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Abstract: In industrial contexts, information is usually fragmented into a
complex network of organizations and systems. To develop their information
management, the organizations need to obtain and maintain situational
awareness of their workflows, and identify and understand relevant information
and how the planned actions affect the system in the near future. This paper
introduces Workflow Information Network Analysis, a managerial method for
analysing and improving situational awareness in complex systems. The
method is built on the principles of information management, product lifecycle
management and value network analysis. A six-step process for applying the
method is presented, and the validity of the method has been demonstrated with
a case study in which the information flows of a networked aircraft
maintenance organisation are analysed. The case study shows that the method
enables the identification of discontinuities and bottlenecks in information
flows, as well as produces suggestions for further development.
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1 Introduction

In today’s competitive business landscape, companies tend to focus on their core
competencies and network with other organizations providing e.g. various support
services during the lifecycle of the core product (e.g. Caglio & Ditillo, 2012; Meira et al.,
2010; Shalij et al., 2009). In practice this has led to the emergence of complex inter-
organizational systems around the products. Effective communication between
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organizations and inter-organizational IT system integration are often still lacking,
resulting in fragmented product information in the business networks (e.g. Candell et al.,
2009; Ranasinghe et al., 2011). Technical solutions for inter-organizational information
sharing exist (see e.g. Ferreirab et al., 2017; Olaisen & Revang, 2017), but collaborative
practices and attitudes supporting information sharing are often lacking. In addition,
confirming the quality of the information is important to ensure valid conclusions
(Citroen, 2011). Information failures can lead to disasters such as the Fukushima nuclear
power accident (see Thacher et al., 2015). The poor quality of data makes collaboration
between service providers and suppliers difficult (Siponen et al. 2019). Decision-makers
have difficulties gathering the multifaceted information from several sources at the right
time and in the right form. In these complex inter-organizational systems, it is difficult
for any of the organizations operating around the product to obtain and maintain the
situational awareness required for optimal workflow information management.

Situational awareness is a term mostly used in military contexts and in aviation (see
e.g. Endsley, 1988 and 1995), but which has also been introduced to information
management (see e.g. Tesone & Goodall, 2007). Situational awareness means identifying
and understanding the relevant information about what is happening in the system with
regards to the set objectives, and also how the planned actions affect the system in the
near future. Situational awareness can be maintained through effective communications
regarding e.g. the goals of the system or network as a whole, the individual tasks of the
network actors, and the roles and responsibilities of the actors. (US Department of
Homeland Security, 2004) Situational awareness improves the effectiveness of decision-
making in complex and dynamic environments (Harrald & Jefferson, 2007). The term
awareness is used widely, e.g. for environmental purposes in developing lighter aircraft
parts to minimize pollution (Veeramanikandan et al. 2019).

In this paper, we introduce a novel managerial method for 1) analysing the current
state of situational awareness on fragmented information in complex systems, and 2)
identifying development needs to improve the information flows from the perspective of
enhancing situational awareness. The main purpose of the presented method is to support
organizations in developing practices and tools for their information management. We
call this method Workflow Information Network Analysis (WINA). The existing
managerial tools, such as value network analysis and product lifecycle management,
provide valuable perspectives and principles for achieving situational awareness, but only
result in partial awareness. We use these existing bodies of knowledge to formulate a new
managerial construct specifically focused on managing workflow information in complex
systems. The paper also presents a case study from the aviation industry to further
demonstrate the use and benefits of WINA in complex industrial data management
contexts.

The structure of the paper is as follows. In section 2, previous literature is presented,
and in section 3, WINA is introduced as a management support tool such as product
lifecycle management and value network analysis. Section 4 presents research design and
the case study, and the paper finishes with conclusions in section 5.

2 Literature review
The following paragraphs provide a brief introduction into a number of bodies of

knowledge (information management, product lifecycle management, and value network
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analysis) from the specific perspectives required in forming situational awareness on
fragmented information. Despite having extensively contributed to enhancing the
operations of modern companies and business networks, these existing methods
individually do not provide systematic and concrete tools for optimally analysing the
current status and future needs of information flows needed to support operational
workflows. Thus we suggest combining features from these methods into a novel
managerial concept.

Business in general can be seen based on gathering, interpreting, and exploiting
various information (see e.g. Pareschi & Fontana, 2016). However, the amount of
information available for decision-makers is already extensive, and the rapid increase in
the amount of sensors, use of cloud-based computing, as well as interconnected assets
and systems (e.g. the Internet of Things) are providing yet more data (Baglee et al.,
2015). Thus the amount of information is overwhelming, and most of the collected data is
never even used in decision-making (Kinnunen et al., 2016). Situational awareness is
easily disturbed if there is too much data (Davenport & Prusac, 2000; Karim et al., 2009;
Meissen et al., 2005). Davenport and Prusac (2000) as well as Symon (2000) state that
specific rules for information management should be established to keep the information
flows in control. Lack of rules and clarity can disturb the workflow of an organization
(Stark, 2015). Of course, human resources should have been taken into consideration
while planning and scheduling actions, and responsibilities must be clear as well (Calais
et al., 2017). Many engineering systems are interconnected to humans, and humans play a
key role in the availability of systems (Karimi et al., 2018).

Product lifecycle management (PLM) is an information-driven concept guiding an
organization’s processes, staff, practices, and technology to trade the information from
the whole lifecycle of a product across the company and its supply chain (see e.g.
Grieves, 2008). Often there are disruptions in the product information flows when the
product has been handed over to the end customer (Hong-Bae & Kiritsis, 2012). When
successful, PLM enhances information transparency from one phase of the product life-
cycle to another through system integration and defined information flows. The usual
goals are to improve the quality of the product, or to enhance the support services and
functions of the product. (Christian, 2015, see also Stark, 2015; Takata et al., 2004) PLM
was first implemented in contexts requiring exceptional safety and control, for instance
the medical industry, nuclear energy, and aviation (PLM, 2015). Numerous PLM
software have been introduced for industrial use, but in practice their interconnectivity
with other information systems continues to limit their usage (see e.g. Camba et al., 2017;
Soto-Acosta et al., 2016).

Companies tend to operate in business networks (see e.g. Caglio & Ditillo, 2012;
Meira et al., 2010), and most large companies are organized according to functions,
creating several sources and users for the information. Thus common understanding of
the information flows, software, platforms etc. is required before each department or
organization in the network can use the information according to their own needs. (Karim
et al., 2009; Silventoinen et al., 2014; Stark, 2015) An additional challenge is created by
the diversity of inter-organizational relationships and accordingly varying requirement
levels for communication and collaboration present in the networks (Barlow & Li, 2005).
Business networks can be seen as sets of value interactions and roles within and between
organizations striving for an agreed objective. Value network analysis (VNA) and
organizational network analysis (ONA) are tools used to analyse and improve an
organization’s capability to realize value for itself and for other network members out of
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various tangible and intangible assets. (Allee, 2008; Merrill et al., 2007) VNA can be
seen to adopt rather a multi-layered perspective to the network, since it is typical to
analyse the flows of tangible goods, services, revenue, and information in the network to
reach a comprehensive understanding of value creation. Accordingly, the emergence of
service-dominant logic in value creation literature presents value as a complex
phenomenon created jointly in inter-organizational interaction (see. e.g. La Rocca &
Snehota, 2014; Vargo & Lusch, 2008).

To achieve situational awareness, a workflow or process view should be taken to
integrate the necessary features of PLM, information management and VNA. This will
provide organizations with means to manage and optimize their information from a
lifecycle perspective while operating in complex networks. Process management can be
seen as a set of activities for planning and monitoring the performance of business
processes (Becker et al., 2011). Process management tools, techniques, visualization,
measurements and control reports are used to define business processes (Thom, 2009).
Process management is adopted here because it can offer tools to develop, implement and
improve the quality of systems (Van Houten, 2000; Moumen and Aoufir, 2018), for
example with a value stream mapping (VSM) technique which can be used to optimize
resources (Samant et al.  2018) and simulation for optimizing maintenance phases
(Huang et al. 2018).

3 Workflow information network analysis
In this section, we introduce WINA, a novel managerial method for analysing and

improving organizations’ situational awareness on fragmented information in complex
systems. WINA is derived from several existing methods and bodies of knowledge,
including product lifecycle management, some aspects of information management, and
value network analysis.

PLM forms the foundation for WINA, but it is supported by principles characteristic
to VNA. Applying just VNA to the fragmented information landscapes would be
challenging because of the multi-layered scope of the method. WINA pursues concrete
information management improvements by focusing solely on the analyses of
information flows, whereas VNA focuses on the analyses of material and monetary
flows. There is no question about the need for evaluating processes in order to gain more
efficiency with the limited resources in companies (Paryzad et al. 2018). Tsarouhas
(2019) has evaluated the reliability, availability and maintainability of a production line
based on failure data analysis. For information supply between several actors, existing
literature identifies four distinct aspects that must be managed (see Davenport & Prusac,
2000; Karim et al., 2009; Meissen et al., 2005): 1) time; when to deliver information, 2)
content; what information to deliver, 3) communication; how to deliver information, and
4) context; where and why to deliver information. While VNA adopts a rather strategic
birds-eye view and focuses mostly on content and context, WINA also takes the time and
communication aspects into account. Through the time dimension, the main ideas of
PLM can also be integrated into the analysis. Figure 1 summarizes the dimensions
addressed by WINA.
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Figure 1. The dimensions of WINA.

WINA provides a visual way for analysing the information flows between network
members. In addition to mapping the current information flows, it can also be used in
communicating the desirable or optimal state of information flows in the network.  The
process of conducting a WINA can be presented in the following six steps:

1. Identifying the workflow to be analysed, as well as targets for the development
of information management in the workflow.

2. Identifying the various actors as well as their roles in the network. Depending on
the development targets set for the analysis, the actors can be e.g. individual people,
functional teams, or even companies.

3. Identifying the current state of situational awareness and information flows
between the actors in the workflow, as well as documenting the various aspects of
information supply (time, content, communication, and context) for each flow.

4. Identifying the information needs of the actors in the workflow and assessing
whether the needs are fulfilled and if not, why.

5. Visualizing the results to enhance dissemination and exploitation in the network.
Visualizations can be done based on e.g. organization charts, process charts, or as one
dimension of a VNA if the company has one in place.

6. Concluding the analysis with concrete suggestions for improving information
management and situational awareness in the workflow.

The six steps listed above are demonstrated in more detail in the case study presented
in the next section of the paper.

4 Case study
A case study from the aviation industry is used to demonstrate the use and benefits of

WINA in complex industrial data management contexts. The aviation industry provides a
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fruitful context for the case study because it is strictly regulated and modern aircrafts are
very complex technical systems. The case study is a suitable method for the research
because the aim is to deepen the understanding of a relatively novel topic, and a case
study enables the research of a phenomenon in detail by exploring and giving a rich
description of the issue (Eisenhardt, 1989). The ever increasing amount of information
and system complexity create additional challenges for many aircraft operation support
functions, including the Maintenance, Repair and Overhaul (MRO) of the aircraft fleet.

In step 1 of WINA, the workflow to be analysed is identified and the targets for
development are set. This case study has been conducted on an aircraft maintenance
organization of a European airline that carries both passengers and cargo. The main
objective of the maintenance organization is to perform high quality maintenance, both
scheduled and unscheduled, for the airline’s Airbus fleet to keep it airworthy and reliable.
The target set for the case was to improve aircraft maintenance production through
ensuring that essential information flows properly from one actor to another in the
network. Maintenance optimization is one of the key tasks in reducing operating costs
(Siddique et al., 2018).

In the case study, the information flows of the networked aircraft maintenance
organization were analysed. In this case study, the maintenance organization consists of a
group of companies and communication with the different departments of the company.
These include information flows inside the maintenance organization, but also
information flows between the maintenance organization and the other business functions
of the airline which produce and/or consume the information managed during the aircraft
maintenance process. According to step 2 of WINA, the relevant control centres
operating for the airline are briefly introduced:

 The controlling responsibility of the maintenance activities is on the
Maintenance Control Centre (MCC). MCC uses operational and airworthiness
requirements to control the scheduled and unscheduled maintenance of the
aircraft.

 MCC is a part of the Operation Control Centre (OCC) functions of the airline.
The main objective of OCC is to maintain the planned flight schedule.

 Subprocesses are managed in The Hub Control Centre (HCC). HCC is
responsible for the passenger and cargo flows. To ensure good customer
experience and smooth operation, HCC needs to know all the tasks planned for
the aircraft during its ground stop.

Data was gathered from several sources to achieve a broad understanding of
situational awareness in the case organization at managerial and operational level. Two
questionnaires were sent to selected groups of the case organization’s personnel. The
purpose of the first questionnaire was to map the information paths regarding different
people involved in the maintenance function. The questionnaire was sent to 13 people via
email. The recipients were selected together with the management of aircraft
maintenance, and they included maintenance managers, internal customers (from MCC),
maintenance planners, maintenance duty managers, supervisors, and maintenance
technicians. The response rate of the first questionnaire was 46%. The second
questionnaire concentrated on maintenance process information management. The
purpose was to map maintenance information flows and situational awareness between
the involved business functions. The questionnaire was sent to 13 people, based on the
expert judgement of the maintenance managers in the case organization. The respondents
included maintenance managers, managers from MCC, a customer duty manager from
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MCC, planning management, maintenance duty managers, a supervisor, and maintenance
technicians. The response rate of the second questionnaire was 70%.

The survey instruments of both questionnaires can be seen in the appendixes of the
paper. The survey data was complemented by conducting researcher observations
targeted at specific maintenance-related processes in the case organization. A researcher
visited the case company, observing how various processes were conducted to get a
deeper understanding of the current state of information management in the organization.

Following steps 3 and 4 of WINA, the current state and the information needs in the
workflow were analysed and documented. Applying step 5 of the method, the results are
visualized in Figure 2 below. The current state of information flows and situational
awareness in the workflow are discussed after the figure.

Figure 2. A snapshot of the current information flows in the maintenance work
process (ACM DM means Aircraft Maintenance Duty Manager, MCC DM means
Maintenance Control Duty Manager, and OCC means Operational Control Center).

The blue arrows in Figure 2 depict defined information, communicated through
defined channels and tools. This information is documented in various databases, and is
readily available in the value network. These information flows include many of the
established databases and software used by the network, e.g. SRT Matrix (a material
management software), Primavera (shows the use of maintenance resources compared
with the available capacity), AMOS (aircraft maintenance and repair management
software), Maint OPS (for ordering subcontracted services), Scope (provides details of
each aircraft’s flight and maintenance plans) and eLog (an electronic flight logbook
where the flight crew reports the found defects). These software support the aircraft
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maintenance duty manager, the maintenance control duty manager, maintenance
planning, and production support. Production support includes e.g. spare parts and special
tools. It should be noted that some of the defined information flows include information
only communicated through e.g. phone calls or radio phones, which creates additional
delays to the process and increases the risk of losing some of the information.

The green dashed arrows depict imperfectly defined information content and time.
For instance, the maintenance supervisors enter information about completed and open
maintenance tasks into the AMOS database, but they often do this at the end of the
maintenance technicians’ work shift, after collecting the information on paper forms.
Information is not received in real time, and that kind of information collection creates an
extra stage on work processes, and it can make information quality worse because there
are no instructions to enter information into the database. OPS Metrix, on the other hand,
is a new software which was not yet fully implemented in the organization and thus
included some issues related to information flows. At the moment, there are no clear rules
on the time, content, and responsibilities of uploading data to the system.

Finally, the red arrows depict information flows with unspecified information
channels or communication tools, which are highly dependent on the actions of
individual maintenance experts. There are issues with e.g. how the maintenance
technicians report their work and the identified defects to their supervisors, the aircraft
maintenance duty manager, and the other technicians in the maintenance organization.
Phone calls, radio phones and paper forms are used frequently, making it very
challenging to maintain clear situational awareness of the maintenance processes in the
organization. Another communication issue was observed with the subcontractors, who
get their maintenance task information from the Maint OPS data system and enter the
aircraft when allocated by the maintenance organization. After the subcontractors have
finished their tasks, the conducted work is documented in the data system. However, the
scheduling should be more proactive, so that the aircraft maintenance duty manager
would know in advance the planned schedule of all subcontractors. The third issue is
related to Digi DM, a planning software used by the aircraft maintenance duty manager
to allocate manpower resources between aircraft line maintenance (hangar maintenance)
and apron maintenance. The apron is the area where the aircrafts are parked, unloaded,
loaded, serviced and boarded. Because apron maintenance (and maintenance control
centre) operates closer to the customer interface, it has a higher priority to using
personnel resources on a daily basis. However, the current and future need for personnel
resources is not always extensively communicated to the aircraft line maintenance.

In general, it can be concluded that the maintenance network uses various systems
and databases which operate with different data and parameters. Identifying the current
weaknesses in information flows and documenting them was seen valuable for
information sharing and development purposes in the organization. Current situational
awareness is highly dependent on the manual information sharing routines of individuals.
The process is working, due to organizational experience, but it creates extra load for the
actors and additional delays to the information flows, and could thus be improved by
optimizing the performance of the workflow. This is supported by the two surveys sent to
the selected personnel of the maintenance network: 78% of the respondents thought they
received too little information to support their work in maintenance execution, and 88%
completely or partially disagreed when asked whether the progress of maintenance
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execution can be followed in real time. However, it is interesting that 89% of the same
personnel either completely agreed or tended to agree when asked if they knew what
information is essential to pass on in the organization to enhance maintenance execution.
The authors see two probable explanations for this inconsistency. The first one is that
despite acknowledging the situation, the important information is not shared in the
maintenance network or it is shared too slowly. The second explanation is that the
maintenance personnel thinks they understand their own role in the information
management process of the whole network, but that in reality they do not know what
information is needed by the other actors. A summary of the information needed before,
during and after the maintenance action is presented in Figure 3. Of course, in practice
the details of the required information depend on the unit and actor in question.

Figure 3. The information needs in the different phases of aircraft maintenance.

According to step 6 of WINA, we conclude the case study by suggesting actions to
improve situational awareness in the aircraft maintenance workflow. Firstly, the context
awareness of information sharing should be improved to ensure that the personnel knows
their roles and importance in the information management process. One solution to this
could be to implement WINA on the level of individual maintenance employees, so that
the information flows between individual people would be analysed. Secondly, all
information management should operate with electronic processes and signatures to avoid
excessive delays and to enable real-time situational awareness and proactive
management. To optimize performance, all the major stakeholders should be able to
follow the maintenance processes in real time. Thirdly, the network could decrease the
amount of databases and systems they use for their information management to avoid
information deviation. This would of course require careful investment planning and
appraisal.

   5 Conclusions
Following the recent technological development and the vast amount of data

available, the information technology landscapes during e.g. the lifecycles of individual
products are complex and fragmented (see El Kadiri et al., 2016). The theoretical
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contribution of the paper includes introducing the Workflow Information Network
Analysis (WINA), an analytical, managerial method for mapping fragmented information
in complex systems. The method is built on the applicable principles of product lifecycle
management, information management, and value network analysis. We presented a six-
step process for applying WINA in workflows with fragmented information. The validity
of the process has been demonstrated with a case study from the aviation industry. The
theoretical contribution of the paper also includes discussing the importance of situational
awareness in the context of information management. Some previous research in the area
exists, often related to ensuring the safety of critical industrial processes (see e.g. Nazir et
al., 2014; Stanton et al., 2001), but most of the earlier discussion on situational awareness
has been directed at military contexts. In industrial environments, where real-time
information in decision-making is targeted, it would be important to acknowledge the
lessons learnt in the military applications.

Regarding managerial contribution, WINA provides industrial decision-makers a
novel approach to managing fragmented information flows at multi-actor organizations.
With WINA, both the current and the optimal state of information flows between
business network members can be analysed in a visual way by using charts. The case
study presented in the paper showed that the method supports industrial organizations in
identifying discontinuities, bottlenecks, benchmarks etc. in workflow information flows.
In practice, improved situational awareness would enable faster information flows, a
higher quality of information, reduced risks and improved safety, as well as better
support for the decision-makers of the workflows. The operations and maintenance of the
product fleet could then be better optimized, and significant monetary and non-monetary
benefits could be achieved. WINA is a managerial method, and it supports organizations
in developing novel practices, tools or systems to improve information flow management
in their business operations. To maximize the impact of the method, WINA should be
applied in a centralized way by the management of organizations. The development
suggestions, bottlenecks and benchmarks provided by the analysis should then be
implemented and adopted versatilely in the foundations of e.g. customer and supplier
communications by the marketing and sales department, and in the IT system architecture
by the IT department. The value of WINA has been demonstrated in industrial
maintenance contexts, but it can be assumed that the method would also work in several
other contexts with fragmented information, e.g. in the management of industrial supply
and demand chains, or in large projects with extensive consortiums.

Two main limitations can be identified for the paper. The first one is that, in practice,
mapping the information flows of a specific workflow is often a time-consuming task
which requires a lot of resources from industrial decision-makers. Thus, future research
should support WINA through formulating systematic tools and detailed processes to
simplify the implementation of the method. Also, the importance of incentives and/or
sanctions should be noted: it is not enough for organizations to be aware of the
insufficient information flows in the business network. The insufficiencies and
development needs must also be integrated into the incentive systems, the real-time IT
systems, and organizational structures. In many military contexts, situational awareness
can be ensured through authority and chain of command. In industrial business contexts.
on the other hand. the motivation of individuals must be managed somewhat differently.
Optimizing the motivation of the personnel provides an interesting topic for further
research.
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The other limitation is that the paper tests the method with just one case. To
rigorously validate the method, future research should test WINA with cases from several
different industries. This would help researchers in identifying the strengths of the
method in a variety of contexts, as well as in recognizing the special requirements set by
a number of operating environments. Further research should also address quantitatively
measuring and justifying the benefits of WINA. It would be important for organizations
to be able to assess the monetary and non-monetary benefits of improved situational
awareness in relation to the additional costs caused by the analysis.
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