Course codeBE323E
Name / Candidate ndRoy C. Solgard/82 Jarle B. Opheim/04

Flight Safetylmplicationsassociated with
the use of Electronic Flight Bady
NorwegianOperators

Date: 15.5.2019 Total number of pages01

) NORD

University www.nord.no




© Roy C. Solgard & Jarle B. Opheim
2019

Flight Safety Implications associated with the use of Electronic Flight Bags by Norwegian

Operators
Roy C. Solgard & Jarle B. Opheim

https://brage.bibsys.no/xmlui/handle/11250/92968

Print Nord University Print Centre, Nord University


https://brage.bibsys.no/xmlui/handle/11250/92968

Sammendrag

Luftfartsbransjen er kjent for & ha hgy grad av konkurranse mellom ulike aktgrer, som
pafalgende skaper store incentiver for & kutte kostnader og gke effektiviteten. Overgangen til
digitale lgsninger er et eksempel pa innovasjon som bringer med seg lownadik gkt
produktivitet. Som falger av en stadig gkende palitelighet og datakraft, har handholdte
elektroniske hjelpemidler fatt skende oppmerksomhet fra ledelseshold. En Electronic Flight
Bag (EFB) utnytter dette potensiale ved a gke ytelsen og fariséddkerheten relativt til

hvordan oppgaver forbundet med administrasjon av flyvningen tidligere var lgst i cockpit.
Tiltros for at denne gkningen i ytelse er godt dokumentert, forblir utslaget pa organisasjonens
effektivitet i form av virkningen dette hpa flysikkerheten mer tvetydig. Bekymringer

knyttet til EFBbruk og flysikkerhet har pekt pa at interaksjonen mellom bruker og plattform
ikke er optimal og kan utgjgre en sikkerhetsrisiko. | denne studien undersgker vi hvorvidt

i nnf asi nge n Naske ofeFaf@i@rehar hatt et sitslag pa flysikkerheten, gjiennom &
spgarre pilotene selv hvordan de opplever disse digitale plattformene relativt til sin mer
tradisjonelle cockpit. Videre, sa undersgker vi hvorvidt det finnes mulige organisatoriske
forskjeller mellom operatgrene, og setter sgkelys pa enkelte menneskelige faktorer som kan
ha en effekt pa hvor vellykket denne implementeringen har veert. Vi bruker variasjonsanalyse
rettet mot & sammenlikne variasjonen innad og mellom ulike grupper pilotertistiskta
modellering til & finne den kombinasjonen av ulike faktorer som best forklarer denne
variasjonen. Vare data antyder at opplevd flysikkerhet har forbedret seg innenfor de fleste
sikkerhetsomradene som ble inkludert i denne studien. Denne opplelvesspitotene

varierer signifikant mellom de ulike operatgrene, noe som antyder at organisatoriske
forskjeller kan ha en innvirkning pa hvor vellykket implementeringen har veert. Menneskelige
faktorer hadde ogsa en innvirkning, men disse funnene er mislaluste. Alt i alt viser vare

data at elektroniske hjelpemidler i cockpit har fart til gkt effektivitet, og at denne

effektiviteten varierer mest ut fra hva slags selskap pilotene flyr for.



Abstract

The aviation sector is highly competitive, drivinganagers and business leaders to great

lengths in order to cut costs and increase efficiency. The ongoing digital revolution affecting
almost every aspect of our society, has also gained a foothold with aircraft operators. With the
increased reliance andmputing power of personal electronic devices, aviation managers are
seeking to exploit this potential. The Electronic Flight Bag (EFB) is fast become popular,
promising to increase efficiency and improve safety by replacing many of the flight
managementisks previously performed on paper or other more cumbersome platforms.
Although the efficiency gains are well documented, the affect on organizational effectiveness
in terms of flight safety improvements are more ambiguous. Inquiries into EFB usage and
flight safety concerns has showed that the humachine interfaces can pose a threat. Here

we set out to test whether the implementation of EFBs by Norwegian operators has had an
impact on flight safety, by asking the pilots themselves how they percese dbgices.
Furthermore, we investigate whether organizational differences between operators and certain
human factors has an effect. We use statistical inference methods aimed at comparing
variation between different groups, and statistical modellingitbthe best combination of
predictors to explain this variation. Our data suggests that flight safety has improved since the
implementation of EFBs for almost all the safety areas included in our study. In addition, this
perception of flight safety seerttsvary between operators, suggesting that organizational
effectiveness is not unison across different companies. Human faet@also found to have

an impact,but these results are less statistically robust.
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1 Introduction

1.1.1 Background

Theaviation industry is putatively a highly volatile sector. In order to stay competitive and
increase orgamational efficiencyaviationoperators are constantly looking for new and
innovative ways to cut costs. The availability of more reliable and powerful software and
hardware solutions integrated in various electronic platforms, represents one area which air
operators are seeking topait (Scott, 2007; Carey, 2013)he increased efficiency resulting
from safer information distribution, larger data handling capabilities, and automation,
contribute to a more efficient organization (Airplanes, 2005; Higdon, 2@ltfhpugh more
constraned by regulations, aircraft manufacturers and suppliers of variebsard systems

has followed the general trend towards the more paperless society facilitated in part by these
devices. The terrilectronic Flight BagEFB) refers to the digital revolatin concerning

flight deck management, where EFBs can replace many of the features and functions that
traditionally has been performed on paper (CASA, 2038B8ice the introduction of Electronic
flight bags (EFBSs) into civil aviation around 15 years ages¢hdigital solutions have now
alsobecome a common tool for flight crews in many major Norwegian air carriers. Their
increased popularity ielledin part by the increased demands placed on aviation businesses
to be cost effective in an ever more conitpet marked. EFBs allows operators to cut costs
through increased organizatadrefficiency (e.g., Ates, 2017). Specifically, this is achieved by
placing more tasks on flight crews which previously required more expensive and often too
inflexible auxiliary services (e.g. thirgarty calculation of mass and balance and various
performance aspects of the flight). In addition, EFBs provides more effective me#mes for
operationalmanagemenbranchto distribute information such as bulletins and procedural
updates, and it provides flight deck crews with more pertinent access to relevant
documentation. The whole philosophy of the EFB concept is to replace the traditional and
cumbersome flight bag, and by doing so, facilitate for a more effective organizati@an an

safer conduct of flight operations.

While the benefits related to EFBs are putatively beneficial from an efficiency standpoint, its
impact on organizational effectiveness and flight safety are more ambiguous. Concerns about
task saturation, increasado r k| oad, more fAhead downo ti me,
hazards needs to be fully understood in order to mitigate risks (Chandra et al.,



2003). Numerous publications have addressed how-gilB interaction might affect flight
safety (Chandra et aR009; Volpe, 2010; Volpe, 2014; Tump et al., 201n Norway

however, there has not been conducted any4{scgke studies into the potential safety impact
of EFBs, despite the widespread usage of these digital solutions in all major Norwegian
carriers.The ability of EFB solutions to mitigate safety threats is ultimately the measure of
success for a typical safetyiented organization (e.g., Wong et al., 2005). As the reliance on
these digital solutions only increase, a mordepth understanding dsiimpact on flight

safety is arguably warranted.

1.1.2 The Electronic Flight Bag

The traditional flight deck contains large volumes in paper. Requirements imposed by
regulators, as well as the complex nature of safe aircraft operation, meant that cockpit crews
needed to have access to this information while on duty. Collectively this material and the
luggage it was carried around in, was referred to as flight bagpéperbased flight bags

PFBs). Documents containing operational procedures, aircrafttmgensanuals,

navigational charts, flight plans, and other information pertinent to a particular flight, made
these PFBs cumbersome since they added to considerable weight. More importantly, the
effort of finding information, processing it, and producel&able and accurate result took
considerable time and was more prone to errors (Airplanes, 2005). This was particularly so in
tasks such as the calculation of critical flight parameters (e.g., mass and balance, and
performance calculations). If one definefficiency as the elapsed time between the desired
results and the efforts employed to achieve that outcome, PFBs represented a great potential
for improvement. Subsequently, pilots and operators in the 1990s stared to employ various
electronic platfornto help administer flight deck duties. The term electronic flight bag
emerged talescribe these electronic display systems intended primarily for cockpit or cabin

use.

As development in technology has progressed and demand from operators increased,
regulators have adapted the rules of the air accordingly (figslthere are a diverse number
of digital solutions with different levels of aircraft integration, the U &ldfal Aviation
Administration (FAA) published Advisory Circular (AC) 12BA, Guidelines for the
Certification, Air worthiness and Operational Approval of Electronic Flight Bag Computing



Devices. The EFB hardware was dividedo three subcategorieSlass 1, 2, and 3. The
hardware required different approvals off the authority depending on their class.

Regulatory Update

Policy Change over Time - Class 1 (Portable/off he-shel) Re-classified
« Class 2 (Mounted/specialized) « Portable
« Class 3 (Installed equipment) + Installed
, — ‘o iPad EFB “—
o ’ PN :
\ ", Class 2EFB
[ Al
2014 | 2015 | 2016 A

== — s Ty i
o I I I I

FAA FAA EASA FAA EASA FAA FAA EASA
AC120-76 AC120-76ATGL 36 AC120-76B AMC 20-25 AC120-76C AC120-76D EFBIR
(draft) (draft)

Windows
Tablet EFB

Class 3 EFB

1

Figure 1. EFB policy timeline. Regulators in both the US and Europa has issued a series of advisory ci

in order to help manufacturers, users, and management in handling the EFB transition more safely.

Class 1 EFBs are defines as standalone lapRops| m P etd., odrné@aky used to support the
operation during peflight preparations but not necessarily used during flight. Class 2 EFBs
are technically usinstalled items but could be mounted in the flight deck. Most Class 2s will
be able to receiveatia from the aircraft but could not send any data to the aircratft.
Subsequently, new airworthinessguirements is not required to be implemented. Class 3
EFBs are despite class 1 and 2, considered installed as a part of the aircraft hence requiring
airworthiness approvaHAA, 2002). In Europe, The European Aviation Safety Agency
(EASA) developed similar regulations for commercial aviation. EASA has worked with
modernizing the rules governing EEBs well as harmonizing them with other worldwide
standardsind best practices. EASA make the distinction between portable platform, which is
not part of the certified aircraft configuration, andtalled platforms, an EFB host platform
installed in the aircraft and considered as an aircraft part, coveredbytthg, aircraft
airworthiness approval (EASA, 2014). Furthermore, EASA classify software solutions by the
consequences of failure, where tydeapplications imply no safety effects, while tyBe

application failure would impose a safety threat.

Today, mo@rn EFB devices can display a variety of aviation data: checklists, navigation
chart s, pil otbés operating handbook ( POH)
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data, fuel calculations). The scope of the EFB system functionality may also inctiglesva

other hosted databases and applicatidgidght safety foundation20®). The EFB enables
electronic documents to be reached and used in flight, which can even be integrated with
airborne avionic systemsAs the varieties of applications used ahe tontent management

and distribution systems in EFB changes, the specific benefits of EFBs are also changing and
updating respectivelyn more recent years, tl&-B systems have become even more cost
effective as more off the shelve hardware has belentalprovide the necessary computing

power and software integrations (McKenna, 2013).

AAccording to United Abasedflightegagcontans an@avenage oft i o n a
12,000 sheets of paper. The airline estimated that deployment of an ERB aysténg on
Apple iPads would save the airline nearly 16 million sheets of paper a year, as well as save
326, 000 gallons of jet fuel due to the r
(Computer Science and Information Technology 5(4)-128, 2017)

Modernday uses of EFBs include everything from access to information, to providing a
primary source of navigation in a fully integrated digitized flight deck. Today, EFBs are in

some form or another, implemented by most major western carriers.

1.1.3 Organizational and human factors

From an organizational standpoint, managers need to consider both organizational and human
factor elements when implementing new procedures or technologies (Smith et al., 1995). The
factorial output of the organization has become safetifitwhere effectiveness is measured

in frequency of unwanted events (Flouris et al., 2009). Subsequently, the organization is only
viable to the extent it can mitigate threats and sustain acceptable levels of safety violations.

To achieve this level of &ety, an evaluation of both formal and informal organizational

elements and their contributions could improve effectiveness (Jacobsen & Thorsvik, 2013).

As there are strict rules and regulations to be followed, a clear definition of responsibility, and
ahi gh degree of formalization, the typical a
resembles a machine bureaucracy structure (Jacobsen & Thorsvik, 2013). There is a clear
horizontal and vertical specialization into different areas of expeaiskthere is a

widespread use formal elemeatdictate organizationdlehaviour There is a major reliance

of standardized operating procedures (SOP) in place that facilitates strict control of

operations, often accompanied with a hierarchical managerial structure. This formal

4



organizational structure has historically received thetratiention with operators as it was
believed to affect thbehaviourof individuals the most (Jacobsen & Thorsvik, 2013). The
individual freedom to choose how to perform tasks has been sacrificed for the need for
standardized procedures and uniformitypérations. In recent years however, the informal
elements have received increased attention, particularly within the aviation ststorgich

& Merritt, 2017). These informal elements consist of norms, traditions, social networks,
human emotions andtaudes, culminating in an organizational culture and how this affects
effectiveness. This has also been recognized in aviation safety managemenstyas a

important part of a wellunctioning Safety Management System (SMS) wish is the reliance

on safetyreporting, and that it encourages and facilitates a safety culture bagest cuture
(Reason, 2016). The way you are treated in a just culture, contributes to trust and respect,
which, according to ICAQO's descriptions of safety culture, is dependedust culture is

crucial in achieve a high level of reporting, which is the prerequisite for aungitioning

SMS system. The counterweight to just culturkl@ne cultureor fear culture, where one is
looking for a placement of guilty subsequentlgrbing the individual for the incident

(Woods, Decker & Cook, 2010). Blame culture often reflects poor leadership, where leaders
will hold others accountable when something goes wrong rather than taking full responsibility
and encouraging and seeking actidinat in the future will be similar events. A third variant is

no blame culturewhich is an organizational approach that is categorized by sensible attitudes
to errors and near misses, based on the assumption that there is no perfect system. It is
important to create an atmosphere of trust where employees are encouraged and rewarded to

report potentially dangerous catastrophic errors (Proverva, Montefusco & Canato, 2010)

As we have seen, the effectiveness of a typical modern aviation organizationndetepen

a multitude of different elements. However, business managers also must consider not only
the effectiveness of the organization, but also its efficiency (Ostroff et al., 1993). An
organization can be quite effective at producing flight safetyitlmain be quite inefficient in

doing so, using up vast sums of resources in the process. Any rational organization will seek
to limit its expenditure, maximizing its results using the least amount of recourses required.
Without such an approach, the orgation will not be sustainable in the long run (Jacobsen

& Thorsvik, 2013). Hence, in the interaction between efficiency and effectiveness in aviation
organizations, there lies a potential for conflict of interest (ICAO, 2012). An organization is
ultimatdy forced to define its safety goals by balancing production towards an acceptable

|l evel of risk. The aviation industry has |
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management dil emmao (I CAO, 2012) .a Inrapgredgtic
spaceo is established. I n order to maintain
internal processes and procedures. In addition, the development and implementation of new
technology can farther strengthen the barrier by matkiegrganization more efficient.

Through increasing efficiency, the organization can maintain the desired level of effectiveness
through the spending of fewer resources. The electronic flight bag (EFB) represents one such
effort, promising to increase etfency by providing a reliable digital platform intended to

replace many of the tasks traditionally handled on paper.

1.1.4 Typical integration of EFB in an organization

Business managers in Norway has also recognized the potential efficiency gains to be had
from the digital flight deck management transition, as most major operators have now
incorporated some sort of EFB solution to their respective flight decks. A typical integration

of EFBs can be considered as a sequence of four phases (Borgen, 2018):

In the first phaseof the EFB implementation, it was only maps, and other documentation
that were transferred to a digital platform. Previously, the pilots used maps, as well as
operative aircraft operation manuals in paper version. Required maps usetlighthe
operations were taken out of the company's routing manual and were subject to updates once
a week, where pilots had their own personalized route manual responsible for carrying out
mandatory updates. On average, the pilot's former manual (EFB)etddgptween 15 and 20

kg. By digitizing it, it was possible to meet the first cost savings through reduced weight on
the aircraft. In addition, the chart subscription for each pilot was less expensive, as the
transmission of these per letter item ceasée. first phase of the change process therefore
included only limited training and use. The first approval for the EFB project, which was
issued by the Civil Aviation Authority (Norway), assumed that the pilots should have access

to maps and documentationth electronically and in paper format.

In the second phasethe EFB was clarified to be able to process the operational flight plan
digitally. Traditionally, the work on the operational flight plan was very primitive. The
operational flight plan containedformation on which route and altitude the flight was

scheduled with, and the pilots themselves had to use their skills to calculate the necessary fuel
and choice of alternative airport if the flight could not be carried out as planned. Otherwise,

all flights were planned with a fixed route and altitude, regardless of weather conditions,

6



traffic, airspace closure and other factors that could affect the flight. In addition, the choice of
speed in the different phases of flight was determined by the pitsel, but there existed a
culture to always fly at maximum speed. The operational flight plan was printed in paper
format at the moment the pilot checked in to the company's computer systems. Since the
operational flight plan now are processed digitdtgre were opportunities that did not exist
before.By digitizing this platform, it was now possible to handle large amounts of

parameters. These parameters provided the basis for issuing extremely precise operational
flight plans, taking into account faw's such as weather, traffic, airspace and aircraft
performance. The result was that each flight was planned according to the parameters that the
company itself chose to use. In Widerge, all flights are planned based on conditions that
provide the most ctoptimal flight. In practice, the pilot gets access to this information in

the operational flight plan and is used in the further planning. This, however, requires the
pilots to change their established routines and work patterns and acquire attitdesttin

the new regime. This phase of the change process therefore included changes in working
methodology, procedures, culture, competence and attitudes. These factors were important to
handle properly by operational management to ensure the desirkéd resu

In the third phase, weight and balance calculation were included in the EFB system.
Previously, this was handled by qualified ground staff at the departure gate. The work
consisted primarily of planning the aircraft's cargo consisting of passengggage and

freight. Through computer systems that only the ground staff had access to, then the weight
and the balance of the aircraft were calculated before the cargo report was handed over to the
pilots before each departure. The pilots had to studykmewledge about weight and

balance calculation while at the same time change their working methods.

In the fourth and final phase, the calculation of the aircraft's services during departure and
landing is integrated and transferred to the EFB platforres&hwere calculations that were
previously performed with paper tables and a simple electronic performance calculator. The
data used were partly roughly rounding figures, which caused limiting departure weights that
could have consequences for the numligassengers and luggage and, likewise, increased
engine power setting during a flight. These were factors that were expensive. After a new
digital version, the pilot now operates with dynamic and detailed figures for the entire flight
from A to B. This gves a better overall picture for the pilot.



After the digitizing in to EFB, it became possible to look at this operation in a whole new
spectre The idea was to transfer this responsibility to the pilots, so that the human resources

in thisoperation were significantly reduced. The consequences were that, as stricter
requirements for calculations and calculations are made before departure are filled in
correctly. In order for one to fail, the pilots do their own calculations before compaeng

data and then following a fixed procedure for programming the aircraft. Finally, a copy of the
calculations is submitted to the company's database before each departure. Key elements that
were affected here were therefore training, competence andecimargdations to leadership.

1.1.5 Study purpose and research questions

AWe are investigating whether the i mpl ement
resulted in a change in flight sz

The EFBs has putatively improved efficiency to such an extent that it remains highly unlikely
that the industry will devolve to a papeased system. However, the ultimate measure of the
success of EFBs, will be to what extent it has strengthened or veshtenacceptable risk

buffer. With improvements in efficiency comes promises of improvements in effectiveness, as
safety margins are allegedly increased. Indeed, one of the strongest arguments supporting an
EFB-transition are flight safety gains. The EfBplementation by Norwegian operators thus
provides an excellent opportunity to evaluate if efficiency translates to effectiveness-in high
risk organizations. Here we set out to test the effectiveness of thér&fdtion by

guant i fyi ng Haenwfflight dafety aschanged sineehe implementation of
EFBs to their flight deckdVe investigate whether flight deck crews experience any
differencein their ability to conduct a safe flight after the introduction of EFBs. Furthermore,
we analysdf organizational and human factors have any impact on how the individual pilot
perceives the transition from a ge€B flight deck environment. These insights might help

both managers and regulators in gaining a better understanding of how the implemetati
EFBs and similar largecale operational transitions is affected by organizational and human

factors.



1. Has the implementation of EFBs by Norwegian operators increased organizational
effectiveness?

In aviation, effectiveness idtimately measured in terms of flight safety gain or loss. We use
the individual pilot experience as a unit to measure the effectiveness of EFB implementation

across all major Norwegian operators.

2. Are there organizational differences between operatsf?

From an organizational standpoint, both informal and formal structures affect the
effectiveness of the organization. We propose that the degree of variation between operators
acts as a proxy for differences in various organizational elements betwgeNtawegian
operators that could be investigated further in order to make similar implementations more

successful and effective.

3. What is the importance of pilot background, experience, or attitudes?

From a managerial perspective, it is not only imi@ot to evaluate from an organizational
standpoint, but also to understand how everyone contributes to the system. Particularly in
aviation, where a lot of responsibility and trust is put on each individual, valuable insights
could be gained through a batunderstanding of the human factors involved. Individual
differences in employee background, experience, or attitudes could contribute to how pilots
perceive the EFB transition. We hypothesized that some of these human factors could help

explain potentl differences in answers between participants across all operators in Norway.

1.1.6 Scope

This study aims at using statistical methods to infer relationships between a set of
predetermined predictor and response variables. These variables are selected for thei
relevance in the literature and based on the authors combined experience from aviation.
Hence, the study is limited to discussing the relationship between this particular draft of
potential independent and dependent variables. Other conclusions midhif sesother set

of variables where to be included. Data is gathered and quantified frenesetted
responses from a questionnaire distributed to pilots in Norway speaking one of the three

Scandinavian languages. The study incorporates responsdsoomiynajor commercial



aviation operators in Norway, and has no data of minor operators, the business aviation
sector, or the private/aero sport community. The study concerns itself with flight safety and
EFB usage, focusing particularly on the importanicerganizational affiliation and attitudes,

background, and experience of the pilot respondents.

1.1.7 Reading guide

The study proper is divided into fiaectionsIn section2, we outline the theoretical
frameworkfocusing on the development of flight safétgory and how this is incorporated at

the organizational level. We then go on to review some important progress and findings made
in flight safety research from an EFB perspective. These insights are used to design the 16
response variables in the questiaire (fig. S1), so that flight safety can be accurately

guantified according to our EFB oriented perspectBextion3is devoted to discussing the
methods used. A brief description of the study design, survey design, and question selection
regime makeup the first part of this chapter. The second part is reserved for the analysis

itself, divided into three sections each of them representing one of the three research
qguestions. This latter structure is mirroreg@attion4, where the results are presssh This
welcomes theeaderto easilyevaluatehe methods used and the results attained by them,

while being reminded about the research questions as they form the headline of each section.
In section5 we proceed with a discussion of the findings. We elected not divide up this
sectioninto subsectons, as we believe that the results are best interpreted as a coherent
whole. Finally,section6 make up the conclusion where we summarize the main findings by
revisiting each of research questions. We explain some limitations and propose potential ways

forward in exploring the relationship between EFB usage and flight safety.

The reader will be advised to referttee Appendix at the very end of this study for support
material. Several figures and tables can be reviewed here for more in depth détails of t

statistical analysis particular.
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2 Theoretical framework

Alf you think safety is expensive,

(Dr. Trevor Kletz)

This chapter presentise frameworkhat will form thetheoretical foundation needed to

pursue our research questiofne evaluate flight safety with regards to EFB®ir main

topics were deemed crucialccess to information, distraction, situational awarenass,

workload The survey that the participartsmpleted, would give them the opportunity to
compare how they consider flight safety after the implementation on EFB, to how they
experienced the traditional flight deck. To better understand how this is affected by the entire
organization, weefer to models and systems that are used to measure safety management
within the organization, as well as highlight the field of human factors that is so central in

flight safety theory and research.

A crucial step in answering our research questions involves quantifying flight safety
perception in pilots. As with any study that involves hurbahaviour a key challenge is to
design study questions that can measure responses from the survey patiCpaotthis as
accurately as possible, we based our questions on developments in flight safety theory,

outlined below.

2.1.1 The evolution of flight safety

Traditionally, fight was regarded as a higisk activity, but the industry has over many years
undegone major changes with technological developments and the introduction of modern
passenger aircraft, as well as a better understanding of the interaction between people and
technology. This due to unfortunate experience from accidents andcwdentsled to

improving routines, procedures, education and training, and the focus on the human factors
has been strengthendthe United Nations International Civil Aviation Organization (ICAO)

looks at developments in aviation safety as three eras (fig. 2).
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Figure 2. The evolution of flight safety. There has been a steady development towards incorporating ot
aspects than purely technical malfunctions etc., to the point of recognizing that organizational behaviot

influence flight safety profoundly.

The technicaéra, from the early 1900s to the late 1960s, aviation developed into a form of
mass transpartwhere safety deficiencies were discovered, primarily due to technical factors
and technical errors. The safety focus was therefore to investigate andertipequrely

technical. In the 1950s, technical improvements led to a gradual decrease in the frequency of
accidents, which led to safety work being extended to regulatory compliance and oversight
(ICAO. Int).

The subsequent era from the early 1970s tortite1990s is characterized by the human

factors, dubbed aptly tHduman factors eraThe number of aviation accidents in this era was
significantly reduced due to major technological advances and improvements in safety
regulations. Aviation became a saferm of transport, and aviation safety was expanded due

to human factor related issues, including human and machine interaction. This led to a search
for safety information beyond what was generated by previous research. Despite changing
focus and investent in new aviation safety tools, human performance continued to be
mentioned as a recurring factor in accidents. The use of new methods within the flight safety

tasks aimed at human factors (Human factors) focused on the individual, without completely
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considering the operational and organizational context. It was not until the early 1990s that it
was first recognized that individuals operate in a complex environment, which includes

several factors that have the potential to affettaviour(ibid).

Hencethe organizational erdrom the mid1990s to present, began. During this period, one
started to look at safety work in a system perspective, which included organizational factors
as well as human benefits and technical factors. The term "the orngamataccident” was
introduced and one began to look at the impact of organizational culture on risk management
(ICAOQ, 2012).

2.1.2 Flight safety models

Much of the theoretical framework stems from years of research into accident prevention and
mitigation. A well-knownrisk analysis in aviation is the Swiss Cheesmlel, developed by

James Reason of the University of Manchester (see Reason et al., 2006 for an overview).

Organization Workplace People Defences Accident

\ E,,O,s

Woy,
ki
con%f’ni

/

R
"’/aﬂb,,s

\AAA/

Latent conditions trajectory

Figure 3. The Swisscheesemodel | n or der of accidents to occur

in a Aswiss cheeseo.

The model graphically illustrates the complexity of accidents and is used in risk analysis and
risk management in aviation safety. It deals with howauses of accidents, symbolized as

slices of Swiss cheese set up behind each other, where each slice represents a risk level.
Reason's hypothesis was that most accidents could be traced back to 4 causal levels induced

by four cheese slices, with the fithree layers representing latent causes (errors), while the
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last being active errors that trigger the actual event and accident. The latent causes are
attributed to organizational influence, Unsafe supervision, preconditions for unsafe acts, on
which thelatter represents unsafe acts. Typededénceare layered behind each other and

protect against the risk of developing into an accident. Former air safety efforts focused
largely on identifying the active failure that triggered the accident, suchcaggilire or

technical failure. This model represents latent states that may be present for a long time before
an event results in an accident. In the model, an origefainceagainst accidents is

illustrated as a series of barriers represented as $licthe Swiss cheese. The holes in the
cheese slices represent the individual weakness of the system and are variable in size and
position. The system as a whole will produce errors when the holes in each of the layers are
aligned and coincide so that thecident passes. (Reason, 2016). One way to use the model

can be to reduce the possibility of human error by inserting several barriers into the system, as
this will cause more things to go wrong before the accident is af&calso have such

barriers n the form of legislation and regulations, supervision and at the organizational level.

If one had managed to eliminate all the risks, such protective layers had been 100 percent
tight, but in reality, they are more like slices of Swiss cheese with sénaesl. The holes in

the cheese slices represent latent errors and defects in the different layers. Although there are
several holes, a threat will often stop in one of the other barriers to avoid an unwanted event.
But if circumstances cause holes in méayers to fall in line, there will be the possibility of

an accident.

Another influential framework is represented by the SHELL model (Edwards, 1988)s Bhis
conceptual model of human factors that clarifies the scope of aviation human factors and
assists in understanding the human factor relationships between aviation system
resources/environment (the flying subsystem) and the human component in the aviation
system (the human subsystem). The SHELL model was first develogdday Edwards

(1972) and later modified into a 'building block' structure Fnank Hawkins (1984 he

model is named after the initial letters of its components (software, hardware, environment,
liveware) and places emphasis on the human being and human interfaces with other

components of the aviation system. (ICAO, 2019).
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Figure 4. The SHELL modelsSoftware- the rules, procedures, written documents etc., which are part of
standard operating procedures (SG®Rrdware- the Air Traffic Control suites, their configuiah, controls
and surfaces, displays and functional systégnsironment the situation in which the-H-S system must
function, the social and economic climate as well as the natural envirorniventare- the human beingsthe
controller with other cotrollers, flight crews, engineers and maintenance personnel, management and
administration peoplewithin in the system.

The SHELL model adopts a systems perspective that suggests the human is rarely, if ever, the
sole cause of an accidefhe systems perspective considers a variety of contextual and task
related factors that interact with the human operator within the aviation system to affect
operator performanc@s a result, the SHELL model considers both active and latent failures

in the avation system. Each component of the SHELL model represents a building block of
human factors studies within aviation. The human element or worker of interest is at the
centreor hub of the SHELL model that represents the modern air transportation system.
human element is the most critical and flexible component in the system, interacting directly
with other system components, namely software, hardware, environment and liveware.
However, the edges of the central human component block are varied etgerggruman

limitations and variations in performance. Therefore, the other system component blocks must
be carefully adapted and matched to this central component to accommodate human
limitations and avoid stress and breakdowns (incidents/accident®) avitition system. To
accomplish this matching, the characteristics or general capabilities and limitations of this

central human component must be understood.
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2.1.3 The safety organization

As we have seen, in the field of safety research over the |2kl g@rs, a realization has

been made that human actions including mistakes cannot be understood in isolation but must
be regarded as part of a system (summarized by T@I, 2005). To understand how the pilots
will be influenced by this system; i.e., the organmathey are employed in, and part-afe

need to look at how the safety organization is structured. According to Jacobsen & Thorsvik
(2013), organizations are regarded as production systems. Because organizations have one
common goal of producing sometlyi, we distinguish these from other social groups. This
means that all organizations must produce something. Organizations are designed in a way
that some believe is the most effective way to solve the task. In aviation, effectiveness is
measured in how ghorganization handles risks. Years of flight safety research has led to new
and innovative ways to promote flight safety in the organization, increasing its effectiveness
through a deeper understanding of how both formal and informal organizationaffests

flight safety.Subsequently, @/view the safety organization in the context of the flight safety

management approa¢iCAO, 2012).

The formal elements of a flight safety organization relate how the organizational structure is
adapted to handlingsk. In addition to traditional data collection and analysis, limited to data
gathered by accident and serious incidents, the safety work has been extended with a new
proactive approach. Proactively collecting amdlysingdata was initiated routinely, dmot

as previously only reactive to monitor known safety risks and to detect emerging safety

issues. This improvement provided the basis for moving towards a "safety management”
(SMS) or safety management approach (ICAO, 2012). SMS is a comprehendiyes\sstfm

that is required by law for all airlines that are registered in and operate in a country affiliated
with the EU. The system was introduced in connection with the renewal of a common
European regulatory framework in 2014 by the EU agency EASA. Syfsitem is designed to
continuously improve safety by Identify hazards, collectamalysedata, and continually

assess safety risks. Through SMS, one proactively seeks to control or reduce risk before it
results in accidents and incidents. (ICAO, 20T2e system is also intended in providing the
operator with a framework for establishing and developing a positive air safety culture in the
organi zation. According to Stollt®adynamend Gogl
risk management system based on quality management system (QMS) principles in a structure
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appropriately on the operational risk, appl:.i

The scope of the SMS is based on the ICAO framework and EASA regulairdds!t and
highlights how flight safety saturates and defines the way in which organizations needs to be

structured. It consists of four pillars of safety manageme@®Q@, 2012, fig. 5).

Safety Policy
and
Objectives

N\ N\

Safety Risk
Management

Safety Safety
Assurance Promotion

N\

Figure 5. The four pillars of safety management.

Safety Policy and Objectives; every business must have set guidelines, procedures, and
organizational structure to achieve its goals. The most important thing is that safety must be
rooted in theorganization, through the management's defined strategy, methods, processes
and organizational structure to achieve the goals (FAA, 2015). Safety Risk Management;
safety risk management is the analysis and elimination, and mitigation to an acceptable level
of the safety risks of the consequences of identified hazards. Safety Assurance; safety
assurance activities focus on assessing the health of the organization, with an emphasis on
safety. safety Promotion; operators must identify safety training requiterioe each level

of management and for each employee group.

The safety organization must set guidelines, procedures, and organizational structure to
achieve its goals. The system needs procedures in place that describe responsibility, authority
and expetations. The most important thing is that safety must be rooted in the organization,

through the management's defined strategy, methods, processes and organizational structure
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to achieve the goalsbfd). The commitment of the senior management to sasetgfiected in

a policy statement, which is signed by the Accountable Executive. Safety management
activities must be documented appropriately and be available to all employees. In addition, a
system forSafety risk management must be implemented. Thélernhe analysis and
elimination, and mitigation to an acceptable level of, the safety risks of the consequences of
identified hazards. The objective of risk management is a balanced allocation of resources to
address all safety risks and viable safetisicontrol and mitigation. It is a dedaven

approach to safety resources allocation. This leadsféty assurancactivities, which focus

on assessing the health of the organization, with an emphasis on safety. Specific goals for
improvements in alireas should be set for all senior operational managers. Safety assurance
should include monitoring of external sources of safety information and include participation
in regional safety groups or safety data sharing organizations. External or intengescha

may introduce new hazards to operational activities.

Processes must exist to manage organizational responses to regulatory changes, major
changes in operational procedures, or new activities such as new airport destinations. Safety
reporting systems should have processes established to identify new risictieeig

monitor performance in new areas of the operation. Finally, the ICAO and EASA regulations
recognize the need feafety promotionOperators must identify safety training requirements

for each level of management and for each employee groupy Safaing for operational
personnel should address safety responsibilities, including complying with all operating and
safety procedures, recognizing and reporting hazards, and ultimately ensuring that employees
have the knowledge and skills to safelymete work activities. Communication of safety
information is a key responsibility of the Safety Manager. Continuous improvement and
learning are accomplished through the sharing of lessons learned from investigations, hazard
report analysis, and operatial safety assessments. Feedback to operational personnel, such
as examples of procedural improvements as a result of safety reports, is an essential feature of
safety communications.In addition to these formal elements, there also seems to be broad
consesus that it is possible to distinguish between different organizations or businesses based

on its safety culture. According to Pidgon and O"Leary (1994), safety culture is defined as:

n(é) the set of beliefs, nor hpsacticeswithinanude s,

organization which are concerned with minimizing the exposure of individuals both within

and outside an organization to condition
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In Jacobsen & Thorsvik, 2013, it is argued that a strong organizingewill gather

employees in a common experience of belonging and community. Organizational culture can
have a strong impact on members of the organization, such as the formal structure, and appear
to have five general effects ®mehaviour Culture will aeate belonging and community

(Mayo, 1945), which will create a sense of safety, and that will make groups act and think
relatively equally. The community and identity that a strong organizational culture can

provide will be motivating (Deal & Kennedy 1982incoln & Kalleberg 1990). With

common goals and valuesthe culture, it will create motivation to perform, and one can get

the feeling of working as a team, rather than alone, which has also proven to be a strong effect
on motivation (Latham & Pirgr 2005).

Between management and employees, trust is an important factor. By a strong culture, the
stronger the better it is claimed, confidence will lead to the need for less monitoring. The
employees will also act in accordance with the norms of thenazgtion / group they are
members of (Fukuyama 1995; Gold & Campbell 202). When we have studied that culture
creates belonging, experience of fellowship and trust between those in the culture, this will
then lead to collaboration and coordination (Jasebs Thorsvik 2013) becoming easier.

This will apply between people, groups and hierarchical levels. When you trust each other and
feel a kind of mutual interdependence, you want to work for this community rather than for
your own interests. One will bélke to develop a common language, a common way of
communicating, to facilitate collaboration (Chatman & Spataro 2005). The culture will often
providerecipeson how employees should act in given situations (Ray 1986; O Reilly 1989;
Pfeffer 1997), a kind of governance or structure. What we couldeaslemaking because
culture then contributes to the employees emphasizing conditions that are considered
important in culture (Perrow 1986; Barley et al. 1988; Huang & Wu 1996). Organizations
with extensive trust between managers and employees can be more effective than an
organization using traditional bureaucrad@ministrative management tools (Peters &
Waternman 1982; Fukuyama 1995).

Indeed, avery important part of a weflnctioning safety management system is safety
reporting and that it encourages and facilitates a safety culture basast Guoltlire. The way
you are treated in a just culture, contributegrust and respect, which, according to ICAQO's

descriptions of safety culture, is dependent on. Just Culture is so important to achieve a high
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level of reporting, which is the prerequisite for a wakctioning SMS system. The

counterweight to just cture isblame culture or fear culture, where one is looking to find the

place that is guilty of an unwanted event and then blame the person for the incident (Woods,
Decker & Cook, 2010blame culture often reflects poor leadership, where leaders will hold
others accountable when something goes wrong rather than taking full responsibility and
encouraging and seeking actions that in the future will be similar events. A third variant is no
blame culture, which is an organizational approach that is categbyzezhsible attitudes to

errors and near misses, based on the assumption that there is no perfect system. It is important
to create an atmosphere of trust where employees are encouraged and rewarded to report

potentially dangerous catastrophic errors {rea, Montefusco & Canato, 2010).

Benefits from having a just culture versus a blaming culture would be increased safety
reporting, thrust building, and a more effective safety and operational management.

A just culture support learning from unsafe aatstider to improve the level of safety
awareness through the improved recognition of safety situations and helps to develop
conscious articulation and sharing of safety information (Flight safety, GAIN Working Group
E 2004; fig. 6).

INFORMED CULTURE FLEXIBLE CULTURE
Those who manage and operate the system have A culture in which an
current knowledge about the human, technical, organisation is able to
organisational and environmental factors that reconfigure themselves
determine the safetv of the svstem as a whole. in the face of high
ll tempo operations or
REPORTING CULTURE certain kinds of danger -

An organizational climate in which A SAFETY [t often shifting from the
people are prepared to report [~ CULTURE [ conventional
their errors and near-misses. hierarchical mode to a

TT T T flatter mode.

JUST CULTURE

An atmosphere of trust in which people are | [ LEARNING CULTURE

encouraged (even rewarded) for providing An organisation must possess the
essential safety-related information, but in willingness and the competence to
which they are also clear about where the line draw the right conclusions from its
must be drawn between acceptable and safety information system and the
unacceptable behaviour. will to implement major reforms.

Figure 6. The safety culture complex. A positive safety culture is itself dependent on strong subcultures
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2.1.4 Flight safety and EFBs

Safety esearch and how it relates to EFB usage was from the beginning mostly performed by
various civil aviation authorities. In 2003, the Federal Aviation Administrations issued an
advisory circular which was the first set of guidelines on this subject prothycedivil

aviation authority (FAA, 2003). Here, the FAA was especially concerned with how the
humanmachine interface could affect flight safety. The EFB needed to be as good as an
existing papebased system, and that it did not result in unacceptalgésief flight crew
workload Significant contributions have been made by Chandra and colleagues, as well as
Volpe (a U.S Department of Transportation subsidiary) (Volpe, 2018). These publications
help in providing a framework to evaluate EFB functioyakind aid operators, regulators,

and users in how to deal with some of the challenges posed by EFBs. Subsequently, they form
much of the scientific anchorage behind the Federal Aviation Administration advisory
circulars (ACs) and are especially concerndth the human factor considerations (e.g.,

Chandra et al., 2000; 2000a; 2002). Chief among thesssncerns about automation and

efficiency.

Automation complacen@rise when a computer lulls a user into a false sense of security

(Carr, 2013). Havingonfidence in the computers abilities to handle a task, the user will allow

heirs attention to drift or not maintain as much vigilance as the situation might require.

Automation bia®ccurs when users ptdo much faith into information arising from

automaion, that they begin to ignore other sources of information (Carr, 2068)EFB also

represent a potential source of distraction on the flight deck. Chandra makes the point that
when the design of a new systemhenpierect dhe f
expectations of how the aircraft operate are not violated by the EFB. If the EFB is

incompatible with the cockpit design of philosophy, pilots will have trouble learning to use it,

and are subsequently more prone to errors (Chandra, 2003hefAisource of distraction is

noted as the legibility of text and screens (Chandra, 2003). Furthermore, operators may not

use a system based on automation it they believe it tmtpestworthy Automation is often

problematic because people fail to repoun it appropriately. Because people respond to

technology socially, trust influences reliance on automation (Lee & See, 2004). Parasuraman
(1997) notes that, fna factor in the developrm
studies have shownthatp er at or s use of automation refle

Therefore, Atrust often determines automati o
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automated system if they believe it to be untrustworthy. Conversely, they may continue to
relyonaut omati on even when it mal functionso (Pa
problems posed by automations, the issue of efficiency of EFBs are also prominent. Pilot
interaction with the EFB was significantly slower compared to paper according sbudgie
(Hamblin, 2004). This is also the finding of another study, in addition the participants found
the EFB data input to be more frustrating (Cabhill, 2006). Flight safety Foundation (FSF) raise
concerns about the increase in workload as a result of irgftideigns of software and

hardware, and a decrease in flexibilityight Safety Foundatigr2005).In addition to these,

other approach seeks to explore the prevalence of incidents involving EFBs in various
accident and incident data bases (e.g., Chagtdah, 2009; Chase et al., 2014; Tump et al.,
2014). Findings here reveal that EFBs can be a sourceftight distraction hence

emphasiing the need for EFBs to be integrated so that they correspond with the general flight

deck desigmphilosophy

After a review of this literature, we deemed four main topics crucial to evaluate: access to
information, distraction, situational awareness, and workldadess to informatiorelates to

the promise of EFBs to facilitate better for information flow, ali agproviding better

access to the information the flight crew needs in order to perform theifistsaction

highlights the requirement of EFBs to not divert attention from critical flight related duties.
Situational awareness crucial for pilotsand a loss of situational awareness is putatively
regarded as one of the most frequent culprits of accidents and serious incidents. The potential
for increasedvorkloadis frequently mentioned in the research literature and is a prime

concern for regulatsr These topics deduced from the literature was transcribed into sixteen

(16) response variables, representing our proxies for flight safety.
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3 Methods

3.1 Data sampling

3.1.1 Study design

As we wanted to explore relationships between different variables, this study was designed
around statistical analysis of quantitative data. Subsequently, we use statistical methodology
and test statistics as are our primary means of inference. The sexdgmnsive as it is aimed

at providing a general overview of how EfeBage in Norway has affected flight safety

(Johannessen et al., 2011).

Quantitative studies are most commonly used in the natural sciences, but it is also frequently
used within sociasciences. Although there are intlisciplinary differences, these designs

follow a more standardized format than other comparable approaches. Quantitative designs
can be either descriptive or experimental (Johannessen et al., 2011). The former measures
associations once, while the latter incorporates subsequent measurements for comparison in
order to deduce causality (Johannessen et al., 2011). Here, we use a descriptive approach

aimed at establishing associations.

In order to measure associations acclyatkere is a need for large quantitates of data. What

is Afenoughd is highly debatable (see Kotrlik
is impossible to sample the entire sample space. Hence, the concept-ofagiors is

introduced (AWin, 2007). In essence, the error margin is a tolerable probability one accepts

of obtaining the observed results by chance. Convention normally puts the error margin at

5%, categorizing results as nstatatstisst i cal |y s
produce values which have a 1 in 20 chance of occurring by pure accident. We follow this
convention with some adaptations to accommodate for discrepancies rendering us more prone

to typel errors.

Ouitliers are a problem in any meaningful inferertdanipel et al., 1986). There is
controversy surrounding whether to treat outliers or not and there is no clear convention
(Gosh et al., 2012). One must weigh the disadvantage of capturing important exception

against the disadvantages of having a minorityamhples affect the overall direction of the
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data. Ultimately, we decided upon correcting for outliers. Subsequemthyther detection

was performed using Cookd6s Distancé on pairw
between participants (N = 571) lcalated from all response variables (N = 16). Mahalanobis
distances is a commonly used method for multivariate outlier detection (Aggarwal, 2015).
Outliers above Cookdés threshold was removed,
missing data fronmcomplete sampling. We elected to imputate rather than remove these

sample points from the analysis all together, as we were dependent on a large a sample size as
possible to conduct a more meaningful downstream analysis. The disadvantage of having
Anoalm zedo the data would only serve to decr
hypothesis, hence making us less prone to-tygreors. We proceeded with the imputated

using a kNearesiNeighboursapproach (Fix and Hodges, 1951)The choice of the-k

Neaest approach was a mostly practical, as it eased the complexity of the software coding.

The choi ce o heighbbuee ntuombleoro ko ff oir when cal cul at.
also a matter of debate (see Ghosh, 2006). Again, there is no clear mn\v@etting to few
neighbourswill increase the influence of noise, rendering the results less generalizable. To

many, and one could miss important local variations. We set k=20, more concerned with not

having generalizable data than capturing local Viana.

All statistical analysis was done using the open source statistical software pRtfoeam,
2017).

3.1.2 Survey design

We conducted an electronic questionnaire type survey distributed to most major Norwegian
operators (fig. S1). Our target populatware professional pilots with careers in commercial
aviation in Norway. These individuals operate mpltot high performance aircraft intended

for passenger or cargo transport. We usedprobability sampling based on volunteers. The
problem of selsekction bias was mitigated by correcting forjesasting attitudes towards

the topics included in the questionnaire.

A pilot survey was conducted prior to the main distribution. The questionnaire was given to a
selection of 14 cohorts from our target plapion in order to provide feedback on the study
design. We requested feedback on visual presentation, wording, spelling, format consistency,
clarity, and relevance. In addition, we wanted to check for known biases, such as social

desirability, order effets, and fatigue effects (Kalton et al., 1982). The former was mitigated
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by making the survey anonymous. Order and fatigue effects were not reported by the test

population.

The distribution was done using an internet link from which the respondee had the
opportunity to complete the survey once. The only user data collected was the local internet
protocol address, in order to avoid multiple responses from the same device. This user data
was not accessible to us, and only stored temporarily by the surveyac@mer. The
questionnaire was open for approximately two months, from Decerttp2018 until

February 3, 2019.

The questionnaire was designed with objective response;ahakezl questions, and divided

into three main sections: (1) background, gah@oredictor variables); (2) background, PED
familiarity (predictor variables); (3) participant EFB experience (response variables). Sections
1 and 2 was mainly composed of single answer multiple choice questions. Section 3 was a
series of statements ngia graphical rating scale ranging from 0 (complete disagreement),

through 50 (neutral/indifferent), to 100 (complete agreement).

3.1.3 Question selection

A total of 16 statements where designed to address these areas and represents the response
variables in the study design. These statements make up section 3 of the questionnaire and
based on the flight safety literature outlined in Tieoretical Framewdesection of this

study. Participants were asked to rate to what degree they disagreed or agreed with a series of
statements, ranging from 0 (completed disagreement) to 100 (complete agreement). A
graphical rating scale was used. The statements call¢aefparticipants to compare how

they perceive flight safetgfterthe implementation of EFB, to how they experienced the

traditional flight deck.

A secondary objective was to evaluate if the perception of flight safety varied across all major
Norwegian oprators. Differences in practice, culture, and procedures are well known to
accident investigators as being crucial for the safe conduct of flight. Any variation between
different operators in how key aspects of the safe conduct of flight operationagpeuatf

since the implementation of EFBs, could be indicative of informal or formal structural
dissimilarities organizational. Subsequently, we asked participants which operator they

worked for.
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A third objective was to see if we could identify any humanadiapredictors which could

potentially help explain any variation in the response. From a managerial perspective, it is not
only crucial to identify changes, but also understand what contributes to that change with a
perspective of the individuals backgrmlj experience, and attitudes. To this effect, we asked

the respondents about their general background and attitudes in section 1 of the questionnaire,

and about their background and attitudes relating to PEDs in section 2.

As with the design of the staents in section 3, attempting to cover all possible predictors

that could potentially help explain variation in the data is inherently difficult when dealing

with humanbehaviourand human factors. Our goal here is to try and identify some human
factors vhich we hypothesize could help explain some of the variation in how individuals
perceive flight safety. Age and flying experience are putatively known to be relevant with
regards to pilots and their attitudes towards flight safety (e.g., Li et al., 269y Et al.,

2007;You et al., 2013. Flight deck role, whether they work as flight officers or

commanders, was included because of the known difference in how they perceive or relate to
flight safety. Commanders have the ultimate responsibility of itlceadt, while flight

of ficersd responsibilities in that regard ar
perspective with regards to many aspects and tasks of operating an aircraft. In recent years,
atypical employment schemes and uncertain empleygloyee relationships has emerged.
Variation in how happy the individual pilot is with his working situation could affect how he
copes with the implementation of new procedures such as EFBs, and subsequently affect how
he perceives the change from treditional flight deck. To this effect, we asked extent the

participants approved of his current working situation.

As we are investigating the effects of an electronic device on flight safety, not only human
factor predictors relating to the specificsoperating an aircraft should be included, but also
guestions that address how participants relate to such devices. Studies have shown that
experience and familiarity with electronic devices affect both performance and attitudes
towards them (e.g., Kang &k, 2008). Subsequently, we asked questions about user
behaviourand whether touch screens where regarded as easy to work with in general. In
addition, the FAA advisory circular emphasized the importance of sufficient training during
EFB implementation, dw automation could be a source of stress, the flight deck ergonomy
with the EFB (i.e., the interaction between human and device), and type or category of EFB,

as important aspects that should be evaluated (FAA, 2003). Lastly, we wanted to check if
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differences in general attitudes towards a more digitalized society could be contributing to
how individuals responded to the implementation of EFB, which subsequently could affect

how they regard the transition from the more traditional flight deck.
3.2 Data analysis

3.2.1 The effectiveness of EFB implementation in Norway

In aviation, effectiveness is ultimately measured in terms of flight safety gain or loss.
Subsequently, we used the individual pilot experience as an evaluation procedure to measure

the effectiveness of BB implementation across all major Norwegian operators.

To evaluate whether EFB usage had any effect
as opposed to a traditional flight deck, we wanted to compare the density distribution of the
responses (b to a normal distributed probability density functiorp)(HAny significant

deviation from the normal density function were interpreted as a flight safety impact. A

negative flight safety impact would skew the response distribution towards the ledt of th

mean. A positive flight safety impact would skew the response distribution towards the right

of the mean.

As a first step we wanted to visualize graphically the responses and its potential deviation

from the normal. We superimposed the density distribution of the responses on a normal

density distribution using the packaggplot2 The parameters of they Eistribution (i.e.,

standard deviation and variance) was obtained by 1000 random samplings of the same

number of integers as the number of survey responses (N = 572). The integer range was the
same as the range of the graphical rating scal®Q). This waslone using theample

function in R(Team, 2017)In addition, we used thggPlotfunction from the packagear

(Fox et al., 201Rin order to gauge the correlationof&dlgai nsf i a oOfibe :te r epr e

a gaussian distribution (i.e.pH

While its useful to visualize the data, it is often not precise enough to draw more accurate
conclusions. Skewness and kurtosis are used in statistics to derive numericabvalues
representations of data distribution. Skewness is a measure of asymmetry about distribution

mean. A negative skewness is associated with a tail to the left of mean. A positive skewness is
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associated with a tail to the right of mean. For our study, ativegskewness entails a decline

in flight safety. Conversely, a positive skewness would be indicative of an increase in flight
safety. Kurtosis is a measure of the rate the tails reach zero. A kurtosis value of 3 represents
any univariate normal distribon. Values less than 3 signifies a flat tail. A value above 3 is
associated with tails that reach zero more slowly. A distribution with slow rate tails would
translate into more outliers than expected frogn\We calculated these parameters for each

independent variable using teomentpackage (Komsta et al., 2015).

As a final step in the analysis, we investigated the probability of obtaining our results by
chance. In order to determine statistical significance of any deviation fromp-tiistkbution,

we performed a twsampleKolmogorow Smirnov tes{KS test) using the functioks.test
(Team, 2017). The tweample version KS test is suitable as it compares if two samples are
drawn from the same probability distribution. We also performed ssampleShapiroWilks
normality test (Team, 2017). The ShapWblks test is generally regarded as more powerful
than the KS test, and was included to increase robustness. For both tds$tsltieewas set

to .05.

3.2.2 Organizational differences between operators

From an organizational standpoint, both informal and formal structures affect the
effectiveness of the organization. When it comes to implementing new procedures in a high
risk environment, these structures play a crucial role in the successafidemour. A

measure of how much the perception of flight safety varies between operators is a proxy for
effectiveness in organizations with risk mitigation and flight safety as the desired outcome.
Variations here might help reveal organizational differencesdsn large Norwegian

operators that could be investigated further in order to make similar implementations more

successful and effective.

To investigate if pilots perceive flight safety differently depending on which operator they
work for, we first perbrmed a canonical variance analysis (CVA) using thmaBkage
Morpho(Schlager, 2026 It is used to separate known groups in the data and provides an
ordination that maximizes the separation of the group means relative to the variation within
groups. A canmon challenge with CVA is that the number of variables is high relative to the

sample size, thus restricting fulink covariance matrix. Our group sizes were large enough
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to include all 16 statement response variables from section 3, however, as wehad p
response frequency from some operators (1.€.20), we elected to combine them into one

group called Aotherso to avoid any singul ari

The CVA was run with a more conservative cross validation algorithm that mitigates
overestimation of group seption Mitteroecker & Bookstein, 20)1The CVA results were
analysed graphically in two dimensions along the first two €\as, representing most of

the variation deduced from multivariate space. 95% confidence ellipsoids with was calculated
in order b assess if the operators where significantly differentiated in multivariate space. In
addition, we calculated the degree to which the CVA was able to categorize participants into
the different operators. A large percentage of accurately categorizedluadgs/means that

the operators are highly differentiated. Finally, we assessed statistical significance of the CV
axes using Wil k6 saxdsarmio dirailar(the subseduént réshlte cold\be

more unreliable.

To complement this approach, ertracted Mahalanobis distances (D) between all operators

from the CVA results.In the multivariate case Mahalanobis distance is relative to the amount

of variation in the direction of the difference. Subsequently, this distance measure is

appropriate cmpared to other geometric distance measures, as it accounts for within group
covariance. Mahal anobis distances can be cons
measure of the degree of statistical overlap between group samples. The greatemte, dist

the less likely it is that participants from different operators could be misidentified. For our

case, greater distances translate to an operator where individuals are more likely to perceive

flight safety differently. We ran a jackknife crosglidation procedure with 1000 iterations to

investigate if groups were significantly differentiated.

CVAs are useful as a first step ordination method and to visualize multivariate space. The
overlap, shape, size and placement of the confidence ellipsoidstale CVaxes gives an
indication of which operators are likely to vary in how participants perceive flight safety to
have changed since the implementation of EFBs. How&ese methods are not as robust in
evaluating which operators are statisticaifferent from one another and hence significantly
diverged. We therefor followed up with amnibusstepwise analysis of variance (ANOVA)
procedure using MANOVAs, ANOVAs, andfinallyapdsto c was i ncluded usi
honest significance test (Tukey@49) to find the difference in mean between all operator
pairs. A logic where only significant MANOVAs are followed by ANOVAs with adjugted
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values to the number of independent tests (A
error (Typel) and cosiders intercorrelations between the different aspects of flight safety in

explaining the total perception of flight safety (Holms, 1979).

A common difficulty in multivariate factorial designs is satisfying the presumptions of the

statistical methodology employeddonalysehe data. Classical multivariate analysis of

variance (MANOVA) pose strict constraints that often lead researchers tmlysunivariate

techniques with a subsequent loss of meaningful inference. More specifically, data which lack
multivariate normality and equal covariance matrices are known to perform poorly in the

sense that there is a greater risk of type | errors (ecting a true null hypothesis). For

univariate tests, there are also several assumptions that must be met bgfeadlbs can be

trusted (Anderson, 2001). Unbalanced designs and heteroscedasticity are a common real data
features, as is the casgth our study. Upon inspecting our data and using various test

statistics to check the assumptions (i.e., Bbtests using the functioBoxM (Genz et al.,

20) and L e v e neeedes.teqFoxsetal., 202))nwe discovered deviations that

neede to be mitigated. MANOVA is robust against violations of homogeneity of variance
covariance matrices assumption if group sizes are sufficiently large (n>30). Our group sizes

are | arger. For the MANOVA e (.e,sneRdtatistbe Pi | | a
approximation method), as this as shown to be robust against unbalanced designs and
deviations from normality. For wunivariate te
rejected the null hypothesis if the tests showed very high signifideneks. To alleviate
heteroskedasticity, we used Whkkeu b er covari ance (a. k. a. HAWhit
available in thear package (Fox et al., 2012). Although these mitigating measures cannot
guarantee erroneous conclusions, andpemametric apfpaches exists, we elected to follow

Allen & Bennett (200) and proceed as parametric tests are more powerful and produce easier

inference.

3.2.3 The importance of human factors

From a managerial perspective, it is not only important to evaluate from an atgarak
standpoint, but also understand how everyone contributes to the system. Particularly in
aviation, where a lot of responsibility and trust is put on each individual, it is important to
understand the human factors involved. Subsequently, indiviliffedences in employee

background, experience, or attitudes could contribute to how pilots perceive the EFB
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transition. We hypothesized that some of these human factors could help explain potential
differences in answers between participants acrospethtors in Norway. This could

provide management with useful insights as to which of these human factors aspects are
important in explaining how flight safety perception has changed as a result of EFB

implementation compared to the traditional flight deck

To address these questions, we designed a model selection scheme using a combination of
ordinary least squared regressions (OLS) and a downstream omnibus step wise analysis of
variance (ANOVA) using various test statistics to determine significance on&adered

reducing dimensionality in order to reduce the number of models. However, it was difficult to
deduce what the different variance axes represents. In addition, the distance measure does not
give us directionality, nor the opportunity to accuratedgess the relative contribution of each
predictor on the presence of others. Subsequently, we elecadlysehe raw data

produced by the graphical scaling scores for each response variable (N =16). Our goal was to
build one model for each respons&iable that also considers the multidimensionality (i.e.,

the correlation) of the data, subsequeatiglysinghese to deduce which predictors are most
important. If each response variable is not independent, but correlated with the others,
regressing ezh response variable on a set of predictors will not account for this. A

multivariate regression will be better to the extent that it can learn more from this correlation
between these various measures of flight safety. As we have more than one pradatite,v

the appropriate method is a multivariate multiple regression (Afifi et al., 2003).

For the linear regressions, we used quadgilantile plots using thegplotfunction in order

to check for heteroskedasticity, outliers, and deviations from rityr(féox et al., 2012). For

all 16 response variables, we found some minor deviations to normality and
heteroskedasticity. An option is to fit the models using other distributions than gaussian.
However, there is doubt to how much this matters if youradiems are relatively small (see
Johnson, 20d). A distribution that better emulates our residual error distribution would yield
better model fit, but following Johnson (Z&)1we chose to stick with the traditional linear
gaussian regression for simpticiFor the multivariate and univariate analysis of variances as
part of the dowrstream inference, we used the same mitigating approaches as those described

previously in this section.

After checking the various assumptions, we proceed with buildingdelnspace from which
to draw the best model explain for the data. First, we checked for possible significant
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interactions between the different predictors that should be included in the downstream

analysis. In order to determine which predictors to incladhis interaction test, we only

selected significant MANOVAs performed on each predictor independently usiiMgtieva

function the car package (Fox et al., 2012). For categorical predictors, the approximated F
statistics (i . &hingroup varidtianitodetweenrg@up @ariatianeFsrt s w
continuous predictors, the same statistics tests if the slope of the model is significantly greater
than zero. We then proceededdnalysingall possible pairwise interactions of significant
predictors We used thanovaf uncti on to conduct a | i kelihooc
(i .e., with the interaction) against the fire
2017) . Significant testp(< .05) were finally included in a maximized tivariate multiple

regression model. As our data is not a subset of data we could have collected (e.g. there are no
more airlines, age groups, or experience levels we could have sampled), we did not include

any random variables, and all predictors and tinéeractions was included as fixed effects.

In order to find the best model from the model space provided by this maximized model, we
continued with a stepvise regression (i.e. all factors and significant interactions included) to
reduce it in a sterise manner by removing interactions and or factors one at a time. Each
step was ranked usingthesecand d er Ak ai ke ds i n)ftopenaliactoveo n cr i
parameterization more severg¢McQuarrie & Tsai, 1998). Modelswith a deviance in Alg

by less than two from the befgted model was regarded as comparable in explain the
variation. If more models fell within this interval, we selected the most parsimonious model
as the best model. AlGs one of two commonly usedodel selection methods, the other

being the Bayesian information criteria (BIC). Other methods exist, but they are
asymptotically equivalent to AIC and BIC. BIC and AIC have been shown to result in
different model conclusions (for an overview, see Weak@916, p. 29). We elected to use

AIC, as BIC are more dependent on sample size to be accurate (Raffalovic, 2008).

The resulting model is the best multivariate model explaining variation in the perception of
flight safety, while taking into considerationet possible correlations between response
variables. The next step was to deduce the impact of each préddistor flight safety.
Specifically, this involved calculating the relative importance of each predictor as a function
of how much they contribut® the variance explained by the entire model (i.e., model fit,

R?). In addition, the directionality of the predictors; if they contributed to a reduction or an

increase in the perception of flight safety, needed to be deduced. This requires an inspection
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of the regression coefficients and standardizing them, so they become comparable between
the different predictors. Subsequently, it became necessary to evaluate each univariate model
making up the multivariate model space. As for the multivariate caseonaicted a

stepwise AlG ranked regression of the multivariate model for each response variable. This
produced a best model for the individual response variables, including all or some of the

predictors included in the multivariate model.

In order to degrmine if a predictor had a positive or negative impact on the mean value of
flight safety perception estimated for each univariate model (N =16), we calculated
standardized coefficients using tstandardiz€function in the packagarm (Gelman & Hill,

200600 . This is |ike the regression coefficient
between binary categorical variables (i.e. flight deck position) with numerical variables in
terms of standard deviations is problematic. To overcome this, trdasti#ze function

corrects numerical variables by twimnes their standard deviation whicheiguivalent to

going from one end to another. The relative contribution to explained variance was calculated
using thecalc.relimpfunction from therelaimpopackae Gromping, 2008 This calculates

the relative importance of each predictor in the presence of other predsitays

the R? contribution averaged over orderings among regressors, cf. e.g. Lindeman, Merenda
and Gold 1980, p.119ff or Chevan a@dtherland (1991).

Summarized, the average predictor regression coefficients and relative importance measures
represents the relative impact of these various measures of human factors on flight safety. The
above described approach considers that eachnespariable is part of something larger,

i.e. the correlation between these responses, thus producing a multivariate space that needs to
be accounted for. By only including the predictors which turn up in the best multivariate

model as a basis from whith deduce the best univariate models, we avoid the caveat of
assuming that each response variable can be evaluated separately. Our measures of flight

safety are not independent, but rather a collective whole that needs to be considered.
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Response topics (order of appearance in survey)

4 Results

4.1.1 The effectiveness of EFB implementation in Norway

Overall, participants agree more than disagree with the statements in section 3 of the
guestionnaire (fig7). Subsequently, pilots perceive a positive shift in flight safety since the
implementation of EFBs to their flight deck. There are examples @ioexteas where pilots
perceive little change to the traditional flight deck (e.g., fig. 8: Head down time (6); Admin.
duties (7); Communication (9)) , however there is only one instances where they on average
respond negatively to the statements (i.g.,8i Flight deck tasks (16)). The improvement to
flight safety is largest, particularly in areas that concerns the ease of access to information
(e.g., fig. 8: Access to OMs (14); Information access (1)) and the handling of abnormalities

(fig. 8: In-flight abnormalities (11); Ground abnormalities (12)).

Access to OMs (14) 1 [ I— 84.8

Information access (1) 1 1 I— 84.1

Performance calculations (4) 1

Ground abnormalities (12) 1

In-flight abnormalities (11) 1

1
1
1
WX & NOTAMS (3)1 . 777
1
L
1

Performance insight (5) 1

Situational awareness (8) 1

OP modifications (2) 1

1
T
1
Emergency (13) 1 : I— 69.8
}
1

OM revisions (15) 1

Logging (10) 1

Communication (9) 1

Admin. duties (7)1

1
T
1
Head down time (6) 1 : I— 56.7
1
1

Flight deck tasks (16) 1 33.2

0 50 100
(Absolutely not) (No difference) (Absolutely)
Graphical scaling score (Likert scale)

Figure 7. Mean graphical rating score of all response variable statemiért46), with 95% confidence
intervals. The number at the end of each bar represents the mean score. Participants on average agre
statements, and no statements have confidence levels that overlaps the red stapled line representing

difference from the traditional flight deck.
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Figure 8. Frequency plot of all responses (N 436) across all response variables (N = 16). The stapled |
line represents a density distribution curve. The density distribution of the responsegdigsian and
skewed to the right of mean. The pooled response from all 16 statements shows that participants perc

largely a positive shift in fight safety.

Looking at the frequency of pooled responses across the graphical rating scale, lends support
to the claim that participants tend to agree with the statement8)(fijaere are peaks around

a scale value of 50, and towards the higher end of the scadanditates that individuals
perceive flight safety to be improved, but also there is a significant proportion of participants
who regard little or no change in flight safety for some response statements. The density
distribution for the pooled respondgesionnormal as it shows a skewness to the right of

mean (fig.8; table S1: skewness = 2,80), with a heavier tail &igable S1: kurtosis 0,74).

The KStest is also highly significant (table §1> 0,001). This result is mirrored by the
guantilequantile plot (fig.9). The sample quantiles do not follow the gaussian quantiles to
any significant degree. Specifically, there are much more responses than expected,
particularly to the right of mean. This supports the claim that participants tend ¢onagre

with the statements than expected if there where fewer differences between the traditional
flight deck and the EFB flight deck.
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Figure 9. Quantilequantile plot of all responses (N =186). The red stapled line representirtheoretical
expectancy following normal distribution. The grey filled dots are the individual responses. The respon
quantiles do not follow a normal distribution, with more participants than expected at extreme quantiles
particularly to the right of mea

The results for each of the 16 statements response variables largely mimic the pooled results

(fig. 10; table S1). Visually, there are clear deviations from normal with density probability
distributions with skewness to the right of mean. Participants tend to answer with higher

graphical rating scores than expected from a normal distribution. From vispattion
participants tend to perceive the I east chan
ti med -falnidg héti nl oggi ngo. Looking at the stati st

responses show significant deviations from normal with beahk-S tests and Shapiro Wilks

testsp-val ues wel | bel ow the error margin of .05
tasksd have a mean significantly in the Aagr
=3319) OFlight haegs ka tmpekist aesoskewnessd, indic

response distribution to the left of mean (table S1: Flight deck tasks (16), Skewness = 0,39).
This is also true for oO6Communicationd; howeyv
expectatio of skewness (table S1: Communication, Skewness = 0.04). It appears that pilots

tend to perceive an improvement compared to the traditional flight deck, but an increase in the

tasks demanded of them.
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Figure 10. The probability density distribution of all 16 response variables (red line) plotted against a
hypothetical normally distributed density distribution. For all statement responses leligleptieck taskshe

density distributions are skewed to the rightreean, with more than expected agreement from the particig
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