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Millions of travelers pass through airport security every day. Since 9/11, increased screening
technologies and stricter regulations are making air travel a highly safe means of transportation.
At the same time, the added procedures are increasing the waiting time at airport security. Fur-
thermore, the regulations and instructions are confusing and unknown to many passengers con-
tributing to making the experience of the travelers unpleasant.

Previous research on the topic has been focusing on technologies to use or the behavior of
the airport workers. In contrast, this thesis aims to study the behavior of the passengers traversing
through the transit security control point of Helsinki Airport. After an in-depth investigation of the
context, five different methods were used to collect both quantitative and qualitative data, includ-
ing two rounds of observation, 38 interviews, and the analysis of four data sources.

The results of this thesis show that close to a quarter of all the trays screened requires addi-
tional inspection. The main category of items being rejected is liquids, due to the strict EU regu-
lations and the lack of knowledge of the passengers about airport security regulations. Instead,
the passengers rely on their previous knowledge of the procedures as they do not look at the
screens with security instructions that are not noticeable enough. Another significant finding made
relates to the large proportion of non-English speaking passengers that cannot be adequately
instructed by the airport workers.

Four recommendations are made to the airport operator to improve their security checkpoint
ranging from giving their worker more tools to instruct the passengers with little command of
English to instructing the travelers while they are still inside the aircraft of their previous flight.

The results of this study emphasize the need for further research on the behavior of the pas-
sengers in airport security and encourage other scientific and airport operators to conduct more

field studies.

Keywords and terms: airport security, security control point, passenger behavior, field study, pas-

senger-centric design
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1. INTRODUCTION

Airports are an integral part of air travel, ensuring that millions of passengers can fly
around the world every day of the year. In 2018, a total of 31.5 million planes took off,
with only five of them resulting in a fatal accident, making air travel one of the safest
means of transportation in the world (Boeing, 2019). This reliability of travel is the result
of many different actions taken by the industry, one of them being related to security.
After the terrorist attacks of 9/11, airport security measures have been significantly more
effective thanks to the extensive studies made in recent years (Air Transport Action
Group, 2014). However, it has been shown that because of the introduction of these new
measures to mitigate security threats, the amount of time spent at the airport and the in-
convenience for the passengers have increased alongside the complexity of technical and
human infrastructure related to airport security (Coughlin et al., 2002). One key compo-
nent of this human infrastructure is the screeners who must ensure that the passengers’
belongings and body are free of any hazardous objects, using their experience and screen-
ing technology to assist them (Skorupski & Uchronski, 2015).

Recent studies have focused on the work and reliability of these screeners or the se-
curity improvement that technology could bring to eliminate threats (e.g. Buser et al.,
2019; Chavaillaz et al., 2019; Chung et al., 2017; Halbherr et al., 2013; Kierzkowski &
Kisiel, 2015; Knol et al., 2019; Michel et al., 2007). In the meantime, the passenger be-
havior and their well-being while operating in this stressful environment received little
interest. This thesis aims to fill this gap in literature by using a human-centric approach
to study how passengers perform while being at the security in the airport and how to
instruct them better about the different measures and regulations they must comply with.

The context of research of this thesis is the 1952-built Helsinki-Vantaa Airport, the
largest airport in Finland both by passenger numbers and size, located 17 km north from
Helsinki city center (AIP SUOMI / FINLAND, 2020). The operator of the airport and
mandator of this thesis is the state-owned company Finavia, which also manages 20 other
airports around the country (Finavia Oyj, 2020).

Helsinki Airport contains security control points the passengers must go through in
order for them and their luggage to be screened. Almost 40% of the passengers at Helsinki
Airport pass through the transit control point, also called Security Checkpoint 9 (Finavia
Oyj, 2020). This security must operate efficiently to allow passengers to connect to their
next flight promptly. The security regulations are presented by screens located next to the
screening lane. Unfortunately, the passengers appear not to see them because many items
require additional screening, extending the time they must spend in the security control

point. Screeners are also trained to instruct the passengers about the rules. Because of the



variety of destinations served at Helsinki Airport, many travelers do not speak English,
making it difficult to comply with the regulations.

These challenges are significant and not only harden the work of the screeners but
also make the journey of the travelers less pleasant. This situation sparks a reduction of
the overall passenger satisfaction, a key metric for Finavia in such a competitive market
to ensure that passengers connect through Helsinki Airport.

This thesis has two research questions based on the context introduced in this chapter.
The first question is defined as “Are the passengers aware of the security instructions
and regulations in place in the transit security control point of Helsinki Airport?”.
This question is the foundation of this thesis, used to understand what the current situation
is and to confirm that the passengers are not aware of the instructions. The second ques-
tion complements the research as follows “What technological and human-centric im-
provement could be implemented for helping the passengers at the security control
point in order to reduce the number of items being rescreened?”. This second ques-
tion opens the possibility for creative thinking and the development of one or multiple
passenger-centric and cross-cultural designs to reach the objective introduced in the ques-
tion.

This document is outlined as follows: The next chapter introduces the background
research, including previous works carried in the domain of public display in airport con-
text, attention-grabbing techniques, aviation screening tools, and cross-cultural design.
The third chapter introduces the context of the study. In the fourth chapter, the different
methods used during this research are explained at length, including observations, inter-
views, and surveys both in their methodology and the results they produced. Chapter 5
introduces the results, recommendations, limitations, and future work of the study. The

final chapter 6 concludes the document by summarizing the whole thesis.



2. BACKGROUND

Before starting the field research, it is essential to understand the current situation of the
literature on this complex challenge. Because of the number of factors to consider, six
different topics were addressed, ranging from airport security screening technologies to
cross-cultural design. The summary section exposes the areas where limited research has

been conducted.

2.1. Airport environment
Airport terminals have significantly expanded in the past years because of the high de-

mand for air transportation. For example, Instabul inaugurated a new airport in 2019 that
can already serve 90 million passengers and, when fully operational, will host up to 200
million travelers (CAPA, 2020). The competition for getting the highest number of pas-
sengers in these new airports is intense because the travelers now have several routing
choices to travel to their destination. Already in 1994, Passenger satisfaction has been
established as a critical metric for an airline to maintain its market share (Morash &
Ozment, 1994). However, the importance of the airport itself should not be neglected.
Airports can be a stressful environment for passengers, and more than twenty years
ago, research was already discussing the impact of the “airport tumult” on travelers (Ray-
man, 1997). In that regard, recent studies have been focusing on the passenger experience
while being at the airport. It has been demonstrated that the most significant expectations
of the passengers towards the airport are high efficiency and reliability (Popovic et al.,
2009). Furthermore, Bezerra & Gomes (2020) have stressed that passenger behavioral
attitudes should be measured to understand what their real needs are. This research used
the airport in its globality and did not focus on the airport security itself, which is the

topic of the next section.

2.2. Airport security control point

Airport security control points are one of the key components of airport safety. It com-
bines the advanced screenings technologies and the experience of a screener to ensure
that both passengers and carry-on baggage are free of forbidden items.

Research related to airport security control points has been focused mainly on the
sophistication of screening technologies (as presented in the next section), or the behavior
analysis of the screeners (e.g. Buser et al., 2019; Chavaillaz et al., 2019; Chung et al.,
2017; Halbherr et al., 2013; Kierzkowski & Kisiel, 2015). Furthermore, one study has
discussed the external factors in play at the security control point. Indeed, Wetter et al.
(2010) found that the number of luggage and seasonal factors, which influence the num-

ber of clothes passengers wear, both affect the speed of the screening procedures.



In the meantime, only one article discusses the behavior of passengers at airport se-
curity. While he focused on the cost of airport security, Kirschenbaum (2013) also clas-
sified from observations passengers by the responses they gave to the screeners and found
two groups, the experienced passengers and the uninformed ones. The latter group spent
significantly more time in the security area because the screeners found out that these
uninformed passengers carried forbidden items, 85% of them being oversized liquids.
Unfortunately, this study did not carry out further investigations on why the passengers
were carrying these forbidden items. No other empirical studies of the passenger perfor-
mance or their knowledge of the airport security rules were found. Another unresearched

topic relates to quantification and the classification of rejected trays.

2.3. Screening technologies

Hijackers and criminals have targeted aircraft for more than a hundred years (Baum,
2016). The events of 9/11 sent shockwaves through the commercial air transport industry,
and since then, airport security and its development have received a considerable amount
of investment. In 2014 alone, 35% of airport operating costs were accounted for by secu-
rity, including 470,000 employees (Air Transport Action Group, 2014). However, these
costs could be reduced with further investments in relevant technologies.

Fortunately, researchers have been studying ways to make airport security more effi-
cient and reliable. One area of research that has been under scrutiny recently is the screen-
ing technology for detecting explosives in hold luggage. The reason for developing this
technology is due to several planes being brought down because of a bomb located in the
hold of an aircraft inside a suitcase. One example from 2015 is Metrojet Flight 9268,
which exploded while midair with 224 passengers on board (Baum, 2016). The most
common technology used to detect if a suitcase contains a bomb is 2D imaging (Caygill
et al., 2012). A new type of technology has emerged recently, which uses computer to-
mography (CT) to generate 3D images. Unfortunately, these images have a lower quality
than the 2D-generated ones (Mouton & Breckon, 2015). Surprisingly, further research
revealed that despite the lack of clarity, the screeners found more threats using 3D images
than 2D ones (Hattenschwiler et al., 2019). For this reason, the European Commission
improved its regulation for allowing the use of 3D-based technology in airport security
from 2020 onwards (Jentsch, 2018).

Another aspect of airport security that is of significant interest is liquid detection be-
cause of the security threats it poses as liquids could potentially contain explosives. A
recent study reveals a technical breakthrough in liquid detection by using 3D computed
tomography (CT) baggage inspection imagery (Chermak et al., 2015). Thanks to this
method, the researchers estimated that the liquid detection rate was between 85 and 98%.
This technology could be appealing not only for the security aspect point of view but also

for passenger comfort because it means that they would not have to remove their liquid



from their belongings, which would speed the whole screening process up. Indeed, it was
shown that a large number of passengers are not aware of the rules concerning liquids,
which causes delays. One example from Manchester Airport in 2014 shows that more
than 4000 hand luggage had to be rescreened because of a liquid (Kitching, 2014).
However, to implement a solution in Europe where liquids could stay inside the be-
longings of the passenger, the screening equipment must comply with regulations set up
by the European Civil Aviation Conference (ECAC). The ECAC evaluates all the airport
security equipment using laboratory testing to create a Common Evaluation Process
(CEP). This CEP provides trustworthy information on the equipment to all its member
states (ECAC, 2020a). The ECAC has defined three different standards (C1, C2, C3) for
the equipment that detects explosive in cabin luggage, presented in Figure 1 below
(ECAC, 2020b). The Standard C1 requires the liquids and electronics to be separated
from the tray, as it is the case at the moment in Helsinki Airport. The C2 standard allows
laptops and large electronics to stay inside the luggage while the C3 standard also allows

liquids to remain inside as well.

EDS EDS EDS

ceBC1 cBC2 CBC3
.
LOW FALSE ALARM RATE AND LARGE ELECTRONICS/ LARGE ELECTRONICS
NO RANDOM CHECKS LAPTOPS IN BAG AND LIQUIDS IN BAG

Figure 1: Comparison of the three ECAC standards of Explosive Detection Systems
(EDS) for Cabin Baggage (CB). Adapted from Smiths Detection (2019)

The ECAC publishes public information about the certification of the equipment and
the standard they achieved. As of 25 March 2020, 25 types of equipment for cabin lug-
gage were certified with C1 standard, 43 with standard C2, and 28 with C3 (ECAC, 2020).
Major airports like London Heathrow, Amsterdam, or New York JFK have been trailing
the solution in the past years, while Eindhoven Airport has recently implemented it. (Par-
veen, 2018; Vanderlane, 2020). However, one major obstacle for more of these advanced
screening technologies to be implemented is their high unit cost, which is also the reason
why they are not available in Helsinki Airport (CHS Engineering Services, 2017).



2.4. Airport display

Displays are present in numbers at every airport nowadays. Have displays brings multiple
benefits to the airport operator, from making the traffic in the terminal smoother to in-
creasing passenger satisfaction (Marks et al., 2015). Fewings (2001) researched how to
use airport displays for wayfinding more than fifteen years ago already. More recently,
along with the human-centric mindset interest, researchers have started to think of ways
to use these displays to create a more passenger-centric experience at the airport. In their
article, Milbredt et al. (2017) suggest that displays should be both static and dynamic and
emphasize the importance of their placement. These screens should be visible only when
and where the passenger needs them. However, this research was conducted in an
artificial terminal and did not take into account the possible architectural restrictions of
existing spaces.

Public displays are screens visible in public spaces that convey information to a broad
audience. Recent studies, started by Miiller et al. (2010), have been focusing on making
these screens interactive to provide a more immersive experience to the passer-by. The
advantages brought by interactive public displays are multiple; for example, they lead to
an increase of multiple simultaneous public interactions promoting group action and co-
operation (Ardito et al., 2015). Alt & Vehns (2016) have studied the application of public
display in the airport environment by installing an interactive food station inside an airport
terminal. They have found that the location and the easiness of the information displayed
on the screens are key criteria for a successful implementation inside an airport.
Unfortunately, their paper focuses on the areas near the luggage claim, and the research
of integrating public display in the specific context of airport security point control is

inexistent.

2.5. Attention-grabbing

In the area of attention-grabbing, size matters; bigger the object is, more likely it will grab
attention (Proulx, 2010). When this knowledge is combined with the fact that screens
attract people, it makes airports interested in having large displays to convey information
to their passengers. As an example, McCarren Airport in Las Vegas installed two large
84-inch screens to provide directions to passengers after smaller displays were unsuccess-
ful at performing this task (Grabbing passenger attention with a massive LG 84-inch ultra
HD display, 2013).

However, screens might not be the only solution for providing information in airports.
Careless (2015) found that passengers at airports might not pay attention even when they
are queueing for the security gates. In his article, he showcases a possible solution for this
problem used at Texas’ San Antonio International Airport (SAIA), where they installed
a holographic employee that provides the passengers some advice about what they should

do before being screened. This system called AVA has a motion detector, meaning that



the employee will not start talking until someone is coming close to it. The passenger can
also use a nearby screen that contains frequently asked questions, and the hologram an-
swers them in spoken words. The operator of the airport also explains in the paper that
the hologram catches the attention of the passengers. They are listening to the hologram,
and the lines are moving faster in the lanes where it is present. However, no quantitative
research was performed in this article, making the results of this experiment hard to meas-
ure accurately.

Measuring attention towards displays is valuable in this thesis because it could help
differentiate the effectiveness of different prototypes. Alt et al. (2016) have already been
able to establish that presence of a face is the most accurate feature to measure the audi-
ence's attention. Narzt et al. (2018) completed this area of research by discovering that
the actions taken by the display to grab the attention depend on the amount of attention
already being paid by groups of passers-by. Using all the previous knowledge, Sugano et
al. (2016) have developed a concrete implementation using one camera attached to a dis-
play to measure the attention of passer-by both in space and time. This technology could
be interesting in this study to pinpoint the areas where the attention of the passengers
towards the screen is the highest.

Unfortunately, no research took into consideration the impact of the information dis-
played on the screen, which could make a significant difference in the context of airport
security. This impact of the information could be measured by having several sets of air-
port security instructions on display and individually measure the amount of attention of
the passengers. Comparing the measurements would allow revealing which of the instruc-

tions was the most attractive.

2.6. Cross-cultural design
Culture is a term hard to define precisely. Kroeber & Kluckholn (1952) reported more

than 300 different definitions of culture. More recently, Hofstede, a prominent researcher
in this field, defined culture as “the collective programming of the mind which distin-
guishes the members of one group or category of people from another” (Hofstede, 1984).
In their book, Stewart & Bennett (2011) take the definition of culture further by separating
it into two different layers. The objective layer of culture relates to social and material
elements such as customs and language. In contrast, the subjective layer of culture con-
tains psychological elements such as the values and expectations of society. In order to
understand the distinctness of each culture, several modes have been defined. For exam-
ple, Hofstede created a theory called “National Dimensions of Culture” (Hofstede, 1984).
It categories countries using six different dimensions, which are (i) Power Distance, (ii)
Masculinity/Femininity, (iii) Uncertainty Avoidance, (iv) Long/short-term Time Orien-

tation, (v) Individualism/Collectivism, and (vi) Indulgence/Restraint. This model allows



having a precise understanding of the culture at a country-level. The choice of this scale
is, however, questionable because many sub-cultures exist in highly populated countries.

Based on all the knowledge accumulated from the study of different cultures, the no-
tion of cross-cultural design emerged. Because of the globalization of society, adapting
technology for multiple cultures has become an increasingly common need (Shen et al.,
2006). Researchers have been researching this topic in many different fields. One of them,
which could be of interest in the context of this thesis, relates to the cross-cultural online
instruction design. In their article, Rogers et al. (2007) reveal the importance of under-
standing the difference in language and symbols of the targeted users. This knowledge,
in particular, should be applied if new instructions are designed for a security control
point of the airport.

With direct connections to 55 different countries, Helsinki Airport hosts passengers
with a great diversity of cultures. Therefore, it is crucial when designing a solution for
the airport to include cross-cultural design considerations to be able to communicate with
every passenger properly. One possible communication technique is to use cross-cultural
pictorial symbols. Airports already contain many different standardized signs to instruct
the passengers about regulations, wayfinding, or services, for example. Without text, the
icon on the signs should be self-explanatory to all the passengers, which is not always the
case because of cultural differences (Biedermann, 1994). A recent study has developed
the idea of “intelligent icons”, displayed on cross-cultural websites, that change automat-
ically depending on the location of the internet user (Heimbiirger et al., 2012).This solu-
tion could help mitigate the cultural difference in the icon interpretation, but unfortu-
nately, the security control point screens display the same information for all the passen-
gers. No further research on cross-cultural signs in the context of airport security was

found.

2.7. Summary

This chapter reveals that 3D screening technologies could be beneficial for the airport
security control points of Helsinki Airport, but its high price makes it inapplicable. Dif-
ferent techniques to measure the attention of the passengers towards displays have also
been presented. At the same time, this chapter revealed a lack of research on several rel-
evant topics. The most important one relates to passenger behavior at the security control
point, which received close to no interest. While public displays have been extensively
studied, their application in the context of airport security is unknown.



3. CONTEXT

The leading airline at Helsinki-Vantaa Airport is the flag-carrier Finnair, which uses the
airport as its hub and has flights to over 130 destinations spread in 38 countries. In 2019,
70% of the passengers at Helsinki Airport traveled with Finnair (Finnair Plc, 2020). Hel-
sinki is located almost precisely on the flight path of many western-European cities on
their way to Asian metropolitan areas. This strategic geographic advantage has been one
of the critical strategies of Finnair, reflected in their route plan with 21 destinations in
Asia and over 100 more in Europe (Finnair Plc, 2020). The role of the Finnish’s capital
airport is crucial for ensuring that passengers can connect quickly between their European
and Asian flights. In practice, Finnair uses the operational model called “hub-and-spoke”
in which it feeds Helsinki Airport with banks of flights originating from Europe and later
combines the travelers onto outward flights to Asia (Button et al., 1999).

One key aspect that makes this strategy successful is the low minimum connection
time (MCT) implemented at the airport. The MCT is the shortest amount of time in which
passengers and their luggage can connect between two flights at a given airport and can
vary depending on the origin and destination of the flights, whether it is a domestic or
international flight within or outside of the Schengen area (Choi et al., 2019). At Helsinki
Airport, the MCT varies between 35 to 40 minutes, which is short by comparison to other
central European airports (Finnair, 2020). To respect this MCT, the airport operations
must be efficient, including fast access through security for passengers before walking to
the gate of their next flights.

During the year 2019, 21 million travelers roamed in HEL, of which 38.6% were
international transit passengers (Finavia Oyj, 2020). The passengers that are transferring
within the Schengen area do not need to be screened while the passengers outside this
area must go through a security control point (Finavia, 2019). One exception to this rule
is the passengers traveling from a non-EU country that is part of the “one-stop security”
scheme. This scheme was developed by the European Parliament to recognize certain
countries that achieve security standards similar to the EU ones, such as the USA or Can-
ada (European Parliament, 2008). At Helsinki-Airport, there is one security control point
meant for transiting passengers, also known as Security Checkpoint 9. It is located in
the Non-Schengen area of the airport (see Figure 2 for detailed location) and was opened
in 2019 as part of the development program of the airport. This program is an ongoing
1.2 billion EUR project that aims to make the airport ready to serve 30 million passengers

with a high level of customer experience (Finavia Oyj, 2020).
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Figure 2: Location of the Security Checkpoint 9 (in red) at Helsinki Airport

The thesis will focus primarily on this transit security control point for several rea-
sons. First of all, no other security control point of the airport has accurate data about
passenger flow or the amount and category of the trays requiring additional inspection.
This lack of data complicates the analysis of the current situation and limits the possibility
to see pattern changes if a design solution is implemented. Second, from the experience
of the personnel at Finavia and the airport screeners, this security point has the highest
rate of trays requiring additional inspection. Third, for business reasons, Finavia has a
higher interest in improving Security Checkpoint 9 to be the most efficient security con-
trol point in order to facilitate the MCT of the passengers. Fourth, the checkpoints in the
landside of the airport see only Finnish residents and some tourists. At the same time, the
variety of destinations and the more diverse ethnicity of the connecting passengers of the
Security Checkpoint 9 offers a better context for a cross-cultural design that might be
crucial to achieving the goals of this thesis.

Figure 3 presents the three main sections of Security Checkpoint 9. First, the passen-
gers arrive from the extremities of the green section a