landman et al. 2017  Journal paper A conceptual model for pilot's ability to deal with unexpected events
Lofquist et al. 2017  Journal paper Why different sub-cultures interpret safety rule gaps in different ways
Siegel & Schraagen 2017  Journal paper Making resilience-related knowledge explicit through team reflection
Takeda et al. 2017  Journal paper Developing resilience in disaster management promoting sensemaking
Teo et al. 2017  Journal paper How leaders utilise relationships to activate resilience during crisis
Favard & Saleh 2018  Journal paper Temporal logic for safety supervisory control and hazard monitoring




The following chapters describe how this literature
use the term sensemaking; how it characterises sense-
making in the context of safety-critical situations; and
how it describes the relationship between sensemak-
ing and resilience. In addition, we describe the few
issues we have found of sensemaking in relation to
training, human-machine interface, the maritime do-
main and design/development

3.1 The use of the term 'sensemaking’

As outlined in chapter 1.3.1, the concept of sensemak-
ing does not have one single definition. Weick (1995)
stated that "(...) people can make sense of everything.
This makes life easy for people who study sensemak-
ing in the sense that their phenomenon is everywhere"
(p. 49). For this reason, we started the review by tak-
ing a closer look at how the various authors of the in-
cluded literature use the term.

In 1993, Weick reanalysed the Mann Gulch fire
disaster in Montana in which 13 firefighters died.
Here he provided analyses of sensemaking as a ge-
neric phenomenon, explaining that “the basic idea of
sensemaking is that reality is an ongoing accomplish-
ment that emerges from efforts to create order and
make retrospective sense of what occurs” (p. 635). He
further uses the example of Mann Gulch to argue that
sensemaking is about contextual rationality and that
itis "built out of vague questions, muddy answers and
negotiated agreements that attempt to reduce confu-
sion" (Weick, 1993, p. 636).

As described by Maitlis & Christianson (2014), the
term sensemaking is often used without any associ-
ated definition from the literature, and when defini-
tions are provided there are a variety of meanings as-
serted to it. Correspondingly, in our study we found
that several authors include sensemaking as a general
notion and do not provide any associated definition
(e.g. Favaro & Saleh, 2018; Saleh et al., 2014; Sanne,
2012). Some provide references to the work of others,
but without reproducing the actual definition (e.g.
Grgtan & van der Vorm, 2015; Jahn, 2016).

However, most of the papers in this review provide
definitions or references based on Weick's work on
sensemaking, describing sensemaking as a social pro-
cess, involving the extracting of cues and enactment
to create meaning to events. These include, among
others, the work of Baran & Scott (2010), Danielsson
(2016), Hayes (2012) and Tekeda, Jones & Helms
(2017).

Some describe sensemaking as a more cognitive
process and refer to Klein's macro-cognitive/data-
frame model (Hoffman & Hancock, 2017; Siegel &
Schraagen, 2017), whereas others refer to the work of
both Weick & Klein (e.g. Landman et al., 2017; Nor-
ros et al., 2014; Rankin et al. 2014).

Some authors describe sensemaking as a process
building and supporting situational awareness
(Lundberg et al., 2012; van den Heuvel et al., 2014).

Situational awareness being a tactical (short term is-
sue) while sensemaking is a broader strategic concept
(long range issue) creating and supporting under-
standing. In his paper on sensework, Haavik (2014)
uses the definitions of Weick to explain how sense-
making is a theoretical, generic framework that ad-
dresses mental processes and aspects of work. Alter-
natively, a few papers focus on the Cynefin
sensemaking framework described in the work by
Kurtz & Snowden (2003) (Dahlberg, 2015; Grgtan &
Starseth, 2012).

The concept of sensemaking has traditionally, and
in accordance with the work of Karl E. Weick, been
described as retrospective in the sense that we make
sense of our actions and experience after they have
occurred. Most of the literature in this review uses the
notion of sensemaking accordingly, often referring to
Weick when doing so (e.g. Baran & Scott, 2010;
Rantatalo, 2013; Teo et al., 2017). However, a few of
the authors use the term in a more future-oriented
sense. As an example, Barton et al. (2015) introduce
the term of proactive leader sensemaking, arguing
that leaders in particular play a critical role in creating
and maintaining a context for actively managing un-
certain contexts.

3.2 Characteristics of sensemaking in the context of
safety-critical situations

There are several factors that can influence sensemak-
ing; context, language, identity, cognitive frame-
works, emotion, politics and technology (Sandberg &
Tsoukas, 2015). Thus, in the context of a safety-criti-
cal situation there might be characteristics of sense-
making other than or more prominent than the char-
acteristics of everyday sensemaking. For instance, it
might be expected that strong negative emotions like
stress and fear would be influential on sensemaking
in such circumstances. However, the literature found
in this review did not discuss these characteristics ex-
plicitly.

In his analysis of the Mann Gulch fire disaster
Weick (1993) describes the disaster "was produced
by the interrelated collapse of sensemaking and struc-
ture”. The smokejumpers expected to find a fire that
they would have control over within the next morn-
ing. This positive illusion prohibited them from mak-
ing sense of the cues in their environment contradict-
ing this expectation. Weick describes unclear roles,
identity issues and in the end the intense emotion of
panic that led to the disintegration of the group and to
the primitive tendency to flight. Unfortunately, this
response was too simple to match the complexity of
the fire and 13 men lost their lives.

After completing a field study of 80 interviews,
Busby & Collins (2014) categorised the many ways
of acting through which informants made sense of the
risk control task. The authors provide explanations to
each of their 32 categories, but elaborate on the five



more commonly used. These are 1) being circum-
scribed (constrained, realistic, moderate), 2) being en-
gaged (closely involved, concerned), 3) being reso-
lute (rapid, and consistent in acting) 4) being
socialised (social outcomes and systems of social ob-
ligation), and 5) being solicitous (seeks opinion and
external references). The authors use their qualitative
findings to suggest that the sensemaking of organisa-
tional members is simultaneously optimistic and pes-
simistic about the capacities of social organisation to
manage risk. This balance is, however, not of individ-
ual sensemaking and is not a deliberate choice.

Lundberg et al. (2012) explored a model for de-
scribing and studying resilience in management of
safety-critical/irregular events. The model was based
on changes in the ongoing process, the actors sense-
making and control functions and the technology used
for sensemaking and control. The model helped to
identify resilience building processes and sources of
resilience emergency responses.

Several other authors describe the characteristics
of sensemaking by describing it in terms of how it re-
lates to the concept of resilience. This is the topic of
the following chapter.

3.3 The link between sensemaking and resilience

As described in the introduction, one goal was to es-
tablish a knowledge base on the relationship between
the two concepts of sensemaking and resilience.

In his reanalyses of the Mann Gulch fire disaster,
Weick (1993) states that the disaster was produced by
the interrelated collapse of sensemaking and struc-
ture. Weick mentioned the importance of nonstop talk
as a critical source of coordination in complex sys-
tems. He proposes four potential sources of resilience
that "make groups less vulnerable to disruptions of
sensemaking™ (p.628). These include improvisation
and bricolage, virtual role systems, the attitude of
wisdom, and norms of respectful interaction. Thus,
from this perspective, resilience is core to maintain-
ing sensemaking in critical situations.

Other authors argue that sensemaking is an im-
portant source to achieving resilience. Through their
review of disaster management literature, along with
illustrative examples from global disasters, Takeda et
al. (2017) highlight the importance of resilience in
disaster management. They argue that heedful inter-
relating and sensemaking are two of the central tenets
of resilience research and that a greater attention to
resilience in the disaster management process could
be achieved through a focus on the development of
sensemaking and heedful interrelating. Takeda et al.
(2017) conclude that future research is needed to fur-
ther understand resilience and sensemaking.

Rankin (2013) draws lines between Hollnagel's
four central abilities to characterise a resilient system
and the sensemaking capabilities of seeking infor-
mation, ascribing meaning and action as described by

Gretan et al. (2008). In a paper from the same year,
Rankin and her co-workers present a framework for
analysing adaptations in high-risk work (Rankin et
al., 2014). Here they explain how sensemaking vari-
ety "includes the ability to process information and
revise it as the world changes, given contextual con-
straints and the experience and knowledge of the in-
dividuals involved” (p.84). Thus, sensemaking is im-
portant for adaptive behaviour, which in turn is a
prerequisite for resilience. They focus on the im-
portance of observing sharp-end adaptations as criti-
cal to identify system brittleness and resilience.

Others suggest that sensemaking plays an im-
portant role in accomplishing tasks that facilitates or-
ganisational resilience, especially when the sense-
making is carried out by leaders (Teo et al., 2017).
According to Hunte et al. (2015), "shared (social)
sensemaking creates and nourishes common aware-
ness and understanding of the ‘operating point’, and in
so doing facilitates coordination and safer perfor-
mance. This is an essential condition for the emer-
gence of safety and resilience™ (p.1). Similarly, van
der Beek & Schraagen (2015) list sensemaking, or sit-
uation assessment, as one of several team resilience
abilities. However, they do not provide a thorough
discussion on sensemaking as such.

The sensemaking perspective is also used in the
literature as a means to analyse or explain resilience.
According to Bergstrom (2012) "the development of
a theoretical framework for analysing organisational
resilience in escalating situations needs to relate to the
explanatory potential of sensemaking theory" (p. 8).
To enhance a dynamic understanding of resilience,
Hutter & Kuhlicke (2013) analyse its elusive charac-
ter from a sensemaking perspective. In their paper, re-
silience is understood as a "content of sensemaking
processes in the context of a crisis” (p. 294). The au-
thors state that the work of Weick in 'sensemaking in
organisations' on the one hand and 'resilience' on the
other is only loosely coupled, and they connect the
two a bit more explicitly for planning research about
resilience. To understand how groups, organisations
and networks make sense of resilience in the context
of a crisis, one should consider the four processes of
committing to resilience, expecting resilience, argu-
ing about resilience and manipulating with resilience.
These are referred to as sensemaking processes in
planning research and practice (Hutter & Kuhlicke,
2013).

In their paper, Lundberg et al. (2012) study resili-
ence in the context of sensemaking and control in
emergency management of irregular emergencies,
and proposes an emergency management analysis
model. The model unifies and complements existing
models by explicitly modelling resilience factors and
the actors 'sensemaking and control functions and
technologies' variety. Other authors using sensemak-
ing theory to describe aspects of resilience, is Siegel



& Schraagen (2017). In their article on team reflec-
tion, they make an attempt to use reflection and the
data-frame theory of sensemaking to show the rela-
tionship between knowledge and resilience.

Finally, Hoffman & Hancock (2017) aim to pro-
mote a discussion on how to measure resilience. They
explain how sensemaking provide information to the
work system about whether and when the system
needs to change its understanding of problem situa-
tions, and further argue that this means that "adaptive
and resilient sensemaking requires mechanisms for
recognizing anomalies and situations that mandate
change" (p. 571).

3.4 Sensemaking as a basis for change, innovation,
creativity and design

The literature has indicated how sensemaking sup-
ports innovation, design and creativity. Sensemaking
has often been limited to an organisational context,
seldom discussing issues such as system design.
Saleh et al. (2014), point out that safety science seems
to have drifted from the engineering and design side
of system safety towards organisational and social
sciences or refinement of probabilistic models. To
improve safety and resilience in safety-critical opera-
tions, we must have a broad based approach involving
the socio-technical system, and also how cues and
prospective sensemaking can be enabled from the de-
sign phase on.

It is also mentioned that sensemaking is a key pro-
cess for learning in organisations, teams and individ-
uals (Maitlis & Christianson, 2014) — one challenge
is to use new information rather than engage in sense-
making based on prior beliefs. Sensemaking is also
concerned with new meanings that can underpin new
ways of organizing, understanding and design. When
sensemaking of organisational members are im-
pacted, the participants are motivated to change their
own roles and practices. This has especially been sup-
ported by looking at interpretations and actions
through the process of action research, Greenwood &
Levin (2006).

3.5 Topics partly covered in the literature review

Accident reports have shown that insufficient training
and poor HMI may impair sensemaking processes
and thus lead to incidents and accidents. After the in-
cident at Scarabeo 8 the investigation report attributed
the incident to insufficient training of control room
personnel and weaknesses in the control room's hu-
man-machine interface (Ptil, 2012). As discussed by
Endsley et al. (2003) human-machine-interface is a
key factor shaping operator performance, via con-
cepts like sensemaking and situation awareness. We
thus expected some of this literature to addresses
sensemaking in relation to training or HMI. However,
we did not find much relevant literature through our

review. In the following, we have summarised our
findings related to training, HMI and sensemaking in
safety-critical situations within the maritime domain.

Not many of the reviewed documents look at ways
of training to improve sensemaking. However,
Takeda et al. (2017) focus on building capacity for
individual actors to interrelate in a heedful manner. In
Saleh et al. (2014) it is mentioned that the ability to
diagnose hazardous states provides one way to im-
prove operators’ sensemaking and situational aware-
ness after an adverse event. It is synergetic with or-
ganisational factors in support of accident prevention,
particular safety training, that can be shaped by in-
cluding off-nominal conditions. Rantatalo (2013) de-
scribes how observations that were carried out were
targeted joint police management training in the set-
ting of full-scale simulated scenario, arguing that
"from sensemaking and organisational reliability per-
spectives, high-strain situations like that described
above offer a possibility to observe interaction pat-
terns during incident management in a realistic set-
ting" (p. 55). One of the conclusions drawn in the pa-
per by Landman et al. (2017) about dealing with
unexpected events on the flight deck, is that interven-
tions should focus on “increasing pilot reframing
skills (e.g. through the use of unpredictability in train-
ing scenarios)" (p. 1161). The authors propose a con-
ceptual model for explaining pilot performance in
surprising and startling situations; a model that can be
used to design experiments and training simulations.
However, several of the reviewed papers discuss
training that is aimed at enhancing resilience (Berg-
strom, 2012; Grgtan & van der Vorm, 2015; van der
Beek & Schraagen, 2015).

Siegel & Schraagen (2017), describe processes
and HMI tools to make boundaries explicit in railway
operations. In the maritime sector the ability to handle
demanding operations safely is increasingly depend-
ent on ICT-based control systems, e.g. dynamic posi-
tioning and ballasting. Hence, the impact of HMI on
sensemaking is an important topic for our project.
However, few of the documents covered by this liter-
ature review address this issue. Relevant, but brief,
discussions on such interaction are made in the papers
by Dahlberg (2015), Landman et al. (2017) and Sanne
(2012).

Furthermore, almost none of the identified publi-
cations on sensemaking in safety-critical situations
are related to maritime operations. A couple of the pa-
pers discuss sensemaking in the context of offshore
oil and gas production (Busby & Collins, 2014,
Hayes, 2012). The doctoral thesis by Bergstrom
(2012) is the only publication in our review that is re-
lated to navigation and shipping, although not specif-
ically concerning sensemaking.



3.6 Limitation of the review

Our findings should be considered in light of the lim-
itation in the search terms. In addition to the search
terms related to the keyword safety-critical, we could
have included surprising, emergency, etc. Also, we
could have obtained interesting findings had the re-
view included papers on situational awareness. How-
ever, we chose to keep this review focused on the
terms of specific interest for our project.

4 DISCUSSION AND CONCLUSIONS

The current literature review aimed at describing how
the selected literature use the term sensemaking; how
it characterises sensemaking in the context of safety-
critical situations; and how it describes the relation-
ship between sensemaking and resilience.

We found that several authors use the term sense-
making without providing a definition, and those who
do refer to Weick's work describing sensemaking as a
social process, involving extracting cues and enact-
ment to create meaning to events retrospectively.

Sensemaking and resilience were found to be de-
scribed as related in the reviewed literature. Sense-
making creates the context for being resilient; at the
same time sources of resilience, such as redundancy
(i.e. redundant clues), help to make sense of the situ-
ation. Lundberg et al. (2012) have suggested a model
for resilient sensemaking, exploring changes in the
ongoing process, the actors sensemaking and control
functions and the technology used for sensemaking
and control. However, little is written on the issue of
sensemaking in safety-critical situations that also
concern aspects of training, human-machine interac-
tion or the maritime domain; thus, we a see a need to
increase our knowledge in these areas by observation
studies and targeted literature reviews.

Sensemaking is seen as a long term strategic pro-
cess, creating understanding. There has been a discus-
sion whether sensemaking is something that happens
inside the individuals' heads or if it is a social con-
struct. In our further work, we would like to explore
sensemaking as a social construct, impacted by or-
ganisations, technology and human factors. Also,
sensemaking has been described as both a retrospec-
tive and a prospective process. We would like to build
on the research of prospective sensemaking to under-
stand how to build resilience through future actions.

Sensemaking is accomplished through perceiving
cues, creating meaning/learning (trough interpreta-
tions and actions) as discussed in Maitlis & Christian-
son (2014), thus it is dependent on responsibilities,
procedures, training and technology (such as human
machine interactions). However, unexpected or
safety-critical situations do not necessarily trigger
sensemaking; it happens when there is a discrepancy

from what one expects. The expectations are influ-
enced by the amount of experience, training and the
degree of questioning attitude, i.e. in line with exist-
ing group norms or organisational culture.
Discrepancies must also be supported by design,
I.e. having redundant systems that can reveal discrep-
ancies, and by training to ensure a questioning atti-
tude. This is in line with sensemaking in HRO - High
Reliability Organisations, where practices such as

"preoccupation with failure”, "reluctance to simplify"
and "sensitivity to operations” support the explora-
tions of cues and interpretations (Weick & Sutcliffe,
2011).

Further work in the project will focus on how to
strengthen the loop of perceiving cues, creating inter-
pretations, assert meaning to events taking actions.
Further, how to improve the design of interfaces be-
tween automation (i.e. HMI and procedures) and how
to train to facilitate sensemaking and resilience.
Through this work, we aim to contribute to improve
the ability to handle safety-critical situations in de-
manding maritime operations.
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