
From Paper-Based Operational Procedures
to Onboard Context-Sensitive Information
System (OCSIS) for Commercial Aircrafts

Wei Tan1(&) and Guy A. Boy2(&)

1 School of Flight Technology, Civil Aviation University of China,
Tianjin 300300, China

weitan2011@outlook.com
2 ESTIA/Air and Space Academy, 64210 Bidart, France

guy.andre.boy@gmail.com

Abstract. Pilots currently use paper-based manuals, Electronic Flight Bag
(EFB) and electronic systems onboard to help them perform procedures to
ensure safety, efficiency and comfort on commercial aircrafts. Although the
manuals and procedures in EFB are not context-sensitive, management of
interconnections among these operational documents can be a challenge for
pilots, especially when time pressure is high in normal, abnormal, and emer-
gency situations. This paper presents a possible solution for an on board context-
sensitive information system (OCSIS) that would be an alternative to current
electronic library systems and traditional paper-based onboard documentation
systems. A concurrent analysis of existing on board documentation content, was
carried out to determine what are the main requirements for such OCSIS. An
analysis of context in commercial aviation is proposed and applied to a possible
OCSIS solution. This research and design work presents a methodology that
supports human-centered design (HCD) of onboard context-sensitive informa-
tion systems. We developed and tested the OCSIS in the context of commercial
aircraft flight decks. Although several findings were elicited from the various
testing sessions that we had during the design cycle of this academic work, the
main contribution is the articulation of various techniques and tools that make
HCD feasible and effective.
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1 Introduction

Civil aviation is a rich industry, which is based on constant innovations on technology,
organization and practices to improve safety, efficiency, and comfort [1]. Conse-
quently, ICAO and national regulatory organizations have to incrementally develop
appropriate standards. Flight crews follow Standard Operating Procedure (SOP) to
complete tasks and ensure safety. In abnormal situations such as a malfunction of an
aircraft system or extreme weather condition, abnormal procedures have to be used for
trouble-shooting.
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Operational documentation is regularly improved using experience feedback for
normal, abnormal, and emergency situations [2]. The onboard documents can be cat-
egorized into four kinds of documents: flying documents, which are related to all flight
operations; systems documents, which include systems’ theory, principles, and con-
trols; navigation documents, which are the charts that pilots use on the flight deck; and
performance documents, which provide operational data for all flight phases such as
takeoff, landing, and go-around [3].

These documents have been paper-based since the beginning of aviation. Today,
the concept of an Electronic Flight Bag (EFB) has been developed. “An Electronic
Flight Bag is simple and attractive: a pilot’s personal flight-deck computer. Airlines are
eager to have customized EFBs on board, and manufacturers are eager to develop and
supply them. Software providers are eager to customize software for EFBs as well.
There are multiple concepts for what an EFB is, ranging from low-end to high-end
devices” [4].

For the last two decades, the shift from paper to electronic documentation has been
discussed, modeled, and partly operationalized [5]. This shift is not a matter of
transferring paper-based information onto an electronic format (e.g., PDF format).
Electronic support offers different kinds of capabilities that paper cannot offer (e.g.,
context-sensitivity). In other words, onboard paper-based documentation can be con-
nected to flight parameters to provide useful static knowledge, which pilots need to
contextualize during operations. Electronic support provides capabilities that enable
connectivity, and consequently the provision of dynamic information in context. We
claim that electronic documentation, renamed “onboard information system (OIS),”
contributes to improving the perception and comprehension of the current situation, as
well as supporting decision-making and action-taking.

2 Re-organized Procedures with Respect to Context

The aeronautical community is constantly working on transferring related information
from paper to computer support (e.g., Airbus’s Onboard Information System and
Boeing’s Electronic Flight Bags). These new tools cover aircraft technical information,
operating manuals, performance calculations, and mission management information.
They are context-free databases. However, computer support enables interconnectivity
among relevant pieces of information (i.e., hypertext links) and between cockpit
information and flight parameters (i.e., context-sensitivity) [6].

This dissertation presents a new system, the Onboard Context-Sensitive Informa-
tion System (OCSIS), which is available on a tablet wirelessly connected to relevant
cockpit parameters. OCSIS enables and requires new information formatting (e.g., the
concept of page is no longer relevant). In addition, OCSIS’s internal information is
structured with respect to context.

“Context is any information that can be used to characterize the situation of an
entity. An entity is a person, place, or object that is considered relevant to the inter-
action between a user and an application, including the user and applications them-
selves” [7]. Context-aware computing was first discussed by Schilit and Theimer in
1994 as software that “adapts according to its location of use, the collection of nearby
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people and objects, as well as changes to those objects over time” [8]. Since then, Dey
defined “A system is context-aware if it uses context to provide relevant information
and/or services to the user, where relevancy depends on the user’s task” [7, 9].

Context patterns can be classified into three categories: independent, hierarchically
dependent, and interdependent (Fig. 1) [10]. By a conjunction of situational conditions,
the context pattern equals to situational-condition-1, plus situational-condition-2, until
plus situational-condition-X. In the sub-context, the relationship can be hierarchically
dependent or interdependent.

3 Human-Centered Design Approach

Human-Centered Design (HCD) has been used to incrementally improve OCSIS
toward an acceptable mature version (i.e., incremental prototype development, test, and
modification) [11]. The model typically represents reality in a simplified way. It pro-
poses important elements and their relevant interconnections in an appropriate,
orchestrated manner. The simulation represents the interaction that brings the model to
life, which can be used to improve understanding of interactions among different
elements that the model implements. It is also used to improve the model itself and
eventually modify it (see Fig. 2) [12]. Modeling OCSIS requires pilots’ involvement,
and interaction with other onboard systems. The process can be run on a flight sim-
ulator, which in turn produces experimental data that could be used to improve OCSIS.

The design of a system is never finished even though at some point, delivery is
required. This is why maturity has to be assessed [13]. The more OCSIS is being used
and tested, the newer cognitive functions emerge and need to be taken into account
either in system redesign, system training, or operations support [12].

Fig. 1. Relationship of context islands [10]
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During the early stage of design, it is very important to have professional pilots
involved to set up a high-level prototype correctly. They need to describe stories
applicable to the product being developed and how these historical events may be
induced during the product operational phase. This is an important role of participatory
design. In the case of OCSIS, professional pilots participated in the design process from
the beginning and in all testing sessions (i.e., formative evaluations), providing
experience feedback toward improving design.

4 Scenario-Based Design

Scenario-based design requires descriptions of how people use technology, and dis-
cussing and analyzing how the technology is used to reshape their activities [14]. It is
carried out during the early stages of the design process. During the OCSIS design
process, a prototype was incrementally developed and tested by means of using
usability principles and criteria.

Scenarios can be abstracted and categorized, helping designers to recognize, cap-
ture, and reuse generalizations, and to address the challenges that technical knowledge
often lags behind when considering the needs of technical design [15].

Since airlines are allowed to equip tablets on the flight deck to replace heavy
manuals and charts, we have chosen to implement OCSIS on a tablet. Another
requirement for OCSIS is pilots’ need for assistance in problem-solving under high
time-pressure work. In consideration of this important aspect, we developed scenarios
that enabled us to test the value of OCSIS in such situations. OCSIS scenarios were
developed keeping in mind normal and abnormal situations, as well as training and
instructing. We then developed scenarios for the following contexts: (1) Fuel Leak,
(2) Descent, (3) Approach, (4) Flaps Locked, and (5) Landing. These scenarios were
used in Human-in-the-loop simulations (HITLS) with professional pilots for OCSIS
tests. This was the first step of OCSIS’s scenario-based design.

Fig. 2. Human-centered design approach [12]
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5 Design of OCSIS Prototype

OCSIS is currently programed using Objective-C, an object-oriented language avail-
able on Apple’s hardware, on Xcode, the Integrated Development Environment for
Objective-C. The first prototype of OCSIS is applying A320 procedures and references.
The default/initial page displays procedures and actions that crews need to perform or
have performed (see Fig. 3). Parts of normal scenarios are chosen to apply in OCSIS,
such as After Start procedures. “Ready to do” actions are in cyan. Once the action is
completed and OCSIS can access the related parameters’ status, it automatically
becomes “green.” The title of flight phase, normal checklists and more information for
actions are in white. Postponed actions or checks and the title of abnormal procedures
are in amber [16].

A menu to select a particular flight phase can be set at the top of the screen. Pilots
should be free to move through menus; information flow progress is saved on each
page (see Fig. 4).

Fig. 3. OCSIS’s normal procedures interface (Color figure online)
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– Procedures: Normal procedures are categorized by flight phases, and a flight phase
icon enables manual selection of the current flight phase. Once selected, this icon
becomes green automatically. Otherwise, pilots are required to check it into green
manually. In the case of an abnormal situation, pilots can select abnormal proce-
dures or stay in normal procedures.

– Maps: A list of Jeppesen Charts is available. Their sequence can change in real-time
with respect to aircraft location.

– Performance Charts: Four categories of performance charts are available in pdf
format: Takeoff Analysis PERF, Inflight PERF, Quick Reference PERF, and
FCOM. Pilots can choose charts manually.

– Flight Plan: The current flight plan is in pdf format for pilots to check and review.
– Weather Info: Real-time weather is provided to pilots through Internet connection.
– Manuals: all manuals can be listed in pdf formal. Pilots can refer to any manuals

they need.
– Flight Blog: Pilots can type the problem or observation unusually during the flight

for ground maintenance to review and check, include flight date, flight number,
departure, arrival, and pilots’ names.

– Contact Info: The nearby Air Traffic Controller (ATC) contact frequencies are
displayed for pilots to get them fast.

The current version of OCSIS includes two abnormal scenarios, “Fuel Leak” and
“Flaps Locked”. Context patterns trigger procedures in real-time both in normal and
abnormal situations. In an abnormal situation such as “Fuel Leak,” OCSIS will
immediately inform the pilot about this malfunction by displaying a pop-up informa-
tion window (see Fig. 5). Pilots can become aware of the problem through the pop-up
window and start following actions, which directs to additional “Fuel Leak” procedures
(see Fig. 6).

Fig. 4. OCSIS’s menu

Fig. 5. “Fuel Leak” triggering
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6 Pilots’ Workload Evaluation

The first series of tests of Onboard Context Sensitive Information System (OCSIS)
were carried out in three steps with respect to three main topics: Pilot-OCSIS inter-
action, situation awareness properties of OCSIS (i.e., OCSIS’s capacity to provide the
right information at the right time with the right format – this provides pilots with
situated perception and understanding of what is going on and what should be done
accordingly), and OCSIS’s location [16]. Based on HITLS from the beginning of the
design process, OCSIS was incrementally improved after each test based on the pro-
fessional pilots’ feedback. With the improved OCSIS set in the simulator (see Fig. 7),
pilots’ workload tests were taken in HCDi lab. We invited five pilots to take the
experiment. They used paper-based manuals and OCSIS randomly during the experi-
ment in two abnormal scenarios, Fuel Leak and then Flap Locked. Some pilots used
manuals for Fuel Leak and OCSIS for Flap Locked, and some pilots used OCSIS for
Fuel Leak and manuals for Flap Locked.

NASA-TLX criteria are used to measure workload in the two sessions to compare
[17, 18]. Pilots are required to grade their workload and performance by values from 1
to 10. Based on the grading values collected from four pilots, the overall workload of
dealing with each failure is calculated (see Fig. 8).

Fig. 6. “Fuel Leak” page

Fig. 7. The set of iPad’s location
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The blue cylinders represent workload by using paper-based documents, and the
yellow cylinders represent workload by using the OCSIS under the context of Fuel
Leak and Flaps Locked. Analyze the sample mean and standard deviation of pilots’
workload by using two different references (see Table 1), we can find that these five
pilots’ workload is less when they used OCSIS in the two abnormal scenarios. As an
assistance for pilots during performing procedures, OCSIS can provide them standard
information immediately which can save them a lot of time on searching procedures
and calculating performance data. However, it still needs plenty of samples to verify if
OCSIS can reduce pilots’ workload in more scenarios.

7 Discussion

At this point, it is important to mention that this dissertation is not a classical human
factors and ergonomics research project where human issues are discovered after
engineering work is done (i.e., corrective ergonomics). It is, instead, a human-systems
integration project that is based on expert analysis of previous experience provided by
accident reports and professional pilot expertise, creative design, iterative usability,
usefulness assessments of prototypes using human-in-the-loop simulations involving
professional pilots (i.e., formative evaluations), and constant creative (re)design of
solutions. These solutions are not only technological, but also organizational and
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Table 1. Workload analyses

Numbers Sample mean Standard deviations

Workload-OCSIS 5 39.33 5.950271
Workload-Manuals 5 56.762 17.36384
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individual (in the sense of job roles and functions). The full capacity and ability of
OCSIS will not be compared to current paper-based operational documentation, but
this research is going to provide a first contribution to the maturity process of OCSIS
design. Formative evaluation helps to correct design flaws form new design decisions.
It uses heuristics and is cooperative (i.e., involves real users). This approach is strongly
based on a meticulous follow up of design history, which involves purposes (such as
the ones deduced from accident analyses, as shown above for example), solutions
proposed (including various possible options), and criteria that make design choices
possible and effective (including pilots’ activity analysis in human-in-the-loop
simulations).

We make a distinction between task (i.e., what is prescribed to be performed) and
activity (i.e., what is effectively performed) [10, 13, 19]. Activity analysis is based on
direct observation, questionnaires, interviews, and human factors studies. Today,
activity analysis is possible because we have realistic modeling and simulation capa-
bilities. It enables us to better understand how human operators execute tasks, and
eventually defines emergent activities that are necessary to accomplish their goals.
Performing activity analysis during design is one of the most important assets of
human-centered design.

8 Conclusion

One of the most critical features of OCSIS is context-sensitivity, which enhances
operational procedures following. Context-sensitivity provides pilots with more flexi-
bility in flight operations. The main issue of this approach is the definition of context
patterns. Indeed, getting the right procedure at the right time means that the system has
the appropriate context pattern that matches the current situation and triggers the
appropriate procedure. Consequently, context pattern correctness is crucial. In other
words, context patterns have to recognize the right context and propose the right
procedure to the pilot [11]. Future work will be dedicated to context pattern acquisition
and formalization in the context of OCSIS development.

Creativity and evaluation are two important processes in Human-Centered Design
(HCD). Creativity can be seen as integration of existing things [20]. Regarding OCSIS,
we integrated well-known technology and techniques to create a new tool [11]. HCD
recommends testing activity from the very beginning of design using realistic tech-
nology (e.g., realistic operating procedures and aircraft simulator), organization (e.g.,
two crewmen cockpit organization) and people (e.g., professional pilots). This
approach led to very credible simulations, which were used to increase the tangibility
of OCSIS (i.e., flexibility, maturity, and stability).

The shift from paper to electronics enables the emergence of context-sensitive HCI.
Consequently, representation of context, identification of relevant contextual infor-
mation, and actual interaction at the right time with the right information are key issues
that needed to be further explored and developed. Our approach was based on cre-
ativity. We explored various kinds of solutions that attempted to improve safety,
efficiency, and comfort on the flight deck. In future work, more scenarios need to be
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designed on OCSIS and more pilots are needed to take the experiments to improve the
system.
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