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ABSTRACT

Many governmental agencies are currently engaged in activities to
improve access to information which are encouraging recent Big Data
(BD) trends. However, determining and demonstrating the benefit
to emergency management information systems (EMIS) users has
yet been realised. EMIS are critical to navigating a complex network
of disparate IS used for real time, coordinated decision-making
among agencies. Two significant challenges to incorporating BD
analytical, visual, and predictive capabilities are mutual acceptance
and system integration. This paper looks at the underlying principles
of organisational mindfulness (OM) demonstrated in the convergence
of EM processes, systems, and organisations in decision-making. The
investigation proposes a design science research in information
systems (DSRIS) approach to build an IS artefact for EMIS evaluation.
Critical immediacy of information and decisions require adherence to
processes which build capabilities to support EMIS users. This adds a
layer of complexity to ISDT for EMIS, yet may equally lead to broader
BD acceptance and integration.
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1. Introduction
Many governmental agencies in the US, Europe and Asia are recognising the importance of
data analytics for emergency management (EM) (Pu & Kitsuregawa, 2013), yet the practical
uses of Big Data are yet to be determined. Starting with questions as to readiness of the EM
domain to integrate such technologies. Big Data trends may encourage better and broader
integration of data to: (1) understand patterns of threat and hazards; (2) determine trends
for exposure and vulnerability; and (3) associate data for EM lifecycle activities in preparedness, response, recovery and mitigation. However, it becomes difficult to argue for increased
use of complex data streams and analytical technologies when organisations are still challenged with transforming data for the purposes of information sharing. While a focus on the
benefits of big data may actually improve the capabilities of EM decision-making, that data
has to be appropriately integrated in the organisational processes and systems to ensure
broader acceptance and proliferation.
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IS researchers agree that a computer-based systems and their design ‘ought to be informed
by an understanding of the cognitive processes involved in responding to unanticipated
contingencies (Mendonca, Beroggi, & Wallace, 2001, p. 31)’ for them to be effective and
adapted for decision support. The emergence of technological capabilities to support cognitive processes should account for existing EM organisational processes which also support
decision-making. By positioning BD analytics aptly within these processes and system use,
the benefits to EM decision-making among multiple agencies can be realised. This conceptual paper examines organisational mindfulness (OM) as a kernel theory for design science
research in information systems (DSRIS) to enhance the understanding of system supported
EM decision-making. OM is presented and refined to create a design theory for emergency
management information systems (EMIS), a class of artefacts which support highly cognitive,
real-time, collaborative group decision-making.
This article considers the opportunity that big data presents in improving EM decision-making for the purposes of enhancing capabilities of multiagency coordination within
operational centres, where the use of multiple and disparate data sources have traditionally
hindered operations. This prompts the question: can Big Data be a key to improving situational
awareness and the common operational picture that many EM organisations strive to establish
and maintain? The paper is organised as follows. Section two describes challenges and opportunities for EM decision-making posed by Big Data. Section three presents OM as a process
oriented approach to designing EMIS which support the containment or anticipation of
unexpected incidents and emergencies. Section four presents a discussion of design theory
for EMIS utilisation based on an introspection of capability-based performance. The paper
concludes with a proposed research methodology and avenues for Big Data integration for
EM decision-making.

2. Big Data Analytics and emergency management decision making
The highly computational capabilities of Big Data analytics and visualisation have been met
with acceptance and integration challenges within the EM domain. One of the promises of
big data for the EM domain is to organise and process data with real-time updates from
various sources such as social media, remote sensing, and geographical systems. The wealth
of new data from social media sources have helped in response efforts during the 2010 Haiti
Earthquake, Indonesian Typhoon, Japan Earthquake, 2013 Hurricane Sandy, and Nepal
Earthquake (UN/ISDR, 2015). Crowdsourcing was documented as the best data analytic
technology for the EM domain in its ability to validate information, map events in real time,
translate text and integrate data for crisis decision-making (Palen et al., 2007). Other attributes which enable the evaluation of data, visualisation of data outputs, enhanced insight
are suggested to improve EM analysis and decision-making (Donovan, 2015).
A joint report on Big Data and Disaster Management from the US National Science
Foundation (NSF) and Japan Science and Technology Agency (JST) concluded with identification of two specific data challenges regarding the integration of many data sources (data
variety) and the filtering of data to achieve quality information (veracity) (Pu & Kitsuregawa,
2013). Challenges associated with misinterpreted use of secondary data sources, technical
and organisational culture have been coupled by questions of effectiveness with the ethical
and legal constructs which affect EM decision-making (Merchant, Elmer, & Lurie, 2011; Kar,
2010). The drivers for acceptance and integration of big data tools emphasise the benefit
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Table 1. Organisational mindfulness processes.

for faster and collaborative engagement, yet it has been suggested that decision-making
structures and processes are not geared to the use of Big Data or information from new data
sources (OCHA, 2012).
This debate provokes the question: where is the place for big data in EM decision-making?
Some researchers argue for experimentation with social media for enhancement of communication capabilities (Heaton, 2013) while industry proponents like IBM push for integrative solutions to reduce information overload. The management of voluminous and complex
information across multiple agencies remains core to this debate. The value of the capabilities
of Big Data will only be realised with the appropriate placement of these advanced technologies in alignment with the operational processes indicative to the EM domain.

3. Organisational mindfulness and emergency management organisational
processes
Organisational Mindfulness (OM) is a capability for rich awareness of discriminatory details
that facilitates the discovery and correction of potential accidents based on five processes
observed in high reliability organisations (Weick, Sutcliffe, & Obstfeld, 1999). The originating
strategies intended for individual improvement: attention to context and attention to variability identified by (Langer, 1989) were expanded into a broader collective capacity of
awareness and activity when investigating these cognitive processes in adaptable, reliable
organisations (Weick, 1987). EM agencies embody the characteristics of organisations prime
to adapt to change through the use of routine and mindful processes and approaches for
the appropriate response to emergencies. Table 1 provides a description of each OM cognitive processes. Mindfulness implies a perpetual state of being ready to respond to a situation once prompted by a trigger that is a deviation from the routine processes, procedures
or activities based on mechanisms which enable collective awareness, sensitivity and interpretation of such deviations.
Though OM has been considered appropriate to understanding EM organisational processes, one of the major criticisms is that it lends itself to be just a capability-based approach
to process, not theory per se to inform system design and evaluation. This research asserts
that OM may contain valuable insight into construction of systems intended for multi-organisational performance especially within the EM domain. Within IS research, two
approaches of interest have emerged for the application of system based mechanisms that
enable mindful processes. Butler and Gray (2006) proposed application of the concept to IS
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Figure 1. Mindful infrastructure for high reliability. Source: Van de Walle & Turoff, (2008) adapted from
Weick et al. (1999).

Figure 2. Components of information system design theory (Gregor & Jones, 2007).

as a strategy for individual and organisational system use to achieve reliable performance
with broader implication for better interpretation of system design, management and operation. Van de Walle and Turoff (2008) viewed OM as a capability-based method of inquiry
and interpretation enabling technological evolutions for DSS use in EM and information
security particularly. This paper concurs with these two perspectives to recognise OM as an
organisational state of being supported through the maintenance and engagement of decision processes which enable specific capabilities. Figure 1 illustrates the capability-based
approach proposed in the design and operation of GDSS for EM where system functionality
and features facilitate mindful anticipation or containment lead to a capability to discovery
and management of unexpected events.
IS research viewing OM as a capability-based method of inquiry and interpretation supports technological evolutions which reinforce organisational cognitive processes enabled
by advanced system computational abilities. Big Data tools may allow decision makers to
recognise, visualise and act of suspected or actual incidents will ultimately help in improved
capabilities to anticipate and respond to unexpected events with organisational agility drawn
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Figure 3. Components of an information design system theory (adapted by research from Walls et al.,
1992).

from intelligent conclusions. We argue that incorporating OM in the design and validation
of EMIS can be facilitated through the use of ISDT intended to impose relevance and rigour
in both the EMIS products and applications. This would additionally allow for integration of
the highly computational capabilities of Big Data into EM organisational processes.

4. Profiling organisational mindfulness as design theory for EMIS
Multiagency coordination enabled and supported by EMIS presents a series of structural
problems that Information System Design Theory (ISDT) may solve in the design and production of artefacts for this class of systems. Similar to the challenge Walls and Sawy (1992)
confronted, the theoretical basis by which EMIS capabilities relate to performance measures
and link to design guidelines are not well understood in the literature. EMIS presents a specialised class of systems with subsystem components (Dorasamy, Raman, & Kaliannan, 2013)
and features which must have relational value to a particular group of end users who serve
as practitioners within the EM domain. Gregor and Jones (2007) extended the structure of
ISDT proposed by Walls and Sawy (1992) with eight components of an ISDT that are used in
evaluation of EMIS performance.
Below is an illustration of the ISDT components which will inform the construction of ISDT
for EMIS adapted from the Walls, et al. (1992) product and process flow diagram:
OM is considered a demonstrable capability to discover and manage unexpected events
through the use of organisational cognitive processes which requires EMIS to demonstrate
a capability to perform a range of tasks. A capability based approach to ISDT for the EM
domain is more than focus on the ability of an IS to display a feature or do a function through
a user interface. It is the design and implementation of a system with the end in mind, where
EMIS enables processes and engagement in a manner to meet the organisational and multi-organisational needs of users. OM provides a process- orientation for the structural and
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descriptive elements of the EM domain, contributing to the building a theory to best support
organisations with information, communication and decision-making capabilities critical to
success.

5. Research methodology: tentative DSRIS model for organisational
mindfulness in EM
Design research has been categorised as a ‘knowledge building activity (p. 317, Gregor &
Jones, 2007)’ where the artefact is considered a contribution to knowledge as well as the
process used in its construction. EMIS designed and used should exhibit capabilities which
balance meeting the needs of both individual users and EM agencies transitioning from
routine to dynamic environments at a moment’s notice. This is while operating disparate
systems from multiple locations using a wide variety of technologies. Applied here as a
kernel reference theory, OM helps to understand sense-making of organisational processes
(Weick et al., 1999) with the use of EMIS. While valuable information may be derived from
EMIS while acquiring or monitoring data, the detection of the value of that information
requires a process of analysis and understanding for the purposes of anticipation and containment. Herein lies the opportunity for the integration of Big Data and specialised systems
for data analytics.
EMIS utilisation (Trice & Treacy, 1988) occurs when real time coordinated decision-making
is enabled by both EMIS technology and supportive OM processes to obtain and maintain
heightened awareness. This allows for the construction of an IS artefact for the purpose of
evaluating the execution of OM processes. Figure 4 illustrates the proposed research model
to help our consideration of OM as ISDT. Our research model illustrates coordinated decision-making that occurs through utilisation of EMIS technologies to guide our consideration
of OM processes enabled or supported by specially designed systems. While decision-making
is seen as a single component of performance in the interest of understanding EMIS utilisation, significant research suggests that this is a core function of EMIS in these settings (Turoff
et al., 2004; Belardo, Karwan, & Wallace, 1984; Curnin et al., 2015).
This research proposes use of a design science methodology to construct an IS artefact
to evaluate EMIS performance. Action case study oriented research design is being considered to test and evaluate propositions of the model. Khan and Mirchandani (2008)suggested
an approach to determine the presence of collective mindfulness among a group by examining the presence of the five process tailored to the needs of the particular study group
(quoting Weick and Sutcliffe, 2001; Fiol & O’Connor, 2003). This research seeks to generate
an adaptable model and assessment tool for mindfulness-based GDSS design and implementation for EMIS. The concepts generated and defined would contribute to the theoretical
and pragmatic needs for domain specific process-oriented design. OM provides a theoretical
lens to design EMIS intentionally, assess utilisation, and examine performance in a
methodically positioned manner to meet the needs of developers and practitioners
simultaneously.

6. Assessing technology for EM purposes from a DSRIS perspective
In conclusion, building analytical capacity across the spectrum of EM technologies requires
a thorough understanding of existing processes to ensure that transformations of data can
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Figure 4. Research model (created by researcher).

be done in useful manner; rather than open Pandora’s Box in the availability of data sources.
This paper has sought to highlight EM processes to help the IS community orient and align
data technologies according to their suitability with activities which would benefit the EM
domain. OM is seen as a design theory for information systems in order to provide a prescription for system design and operations focused on the achievement of goals of multiagency coordination. The following avenues for acceptance have been identified to support
integration of Big Data in EM decision-making:
• Big Data Capability Assessment. (Meier, 20131) argued that big data provides benefits to the humanitarian sector beyond that presented in the OCHA report, citing the
document’s oversight of sentiment analysis, information forensics, and micro tasking to
support the processing of crisis information. As newer technologies emerge, it would
be beneficial to assess the capabilities of these technologies to align them with the
appropriate EM processes, structures, or activities in an effort to encourage integration
that fits the need. An example would be coupling satellite data with complementary
crisis maps for real-time data.
• Acceptance through Information Validation: There may be marked scepticism on
the exclusive use of data from social media to make critical emergency response decisions, but using these sources for confirmatory and validation purposes of traditional
data sources may open the door to acceptance. E-GEOS technologies provides excellent examples on ways to integrate social network and crowdsourcing data from videos, mobile technology, and CCT to support EM operations while not interfering with
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established structures and processes. Efforts for broader acceptance may be incremental, but information validation may help in building awareness and appreciation for
new technologies to gain momentum for the purpose of data growth and use within
the EM domain.
• Creative Partnerships: Solutions to the major challenge for acceptance of Big Data
rests with IS researchers and designers to help EM end users understand how to use the
new range of available data capabilities to improve decision-making. EM organisations
will also have to build analytic capacity across their spectrum of stakeholders, and this
is where private-public partnerships are forming to increase capacity through adhoc
augmentation of technical specialist within traditional EM structures.

Note
1. 
Meir, P, 2013 Humanitarianism in the Network Age: Groundbreaking Study. http://irevolutions.
org/2013/04/09/humanitarianism-network-age/
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