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A B S T R A C T

When an aircraft experiences an unexpected issue during flight operations, a technician determines whether the
aircraft can safely perform the next flight. This operational decision process - known as dispatch assessment - has
to happen within limited available time between aircraft arrival and departure. Currently, technicians face two
main problems during the assessment: lack of access to decision support information and a time-consuming
process for finding relevant information in extensive maintenance manuals. These issues often lead to delays and
additional costs and are indicative of three larger challenges in the decision support domain: 1) a paucity of
decision support models and applications for operational processes in maintenance; 2) relatively few efforts in
applying and evaluating artifacts in experimental and real-life operational settings; and 3) a lack of systematic
development, application and evaluation of digitization and automation efforts of complex decision processes in
maintenance. This paper applies a design science research approach to address these challenges and introduces
two novel artifacts: a decision support framework for real-time decision making in aircraft dispatch, and a web-
based prototype tool accessible through mobile solutions. The practical relevance of the framework and pro-
totype is validated through two representative application and evaluation studies, one in an experimental setting
and one in an operational environment. Results show significant time savings and strong qualitative indications
towards a higher incentive to use documentation and reducing human risk factors that lead to maintenance
error.

1. Introduction

Air transport is known for being the safest mode of long-distance
travel. Among the many factors that contribute to the safety of air
transport, maintenance is essential to the airworthiness of the aircraft.
However, maintenance also can have a significant effect on flight op-
erations, for instance through delays; 5.8% of all flights in Europe still
experience delays due to direct aircraft technical causes, resulting in an
estimated €2.8 billion in additional cost every year [1]. Hence, research
focusing on mitigating the operational impact of unexpected main-
tenance issues is vital.

In aircraft maintenance, dispatch assessment is the process of de-
termining the best solution to resolve unexpected maintenance issues. It
is performed during operations and at the apron, between the arrival
and departure of the aircraft. The assessment is performed by line
maintenance technicians and both the decision and subsequent main-
tenance work need to be completed before the next scheduled departure
of the aircraft to avoid delays. Typically, technicians have limited

access to equipment, tools and support information at the apron,
leading to a dispatch assessment process which is time consuming,
burdensome and generating sub-optimal decisions. This can be illu-
strated by prior research, where it is indicated that technicians spend up
to 30% of their time gathering task support information instead of
performing maintenance [2]. Furthermore, though it is mandatory to
use documentation during maintenance execution, technicians usually
make a continuous trade-off between safety, legality and efficiency [3]
as the time for performing dispatch assessment and subsequent main-
tenance is limited (e.g., typically no more than 30min for narrow-body
aircraft such as the Airbus A320 and Boeing 737, routinely used in
continental air transport). This has a negative effect on well-known
human risk factors in aircraft maintenance (e.g., stress, pressure and
complacency) that can lead to maintenance errors or even accidents
[4,5].

While these issues are specific to the dispatch assessment process in
aircraft maintenance, they point towards a set of larger challenges in
decision processes that have seen relatively little attention in decision

https://doi.org/10.1016/j.dss.2020.113338
Received 11 November 2019; Received in revised form 28 May 2020; Accepted 31 May 2020

⁎ Corresponding author.
E-mail addresses: H.Koornneef@tudelft.nl (H. Koornneef), wim.verhagen@rmit.edu.au (W.J.C. Verhagen), R.Curran@tudelft.nl (R. Curran).

Decision Support Systems 135 (2020) 113338

Available online 06 June 2020
0167-9236/ © 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/BY/4.0/).

T

http://www.sciencedirect.com/science/journal/01679236
https://www.elsevier.com/locate/dss
https://doi.org/10.1016/j.dss.2020.113338
https://doi.org/10.1016/j.dss.2020.113338
mailto:H.Koornneef@tudelft.nl
mailto:wim.verhagen@rmit.edu.au
mailto:R.Curran@tudelft.nl
https://doi.org/10.1016/j.dss.2020.113338
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dss.2020.113338&domain=pdf


support research (see also Section 2):

• Decision support for operational processes in maintenance:
existing work in maintenance applications tends to focus on sup-
porting decision-making for maintenance planning and scheduling,
spanning time horizons of weeks, months or even years [6,7].
• Application and evaluation in real-life operational main-
tenance environments: decision support systems are typically
thoroughly evaluated, but practical case studies highlighting appli-
cation and evaluation within real-life processes - especially when
constraining oneself to operational maintenance - are not prevalent.
Research shows that there is a lack of correlation between theore-
tical systems and actual system use [8,9]. To overcome this problem,
researchers in the domain stress the need for more case studies
[10–14].
• Digitization and automation of complex decision processes in
maintenance: while the field of e-maintenance focuses on proces-
sing, integration and distribution of information [15] to support
decision processes, major gaps remain, such as a lack of models and
methodologies for decision making in distributed environments,
understanding of human-machine interactions (critical for decision
support systems, as opposed to algorithmic solutions) and a lack of
evaluation metrics [16].

This research contributes to the state of the art by addressing these
challenges within the context of the dispatch assessment problem. To
do so, a design science research (DSR) approach has been followed to
generate two main artifacts: 1) a novel decision support framework for
real-time decision making in aircraft dispatch, built on basis of a for-
malized decision process [17]; 2) a web-based prototype tool accessible
through mobile solutions, which has been developed within the Clean
Sky 2 AIRMES project [1,18]. Evaluation of these artifacts has been
performed by considering two applications, allowing for quantitative
and qualitative analysis of the core elements of the framework and
prototype. From a practical point of view, this research addresses in-
formation retrieval and subsequent use in the dispatch assessment de-
cision process. This enables technicians to evaluate more decision op-
tions and to make better-informed decisions faster. It is precisely on
these points that the evaluation efforts have focused.

The remainder of this paper reflects these considerations. First, re-
lated work informing the current state of the art is discussed in Section
2. Subsequently, the two artifacts (i.e., the decision support framework
for aircraft dispatch and the web-based prototype tool) are discussed in
more detail. Evaluation of these artifacts is presented in Section 4. Fi-
nally, conclusions and recommendations for future research are given.

2. State of the art

In this Section, relevant research regarding decision support - from a
methodological perspective and from a domain-specific perspective - is
discussed. In particular, after briefly discussing general decision sup-
port systems (DSSs) aspects, decision support for maintenance is cov-
ered in detail. Finally, some major challenges are identified, supporting
the statement of novelty in Section 1.

2.1. A general perspective on decision support systems

The rapid growth of information in terms of variety (i.e., data for-
mats), velocity (i.e., speed of data generation, processing and use) and
volume (i.e., data size in bytes) [19] presents new opportunities in DSSs
research and applications, especially when combined with web-based
DSSs. However, the integration of all these heterogeneous and often
distributed data sources remains a major challenge, complicating the
adoption of DSSs [20]. In particular, the lack of ability to fully exploit
these unstructured or semi-structured information sources can lead to
poorly informed decision making [21].

While there is an overall consensus that the use of a DSS leads to
better decisions, a lack of correlation between theoretical systems and
actual system use has been pointed out [8,9]. As a remedy, case studies
are called for in literature [11,13,14]. Case studies are a valuable asset
to build theory [22]. Moreover, case studies improve collaboration
between decision makers and system designers, which lead to systems
that address real-world problems [23].

From a methodological perspective, design science research (DSR) is
a well-established and growing approach within the DSS domain that
tries to bridge the aforementioned gap between theory and practice.
DSR aims to develop novel technology-based solutions to address real-
world business problems, and typically results in the development of an
artifact before a scientific contribution is made [24,25]. Given the focus
on the relevance of DSR [26], it is surprising that a significant amount
of publications lack evaluation and merely describe developed artifacts
without determining worth, effectiveness or usefulness [27].

2.2. Decision support in the maintenance domain

When considering decision support in maintenance, it is important
to note that the increasing flow of information, paper-based use of
documentation, reliance on legacy systems and the relatively slow di-
gitization in many maintenance application domains [28] are issues
that result in reduced system availability. There is a need in main-
tenance for a digital transformation that enables real-world solutions.
From a methodological perspective, e-maintenance approaches have
been touted for remote decision support and continue to evolve with
new emerging technologies for processing, integration and distribution
of information [15,29]. However, there are still gaps in current e-
maintenance research, such as a lack of validated models and meth-
odologies for decision making in distributed environments, under-
standing of human-machine interactions and a lack of evaluation me-
trics [16].

When considering decision support applications in maintenance, the
majority of recent literature focuses on condition-based maintenance
policies and predictive maintenance approaches (e.g., [30–32]). A
substantial body of work provides decision support for strategic main-
tenance planning and tactical scheduling in order to optimize system
availability and minimize costs. These works usually span time horizons
of days, weeks, months or even years [6,7].

Only a few publications address operational decision support in
aircraft maintenance, where issues that require (near) real-time re-
solution are considered. Two of the most relevant publications are by
Papakostas et al. (2010) and Dhanisetty et al. (2018), where the work of
Papakostas et al. [33] addresses short-term maintenance planning
within a multi-criteria decision support framework to improve aircraft
operability and minimize maintenance costs. Dhanisetty et al. [34]
developed an approach for multi-criteria decision making for opera-
tional maintenance decisions with time horizons of hours or a few days
at maximum. Both works make substantial assumptions regarding the
type of tasks, task content and acceptable time horizons within their
decision processes, which does not necessarily reflect (near) real-time
operational maintenance processes where decisions need to be formed
in under an hour, if not nearly instantaneously.

Synthesizing the previous discussions gives rise to the three main
challenges identified in the introduction: 1) decision support applica-
tions for operational processes in maintenance are relatively rare; 2)
application and evaluation of decision support systems in real-life op-
erational maintenance environments is subject to improvement; and 3)
digitization and automation of complex decision processes in main-
tenance is held back by a lack of validated models and associated
evaluation efforts.
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3. Methods: Dispatch assessment framework and prototype
development

To address the challenges identified in Section 1 in the context of
the dispatch assessment problem, it is necessary to better understand
and formalize this problem first. This is covered in Section 3.1. This in
effect is the first step in the design science approach which is applied in
this research. The next step in this approach is to introduce two arti-
facts: 1) a novel framework for real-time decision support for the dis-
patch assessment problem; 2) a web-based, mobile DSS prototype to aid
technicians in dispatch assessment and subsequent maintenance ex-
ecution. The prototype has been initially developed after a first version
of the framework had been defined; subsequent versions of both arti-
facts have been developed in an iterative and interdependent fashion.
As such, the artifacts represented in this research are the current ver-
sions, each having undergone several development iterations. A final
step in the design science approach is to apply and evaluate the de-
veloped artifacts, which is covered in Section 4.

3.1. Formalizing the dispatch assessment process

During dispatch assessment the technician -being the decision
maker- has a central role in the process; he/she performs the assessment
and necessary (subsequent) maintenance work, and is responsible for
signing off on the airworthiness of the aircraft. Usually, the technician
is in close contact with the troubleshooting department (TS), which
assists technicians in performing the dispatch assessment or main-
tenance with remote troubleshooting support by phone or radio and
prepares required (paper-based) documentation for maintenance ex-
ecution. The maintenance control center (MCC) has the overview of
the maintenance process as a whole and is responsible for operational
and strategic maintenance planning. The operations control center
(OCC) monitors and manages the daily flight operations and can pro-
vide support when a dispatch decision may lead to flight delay or op-
erational constraints due to a deferred item.1 The captain is the pilot
responsible for the safe operation of the aircraft. This includes the au-
thority to refuse a proposed (temporary) fix suggested by the technician
if the captain believes it impairs safe continuation of flight operations in
any way.

An example of the stakeholders and their communication lines in a
situation where the maintenance organization is part of the airline is
provided in Fig. 1. A system that shares the same information between
stakeholders improves collaboration and can reduce miscommunica-
tion, independent of the organizational structure.

With the stakeholders defined, the established 8-step approach
proposed by Baker et al. [17] is adopted to formalize the dispatch de-
cision process:
Step 1: define problem
A problem statement that clearly describes the initial and desired

conditions to all stakeholders is essential. In aircraft dispatch decision
making the initial condition is that an aircraft endures an unexpected
issue for which a solution must be found. In an ideal situation, the
optimal dispatch solution does not compromise safety, is well-informed
and is determined as soon as possible within the turnaround time,
leaving more time to perform maintenance. Hence, the problem for an
individual dispatch decision is defined as: “Making a well-informed dis-
patch decision currently requires too much time, leading to delays and ad-
ditional costs. Dispatch decision making should be done within a fraction of
the turnaround time and without compromising safety.”
Step 2: determine requirements
The requirements describe conditions that feasible solutions must

meet. In aircraft dispatch the most important requirement is safety,
followed by on-time performance. The globally-used standard for flight

delay is defined by the Federal Aviation Administration (FAA): a flight
is considered delayed if it departs or arrives 15min later than its
scheduled departure or arrival time. Hence, the requirements for a
dispatch solution are that 1) a dispatch solution shall not comprise the
airworthiness of the aircraft; 2) a dispatch solution shall not result in
departures later than 15min after the scheduled time of departure; 3)
all available alternatives shall be evaluated.
Step 3: establish goals
Baker et al. define goals as follows: “Goals describe broad state-

ments of intent and desirable programmatic values” [17]. Given this
definition, the goals for individual dispatch decisions are to warrant
safety by adhering to maintenance documentation procedure, and to
minimize the decision time.
Step 4: identify alternatives
When an aircraft experiences an issue, a technician will have to

consult the minimum equipment list and the troubleshooting manual to
identify available maintenance alternatives, for example deactivating
or replacing a component. With thousands of tasks in each of these
documents, identifying the maintenance alternatives for a given defect
is currently a time-consuming process. Each alternative has an asso-
ciated expected dispatch outcome depending on the type of main-
tenance task and the time required to complete the task, assuming that
other conditions to perform maintenance are met (e.g., availability of
licensed technicians, spare parts, support equipment).
Step 5: develop evaluation criteria
Criteria are used to evaluate and compare the available alternatives.

The main criteria for aircraft dispatch are safety, time and cost.
Step 6: select decision-making tool
The number of tools available for operational decision making are

scarce, especially in the (aircraft) maintenance domain. Information
about the functionalities of these systems is often very limited to protect
commercial interests. To the best of our knowledge, there is currently
no off-the-shelf solution available that supports real-time operational
dispatch decision making, where real-time is defined as: providing all
required and up-to-date information to decide what to do now.
Step 7: apply tool and select alternative
A technician evaluates the maintenance alternatives and associated

expected dispatch outcomes, and subsequently selects the optimal al-
ternative.
Step 8: validate the answer
The selected dispatch solution is validated by comparing the

TS
Troubleshooting

Department

Maintenance Control 
Center OCC

Operations Control 
Center

Technician

Captain

Fig. 1. Typical stakeholders in the dispatch process.

1 A component or system that is inoperative due to a previous issue.
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expected outcome with the realized outcome (e.g., with respect to
maintenance execution time and departure time).

The formalization of the dispatch process reveals that the problems
in current dispatch decision making originate at Step 4, which ulti-
mately leads to not always meeting the requirements and goals. To
address these issues, two artifacts have been developed and are in-
troduced in the next subsections.

3.2. Artifact 1: A framework for aircraft dispatch decision support

Following the DSR approach, a novel framework for a dispatch
decision support system has been developed. It is visualized in Fig. 2.
The framework consists of the three elementary layers for a DSS (i.e.,
model, database and user interface [35]) and is expanded with a de-
cision criteria layer to stress the influence of criteria on the decision
outcome. The criteria layer indicates which factors influence the deci-
sion, and subsequently affects the type of data required in the database
layer. The core of the framework for dispatch decision support is shaped
by a 6-step model that describes the process of going from a fault or
defect to a dispatch decision. The user interface layer pinpoints where
in the process model the user interacts with the system. The individual
framework layers are discussed in detail from top to bottom in the
following sections.

3.2.1. Criteria layer
The criteria layer is located at the top of the framework. The

number one criterion in aviation is safety; the airworthiness of the
aircraft should never be compromised. In the case of aircraft main-
tenance and dispatch assessment, safety is integrated through proce-
dures and policies in maintenance documentation. All alternatives are
considered safe as long as technicians follow the procedures described
in the documentation. In aircraft dispatch there is a strong focus on on-
time performance and thus time is an important criterion. Both the time
required to complete the maintenance following from a dispatch deci-
sion as well as the time available before the next departure are relevant
to evaluate alternatives. Another criterion that can be taken into ac-
count is the historical chance of success of a chosen course of action
(i.e., selection of one or more maintenance action(s)). Provided that
trustworthy data is available, prior attempts at resolving the same or a
similar issue can be used to generate probabilities of success for future
courses of action.

While not included in the current work, due to the absence or
confidentiality of recorded data, the operational impact criterion could
be included by considering the total costs associated with a particular

maintenance action, consisting of direct costs (e.g., spare parts, labour),
grounding costs (e.g., parking, towing) and disruption costs (e.g., delay,
cancellation) [34]. Of these items the disruption costs are especially
complex to include. Examples in literature discuss minimizing these
costs through optimization models, which include costs such as pas-
senger delay and flight cancellation costs [36,37]. The complexity of
these costs is further illustrated by the fact that a particular dispatch
option can lead to additional fuel consumption, for example due to
required re-routing for not being allowed to fly in icing conditions.
Moreover, costs associated to a maintenance action are also affected by
the aircraft's location (e.g., in-house maintenance is usually less costly
than outsourcing, airport ground and handing fees vary). Integration of
such an optimization model could further enhance dispatch decision
making. The location criterion can also provide information about the
availability of required skills, spare parts and equipment.

3.2.2. Database layer
The database layer provides the required information to perform the

steps in the process model (see next subsection) and includes the fol-
lowing sources:

• Aircraft technical log contains the maintenance history of the
aircraft, including defect/fault information. This is traditionally
paper-based, but industry is gradually transitioning to a digital
version. The aircraft technical log must be on board of the aircraft
during flight operations.
• Aircraft details contains detailed information of each individual
aircraft in the fleet, such as tail number, manufacturer, model,
series, Manufacturer Serial Number (MSN) and the Customer Serial
Number (CSN). This information is required in subsequent steps of
the process, for example to import the flight schedule and to de-
termine applicable content in maintenance manuals.
• Maintenance documentation contains maintenance documenta-
tion as provided by the manufacturer. Examples relevant for dis-
patch assessment include the Troubleshooting Manual (TSM), the
Aircraft Maintenance Manual (AMM), the Aircraft Schematics
Manual (ASM) and the Electrical Standard Practices Manual
(ESPM), and the Minimum Equipment List (MEL), which describes
equipment which is allowed to be inoperative as long as subsequent
operational and/or maintenance conditions are met. Maintenance
documentation is frequently updated and it is of utmost importance
to always use the latest version during maintenance execution. A
complicating factor for using this data is that documents can be
provided in different digital formats (e.g., SGML/XML or PDF), each

Fig. 2. Framework for aircraft dispatch decision support.
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requiring different approaches for processing.
• Criteria evaluation data contains data to enable evaluation with
respect to specific criteria. For example the flight schedule and data
on the average time to complete a maintenance task can be used to
evaluate an alternative with respect to the time criterion. The in-
formation in this database is highly dynamic and requires real-time
processing. For example, it is essential to use the latest flight sche-
dule information to calculate the time available for dispatch and
subsequent maintenance.
• Decision history this database contains the output of the DSS. This
includes the selected decision, the available time before departure
when the decision was made and the expected dispatch outcome.
This information can then be used to compare the expected outcome
with the realized results to further improve the system performance,
working towards a knowledge-driven DSS.

3.2.3. Process model layer
The developed process model entails the following six steps:
Step I. Collect defect reports
The first step is to determine if there are any reported issues with

the aircraft. Each aircraft has a technical log that contains the main-
tenance status and history. With the transition to a digital version of the
aircraft technical log (e.g., the Electronic LogBook (ELB)) this process is
automated in the prototype dispatch decision support tool.
Step II. Collect aircraft data
The tail number is used to retrieve the aircraft manufacturer, air-

craft model and Customer Serial Number (CSN). The manufacturer and
model of the affected aircraft are used to determine the relevant
maintenance manuals and the CSN is used to determine the applic-
ability of the content within those manuals.
Step III. Identify maintenance alternatives
Each troubleshooting task has a number of maintenance tasks as-

sociated to it, from which a combined list of unique maintenance tasks
is generated. An additional source is the Minimum Equipment List
(MEL) that provides alternatives to defer corrective maintenance for
some issues. Deferral of an issue typically still requires some type of
(light) maintenance action, such as deactivating a system. The combi-
nation of maintenance and deferral actions are the maintenance alter-
natives a technician can consider during dispatch assessment.
Step IV. Filter and rank maintenance alternatives
After a technician selects an issue to assess before dispatch, the

available maintenance tasks are filtered on effectiveness by the CSN.
Moreover, removal and installation tasks are combined. These are se-
parate tasks in the manual but usually performed sequentially in an
operational environment. Furthermore, data to evaluate alternatives by
different criteria is imported, for example the flight schedule to calcu-
late the time available before the next departure. The filtered tasks can
then be ranked by criteria and optionally by airline preference (i.e., an
airline might prefer deferral of corrective maintenance).

To further improve the alternative ranking, machine learning
methods such as support vector machines or deep neural networks can
be applied, once the decision history discussed in step VI contains
sufficient data points (which is not the case in the applications included
in this study - see Section 4). By comparing previous expected outcomes
with the realized outcomes of dispatch decisions for similar issues, the
accuracy of future expected outcomes can be optimized (e.g., by con-
sidering the historical success-rate of each corrective maintenance task
for the current issue).
Step V. Provide alternative-dispatch outcome overview
The system provides an overview of the available alternatives and

instantly shows the expected dispatch outcome when an alternative is
selected. The expected dispatch outcome is determined by evaluating
alternatives with respect to the criteria.

Based on feedback from industry experts five dispatch outcomes are
defined, which is an extended version of the definition by Tiassou et al.
[38]. The first and least disruptive dispatch outcome is a GO, where the

technician cannot find or reproduce the reported issue. This situation is
known as No Fault Found (NFF) and is usually closely monitored by the
MCC for recurrence. Secondly, a GO-IF(P) involves an issue that does
not affect safety or performance, but operator-specific restrictions may
be imposed (e.g., a seat with a defective in-flight entertainment system
is not sold). Thirdly, a GO-IF(O) involves an issue with a MEL item and
is known as dispatch by MEL. It refers to a situation where the cor-
rective maintenance action can be deferred, but must be executed
within a prescribed repair interval. This offers operators the possibility
to minimize flight disruption and plan corrective maintenance actions
at a more convenient time and/or location. An issue can only be de-
ferred if there are no conflicts with existing deferred items. Typically,
deferral still requires some light maintenance task and may impose
operational restrictions. The fourth outcome is a GO-IF(M) where an
issue cannot be deferred because it is a safety critical item or conflicts
with an already deferred item. Corrective maintenance must be per-
formed and can be completed without conflict with respect to the cri-
teria. The fifth and most disruptive outcome is a NO GO where the issue
cannot be deferred because it is a safety critical item or conflicts with an
already deferred item. Corrective maintenance must be performed and
leads to not meeting one or more decision criteria. The flight is delayed
or cancelled and recovery measures may have to be taken (e.g., an
aircraft swap [39]).
Step VI. Communicate and store decision
Once a technician determines the optimal maintenance alternative

and the captain concurs, the decision needs to be disseminated among
the stakeholders (e.g., MCC, OCC). The decision and relevant variables
are stored in the database for future reference.

3.2.4. User interface layer
The user interface (UI) is essential for the effectiveness of the de-

cision support system and is located at the bottom of the framework.
Moreover, as the framework describes a human-in-the-loop system,
each human actor, or user, in this system should be able to interact with
the DSS at the right point(s) in time. From a high-level perspective, the
other framework layers describe the automation of the majority of steps
in the decision making process, including information retrieval, alter-
native generation, filtering, ranking, and decision communication. The
user is involved in the following key steps:

• Defect selection: the user initiates the dispatch assessment process
by selecting the defect from the aircraft technical log he/she wishes
to focus on.
• Alternative selection: the user is in charge of the assessment process
by selecting a preferred alternative from a ranked list of alternatives.
As such, the user is able to overrule the ranking, allowing the in-
clusion of personal or organizational preferences and/or tacit
knowledge not represented in the dispatch assessment framework to
influence the decision making process. In effect, this retains the
ultimate authority in the process in the hands of the human actor.
• Alternative confirmation: the user verifies the output of the dis-
patch assessment process through conscious confirmation of the
preferred alternative.

To allow for these actions, the UI should be intuitive and provide
the flexibility for technicians to combine the information provided by
the DSS with their tacit knowledge (e.g., the characteristics of a specific
aircraft; while technically identical, individual aircraft have their own
characteristics and behaviour).

Specific details about the UI developed for the prototype tool for
dispatch assessment are described in the next section.

3.3. Artifact 2: Prototype

The second artifact developed as part of this research is a prototype
tool for dispatch decision making. The prototype implementation
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(covering its technology, user interface aspects and application process
will be discussed in more detail.

From a technological perspective, the prototype mobile tool for
dispatch decision making is based on Node.js.2 It provides a suitable
platform for real-time web-based DSSs due to its fast, asynchronous
processing and large number of available simultaneous connections
with high throughput. Node.js supports server-side processes, which
largely cover the database and process model layers described above. A
client-side user interface (UI) has been developed using HTML and CSS
and wrapped into an Android app. Technicians can access the prototype
on desktop computers using an internet browser and on tablets using
the aforementioned app. In line with the framework, a 3-step user in-
terface is defined where the user consecutively selects the defect to
assess, the appropriate maintenance task in the current situation and
then confirms the task to execute.

The 6-step process model that was introduced in Section 3.2.3 is
applied to elucidate the process elements of the prototype; details re-
garding the underlying technology and UI are further discussed and
visualized as part of these elements.
Step I. Collect defect reports
The process starts with the logging of a defect report. Once a

maintenance issue is captured in a defect report and duplicated to a
ground server, the prototype imports the report as a JSON file,3 which
includes information such as the tail number and fault message.
Step II. Collect aircraft data
The tail number associated to the defect report is used to collect

aircraft details from the operators' fleet information, such as the man-
ufacturer, model and CSN. These details are used to determine the re-
lated maintenance manuals, what content in those manuals is applic-
able to this aircraft and to retrieve the flight schedule of the aircraft
during subsequent steps in the process.
Step III. Identify maintenance alternatives
Three maintenance manuals are implemented in the prototype and are

consulted: the troubleshooting manual (TSM) to identify possible causes
and solutions for the reported defect, the minimum equipment list (MEL)
to identify deferral alternatives and the aircraft maintenance manual
(AMM) to provide the maintenance procedures during task execution.

Consulting the TSM
The TSM provides an overview of faults or warnings and their as-

sociated troubleshooting task(s). Subsequently, each associated TSM
task provides a “Referenced Information” table listing all possible
maintenance alternatives to resolve the issue.

Consulting the MEL
For some issues the MEL provides options to defer corrective

maintenance for a specific interval specified by hours in operation,
indicated by category (see Table 1). This enables the operator to
schedule corrective maintenance at a more convenient time and place
without interrupting the flight schedule.

Automating alternative identification
Manual consultation of the TSM and MEL is time-consuming,

especially considering that technicians do not have direct access to
maintenance documentation at the apron. The prototype mobile tool
resolves this issue by automating the alternative identification process,
thereby saving valuable time in the turnaround process. The TSM and
AMM are provided in SGML4 format, whereas the MEL is provided in
XML format. The manuals are processed by a custom-made parser5 that

is able to fully index the content of SGML-based files (e.g., SGML and
XML). The parser creates a JSON file for each document containing
information of all tags (e.g., indices, properties), which can then be
used to retrieve the actual content fast and efficiently. Simultaneously,
metadata (e.g., task reference, title, CSN effectiveness, ATA chapter and
section, revision date) for each individual task in the manuals is stored
in separate JSON files for later reference.

To determine the maintenance alternatives in the TSM, the proto-
type mobile tool uses the fault message to identify the associated TSM
task(s). Subsequently, the content of each of these TSM tasks is checked
for the referenced information table from which the individual (AMM)
alternatives are extracted. For the MEL the process is based on the ATA
Chapter and Section number associated with an issue. The MEL content
associated to this chapter and section refers to specific AMM alter-
natives to defer the defect. The entire process of extracting information
from the manuals as well as the maintenance alternative identification
is automated in the prototype mobile tool and results in a single JSON
file with all maintenance alternatives for the given issue.
Step IV. Filter and rank maintenance alternatives
The first action in this step is to filter out alternatives that are not

applicable to a specific aircraft. The prototype mobile tool auto-
matically excludes these alternatives by checking the applicability in
the task metadata JSON files.

Safety is critical in aviation and is integrated by adhering to the
procedures described in maintenance manuals. The prototype mobile
tool contributes to safety by facilitating efficient use of maintenance
documentation on and off the apron. However, it is also imperative to
minimize flight disruption and therefore time is the other critical cri-
terion to evaluate maintenance alternatives.

Available time
The time available to perform dispatch assessment and subsequent

maintenance tasks is determined by the current time and the scheduled
departure time of the aircraft. To have the most up-to-date calculation
of the time available, the latest flight schedule of the aircraft is im-
ported at this point. While the FAA defines a flight delayed if it departs
15min later than scheduled, the prototype mobile tool allows the op-
erator to manually set the “allowable delay” more or less strict than the
standard 15min, depending on their operational targets. Hence, the
available time is formalized as follows:

= +T T T T( )a std c ad (1)

where Ta is the time available, Tstd is the scheduled local time of de-
parture, Tc is the current local time and Tad is the allowable delay time.

Required time
The time required for the dispatch assessment process is the sum of

the time required to make the decision and the time required to perform
the subsequent maintenance task:

= +T T Tr dt mtt (2)

where Tr is the total time required for aircraft dispatch, Tdt is the de-
cision time and Tmtt is the maintenance task time.

The decision time is minimized by providing technicians with an
automatically generated overview of the alternatives and their expected
outcomes, resulting in having more time available for perform main-
tenance tasks. The maintenance task time for removal and installation
tasks are summed up when the tasks are combined as replacement
tasks. The time required to perform maintenance tasks can be obtained

Table 1
MEL repair interval categories.

Category Repair interval (hrs)

A specified by certificate holder
B 72
C 240
D 2880

2 Node.js is an open source, multi-platform server environment that uses
JavaScript as programming language.
3 JavaScript Object Notation (JSON) is used to efficiently transmit structured

data over a network connection.
4 Standard Generalized Markup Language (SGML) is a standard for defining

generalized markup languages for documents.
5 A parser is a software component that takes input data and builds a data

structure.
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from the maintenance planning document (MPD), although these va-
lues ignore the stochastic nature of maintenance work and rarely match
with the operational experience of operators and maintenance, repair
and overhaul organizations (MROs). To provide more realistic data for
decision support, another mobile tool to record actual elapsed main-
tenance task times was developed by a partner in the AIRMES project.
Data from this maintenance elapsed time control (METC) tool is im-
ported in the prototype for alternative ranking.

The prototype mobile tool provides an overview of the applicable
alternatives which are ranked by the required time to complete them
(i.e., from shortest to longest time to complete). Operators may choose
to display deferral alternatives first, because these are commonly pre-
ferred in an operational setting to enable scheduling of the corrective
maintenance task to a more convenient time and place. Moreover, there
is a chance that an initially selected corrective maintenance task proves
to be unsuccessful due to the nature of the root cause for this particular
issue. Operators prefer to avoid this uncertainty when the aircraft is
operational by deferring issues if possible.
Step V. Provide alternative-dispatch outcome overview
The prototype mobile tool shows a list of available maintenance

alternatives for the currently selected issue. Once an alternative is se-
lected, the prototype displays the expected dispatch outcome and pro-
vides direct access to relevant tasks in the maintenance manuals. An
example of the prototype UI visualising the task-dispatch overview is
shown in Fig. 3, where the unresolved issues are listed on the left and
detailed information of an issue is displayed on the right once an issue
is selected. The navigation bar at the bottom has the following items
(from left to right): the current user, the local time and date, the home
button for dispatch assessment, the documentation button to browse
and search in maintenance manuals, the tail number associated with
the current selected issue and a button to display information about the
prototype mobile tool. When an issue is selected on the left side, the
right side will display “Defect details” such as the creation date of the
report and the flight phase when the issue occurred. The available
“Dispatch actions” will also be shown, listing the alternatives for dis-
patch. Once one of these alternatives is selected the “Expected dispatch

outcome” is shown to the right.
Step VI. Communicate and store decision
Communicating the decision to other stakeholders and storing the

decision with relevant variables for later reference is currently not
implemented in the prototype mobile tool.

4. Results: Artifact application and evaluation

To properly evaluate the developed framework and prototype, two
case study applications are described. The first application focuses on
the information retrieval capacity in the framework and prototype (in
particular, the role of maintenance documentation towards identifica-
tion of maintenance alternatives). The second application focuses on a
demonstration scenario which has been tested and evaluated in a real-
life operational maintenance environment.

4.1. Information retrieval evaluation

The goal of this first case study application is to quantitatively assess
the time and quality associated with finding task-specific documenta-
tion. Below, the experimental setup and evaluation results are dis-
cussed.

• Experimental setup: An experiment has been set up in which a set
of aircraft maintenance technicians (AMT) trainees (N=17) have
been requested to address a set of six problem cases involving the
identification and retrieval of task-specific documentation, using
two modes of retrieval. As such, the experiment is a within-subject
repeated measures study, with a total number of 204 (17×6×2)
observations. Participants have been trained to use both modes of
retrieval before commencing the experiment. To avoid learning ef-
fects during the experiment, the order of the problem cases and
search modes have been randomized. The trainees are in an ad-
vanced stage of their training; together with careful selection of the
problem cases, it was ensured that their performance was compar-
able to what should be expected from experienced technicians. Six

Fig. 3. An example of the task-dispatch overview in the prototype decision tool.
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problem cases were defined: each case involved a brief description
of a maintenance observation that, upon correct processing, leads to
a specific and unique maintenance task as observed in the Aircraft
Maintenance Manual (AMM). To keep complexity in line with what
would be available in operational settings, the ATA chapter (de-
scribing a specific aircraft system) was made available as part of the
case information. The technicians were asked to use two informa-
tion retrieval modes: 1) Performing a search of a PDF version of the
AMM chapter, which is representative of current-day operations in
line maintenance in many settings; 2) Performing a manual search
using a simplified version of the prototype (where steps such as
defect report processing, alternative generation and evaluation were
left out of the prototype). The simplified version of the prototype
uses the Best-Matching 25 (BM25) algorithm to determine the re-
levance of documents given a user query. The prototype returns a
top 20 of results to the client. Note that this is a different setup than
within the described dispatch assessment: there, much more specific
information is available from the defect reports to directly retrieve
the relevant maintenance tasks. As such, the time necessary for in-
formation retrieval is a conservative estimate when comparing this
experiment with respect to prototype application for dispatch as-
sessment in a real-life operational environment (see also Section
4.2). The experiment has been conducted on a laptop or desktop
computer in a classroom environment, and thus the trainee techni-
cians did not experience the human factors associated to the normal
operational environment. Times were observed and recorded
manually for the PDF search method using a timer, and auto-
matically for the prototype search method using system time re-
cordings.
• Evaluation results: the experiment has been measured using sev-
eral performance indicators. For each information retrieval mode,
the number of observations that yielded a correct outcome (i.e.,
finding the correct document on the basis of the problem case de-
scription) have been enumerated as a rough measure of quality. For
the prototype retrieval mode, the number of iterations per ob-
servation taken to find the correct outcome has been tracked: as the
prototype allows to browse through a top-20 of ranked results, the
user may need more than one iteration to identify the correct result
within the ranked list. Finally, the average time in seconds required
to find the correct document has been captured. Consolidated results
of the experiment are represented in Table 2. The first indicator
(AMTs that found correct document) shows a small difference be-
tween the PDF and prototype retrieval modes in the favour of the
latter; while no definite conclusions can be drawn, this is a strong
pointer that the quality of retrieval is not affected negatively by the
novel way of searching using the prototype. For the majority of
cases, AMTs are also able to navigate to the correct document using
one attempt. Finally, the average time required to find the appro-
priate document is reduced substantially, corresponding to a 73%
reduction.6 It is worth noting that this reduction does not take into
account the additional time that can be saved by having the search
functionality available on-site, which would eliminate the time re-
quired to get physical access to the documentation.

4.2. Real-life dispatch assessment application and evaluation

Evaluation of the prototype was performed at the maintenance fa-
cilities of TAP Air Portugal in Lisbon. A maintenance scenario runs from
reporting an unexpected issue through the electronic logbook (ELB)
until completion of corrective maintenance tasks. The unexpected issue
that is implemented as a case study is carefully selected, such that it: is

not too easy so that technicians will rely on their previous experience
when resolving the issue; is not to too complicated so that technicians
would focus more on the maintenance task itself than on the use of the
prototype; and it concerns a MEL-item with an option to defer. Given
these requirements an issue with the wing anti-ice valve (WAIV) on an
Airbus A321–211 was selected as a case study. The Airbus A321–211
has two WAIVs, one in each wing, and are part of the anti-icing system.
The WAIV at the right-hand side may be inoperative with the valve
either in the open or closed position, leading to different operational
impacts. For example, the aircraft may not fly in forecasted icing con-
ditions with the right-hand WAIV inoperative in the closed position.
Below, the experimental setup and evaluation results associated with
this case study application are discussed.

• Experimental setup: to evaluate the prototype in a real-life op-
erational environment, a demonstration scenario has been set up
which is simulated and evaluated 5 times, involving a set of three
maintenance technicians representing three major stakeholders (the
technician, TS and MCC). In the case study the pilot reports a “WING
ANTI ICE R VALVE OPEN” warning on the electronic centralised
aircraft monitor (ECAM), indicating an issue with the WAIV on the
right-hand side of the aircraft. Once a defect is created in the elec-
tronic logbook (i.e., a digital version of the aircraft technical log) it
is duplicated to a ground server and retrieved by the prototype.
Based on the defect information the prototype automatically con-
sults the AMM, TSM and MEL to identify the maintenance alter-
natives and subsequently filters and ranks them, following the steps
outlined in Section 3.3. At this point the technician can initiate the
dispatch assessment process.

Each simulation results in a set of dispatch alternatives (usually
comprising between 3 and 5 feasible options, depending on initializa-
tion conditions, which primarily relate to available time as per the
flight schedule), which are subsequently ranked according to the time
criterion. To illustrate this, Fig. 3 shows the expected dispatch outcome
for a selected deferral alternative “Deactivation of the RH Wing Anti-Ice
Control Valve to the OPEN Position”. The expected dispatch outcome is
based on the difference between the time available (eq. 1) and the time
required (eq. 2) and is categorized in three categories:

1. GO-IF(P/O/M) with no delay expected, indicated in green; Tr≤ Ta
with Tad=0.

2. GO-IF(P/O/M) with an acceptable delay expected, indicated in
yellow; Tr≤ Ta.

3. NO GO, flight cancellation or aircraft swap, indicated in red;
Tr > Ta.

• Evaluation results: By automating the dispatch alternative identi-
fication and evaluation, and by bringing decision support to the
technician on the platform, the decision time can be significantly
reduced. All technicians participating in the simulation and eva-
luation were observed and interviewed. As the simulation happened
within a real-life operational environment, there was insufficient
possibility to 1) capture an accurate baseline for current-day pro-
cesses) and 2) capture a large enough sample of measurements for

Table 2
Consolidated results of the information retrieval experiment.

Performance indicator PDF Prototype

AMTs that found correct document (out of 102) 89 91
Percentage AMTs that found correct document 87.3% 89.2%
Percentage AMTs requiring one iteration – 67.6%
Percentage AMTs requiring two iterations – 15.7%
Percentage AMTs requiring three iterations – 5.9%
Average time required to find document [s] 203 55

6 Later code optimization involving conversion of Python code to Javascript
code allowed for a further reduction of 4 s per query, but these savings are not
represented in these results
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meaningful statistical analysis of results. From a qualitative per-
spective, observations and interviews indicated that the prototype
mobile tool can reduce the decision time up to 98% (i.e., from an
average of 15min per dispatch assessment process to 15 s). Note
that a major part of this can be assigned towards the automated
information retrieval from documentation (in line with the pre-
viously described experimental application), but this has to be ex-
tended to cover additional savings from integration of the end-to-
end dispatch assessment process. Given the small number of runs, a
precise distribution of savings could not be established. Qualitative
benefits include the potential to consider and compare more dis-
patch alternatives, sharing of a consistent source of information
between stakeholders, and improved availability of maintenance
documentation.

5. Conclusions and recommendations

This paper introduced a novel framework and prototype providing
real-time decision support for aircraft dispatch assessment. By following
the design science research approach, these artifacts are directly linked
to addressing a real-world problem, making a contribution relevant to
both research and industry.

The introduced artifacts address several of the issues identified in
literature by 1) providing decision support for a specific operational
process in maintenance; 2) applying and evaluating the prototype
through two case studies in experimental and real-life operational set-
tings; and 3) providing web-based integration of multiple (semi-struc-
tured) data sources for real-time and on-site decision support for a
complex decision process, including automated dispatch alternative
identification and ranking. Quantitative evaluation shows that in-
formation retrieval time is reduced by over 70%, while the end-to-end
dispatch assessment can - through automation of many of its steps,
while keeping the human in the loop for essential decision making -
indicatively reduce total process time by over 90%. Moreover, having
instant access to relevant support documentation provides technicians
with more incentive to use documentation during maintenance execu-
tion, thereby potentially reducing human risk factors that lead to
maintenance error. Although the proposed framework is tailored to
aircraft dispatch decision support, it may contribute in addressing si-
milar challenges in other complex maintenance environments. To see
how this could be achieved, it is worthwhile to consider replacing the
aircraft-specific entries in the framework presented in Fig. 2 with other
complex assets, where similarities exist in recording defects, retrieving
information from substantial, complex documentation, and using cri-
teria such as safety, time, operational impact (cost), and/or location to
inform subsequent decision making. There are several application do-
mains where advances in digitalization combine with comparable
timescales, pressures and constraints as acting in aviation, leading to
similar operational decision-making issues. Examples include offshore
assets [40], the nuclear industry [41], and healthcare applications [42].
For such applications, the framework can be maintained, but im-
plementation will naturally require substitution of the application-
specific reporting, documentation and decision processes.

Recommendations for future work include two topics. Firstly, Step
VI in the process model of the framework should be implemented by
storing the decision variables of completed dispatch assessments. This
information is valuable because 1) it can be used to evaluate the ex-
pected dispatch outcome with the realized outcome, and 2) subse-
quently this information can used to implement machine learning
methods in Step IV of the process model to improve the evaluation and
ranking of alternatives, potentially providing more effective decision
support. Secondly, the database containing the criteria evaluation data
can be expanded with additional sources (e.g., location or inventory
information) to be able to evaluate alternatives using additional criteria
and formal multi-criteria decision making (MCDM) methods.
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