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Boarding of passengers is one of the key processes in ground handling of an aircraft. It has a significant impact on 

the time of the entire service. Its extension or shortening changes the time of the aircraft’s stay at the airport, which 

is especially important from the air carrier’s profit point of view. So far, many boarding strategies have been devel-

oped, which boil down to determining the order of passengers entering the aircraft. Their effectiveness is strongly 

dependent on various kinds of disturbances, and especially on whether it is possible to make passengers comply 

with the established order of entry. 

The concept of boarding process reliability by using systems theory was defined in the article.  This allows for its 

formal analysis, for example using the FRAM method. Such analysis was carried out, allowing to identify those 

types of uncertainties that may have the greatest impact on the reliability of boarding. The measurements were 

carried out, the purpose of which was to quantify disturbances caused by passengers not complying with the adopted 

boarding procedure and the type of deviation from the procedure.  We have found that passengers are generally 

reluctant to adapt to the rules of boarding, even in the case of a simple back-to-front strategy. All this indicates that 

the reliability of the boarding process must be estimated having regard to the uncertainty of this type.  The analysis 

of the essence, sources and types of uncertainty was carried out and a measure was developed, allowing for a general 

study of the impact of uncertainty on the reliability of the aircraft boarding process. 
 

Keywords: Ground handling, aircraft boarding, disturbances, uncertainty analysis, risk, reliability. 

 
 

1.  Introduction 

Ground handling of aircraft includes comprehen-
sive passenger, aircraft, luggage and cargo han-
dling. One of the most important stages of ground 
handling is passenger boarding. It is a part of the 
critical path, which means that any change of its 
duration would have a significant impact on the 
total time of the aircraft's stay at the airport. The 
length of that period is important from the eco-
nomical point of view. The implementation of the 
boarding process depends not only on the opera-
tions of handling agents, but also on passengers, 
their personal characteristics, the quantity of hand 
luggage held, and the willingness to comply with 
boarding procedures. 

In the literature there are many examples of nu-
merous ways of organizing the boarding process, 
called boarding strategies. They determine the or-
der of passengers entering the aircraft depending 
on the allocated seat. The most popular ones are: 
random, back-to-front, two-sided, outside-to-in-
side. Most of them consists in dividing passengers 
into a small number of groups, and then taking up 
seats by groups. There are also more complex 
strategies in which it is necessary to precisely de-
termine the order of boarding for each passenger 
individually. Existing literature contains both dis-
cussions of individual methods and comparisons 
of their effectiveness expressed by reference air-
craft boarding time. 

Bachmat & Elkin (2008) analyzed the back-to-
front strategy and showed that it is 20% more ef-
fective than the random strategy. In turn, Milne & 
Salari (2016) proposed the optimization method, 
considering the number of pieces of hand luggage 
carried by passengers. In (Kierzkowski & Kisiel, 
2017) measurements and empirical analysis of the 
time necessary for taking a seat and interactions 
occurring in this process were made. Harrison et 
al. (2015) proposed a new algorithm for passenger 
segmentation in the boarding process. Schulz & 
Reitmann (2018) also addressed this issue by pro-
posing a method for estimating the boarding time 
using the machine learning approach. 

This study focuses on boarding reliability. It is 
defined by the probability of completing the 
boarding process in the planned time. We assume 
that unconditional shortening of this time is not 
necessarily the best solution. It is quite common 
for an aircraft to be allocated a certain departure 
slot that prevents earlier takeoff. In this situation, 
it is more important to ensure that boarding is fin-
ished at the time that guarantees a takeoff within 
the allocated slot. 

In the current phase of research, we focus on 
a qualitative analysis of the preparation for board-
ing process at the departure gate using system ap-
proach, and more specifically the FRAM method. 
In further research, we will include quantitative 
analyzes in this approach, which will allow us to 
determine the boarding reliability function. The 
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component of quantitative analyzes are measure-
ments of the size and type of disturbances in the 
boarding process, which we also present in this 
article. These disturbances are treated as uncer-
tainty dependent on the willingness to comply 
with the adopted boarding strategy. It is worth 
noting that even the most complex boarding strat-
egy may not bring the expected results if passen-
gers do not follow its rules. An example of such 
insubordination may be joining a different group 
than originally allocated, being late or blocking 
the departure gate due to non-compliance with 
formal requirements, for example, hand luggage 
being too large. 

2.  Boarding Process Reliability 

When using any boarding strategy, it is assumed 
that passengers will cooperate with a ground han-
dling agent. In particular, that they will appear at 
the time and place specified by the boarding strat-
egy. However, observation of the course of the 
real boarding, even for the simplest random 
method, indicates that this is often not the case. 
Some passengers do not comply with the arrange-
ments regarding the order of boarding. What is 
more, there may be random disturbances, which 
also change the course of the boarding process. 
The effectiveness of boarding methods is strongly 
dependent on those disturbances and passengers’ 
subordination. 

The reliability of the boarding process can be 
considered in two aspects. One of them is the per-
spective of the whole aircraft ground handling 
process. As one of the key elements, boarding 
should be carried out efficiently, safely and at the 
scheduled time. The duration of the boarding af-
fects the turnaround time and the aircraft's ability 
to depart on time. If the boarding is long, the air-
craft may lose the departure slot. With the as-
sumed “tight rotation” of aircraft, a “domino ef-
fect” may arise - delaying one operation will gen-
erate further delays. On the other hand, shortening 
of boarding time may in fact result in better plan-
ning of aircraft rotation. However, planning a 
shorter rotation is possible only when the board-
ing process is reliable. From the airport point of 
view, the short turnaround time increases the 
throughput, which is extremely important at hub 
airports when large arrivals and departures waves 
are handled. 

The second aspect of the boarding process re-
liability is the passenger perspective. Passengers, 
as the airline customers, expect a high level of ser-
vice. They want the shortest possible time of stay-
ing at the airport, efficient boarding, comfortable 
travel and reaching the destination in accordance 
with the schedule. Air carriers are also interested 
in customer satisfaction, which is why they strive 
for high quality service while at the same time car-
ing for the passenger’s loyalty. 

Schematically, the benefits of a reliable board-
ing process are shown in Figure 1. 

Fig. 1. Benefits of reliable boarding 
 

Therefore, from the perspective of the airport 
manager, handling agent, air carrier or passenger 
the reliability of the boarding process is closely 
related to its punctuality. It can be assumed that 
the boarding process is reliable if it is completed 
within a set time. Any small delay causes losses. 
Of course, the beginning of the boarding process 
is also a significant aspect of its reliability. The 
boarding process performed very quickly might 
still not be reliable if started too late. 

Determining whether the boarding was reliable 
means checking the condition 

    (1) 

where: 
 – beginning of the boarding,  

 – boarding duration, 
 – boarding closure, 
 – scheduled time of boarding closure. 

The readiness of the aircraft to accept passen-
gers on board, which depends on the previous ser-
vice stages, affects the beginning of the boarding 
process. As we focus on the problem of uncer-
tainty related to insubordination of passengers, we 
will not analyze this issue in detail, assuming that 

 is is in line with the schedule. 
There are many factors influencing duration of 

the boarding process. Number of passengers is 
one of them. It is significantly easier to achieve 
the reliable boarding if the aircraft is only partially 
filled up. However, airlines strive to maximize 
their profits, so the planned boarding time is cal-
culated for the fully loaded aircraft and so we as-
sumed in our analysis.  

The other factors affecting the time of boarding 
include:  
‒ available handling staff and equipment like 

boarding pass scanners,  
‒ hand luggage quantity, which is especially 

important for small, narrow-body aircraft, 
‒ passengers requiring a special assistance and 

priority passengers, 
‒ the number of transit passengers. 

Boarding process 
reliability

Reducing the 
aircraft 

turnaround 

time

Reducing the 
operational 

costs

Increasing the 
airport 

capacity

Increasing the 
aircraft 

utilisation 
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The staff managing boarding acts differently 
depending on factors that may prolong the proce-
dure excessively. Passengers requiring a special 
assistance are always pre-boarded or boarded at 
the end of the process. This avoids interactions 
with other passengers, at the same time ensuring 
more space. Priority passengers usually board at 
the beginning, but they are also authorized to do 
this at any time. This may significantly increase 
the time of boarding, because the seats of priority 
passengers are usually at the front of the cabin, so 
while they are taking their seats, all other passen-
gers may be blocked. Passengers traveling in 
groups, with family (especially with children) or 
friends, usually want to get onboard together. 
There may be a problem when trying to allocate 
these passengers to separate groups in accordance 
with the boarding strategy.  

In addition to the above-mentioned factors, the 
duration of the boarding  is also influenced by 
unpredictable disturbances, which cannot be con-
sidered by boarding personnel. We mean the fail-
ures of the equipment used (for instance boarding 
pass scanners) or passengers who are looking for 
a boarding pass, thus blocking the passage of sub-
sequent people.  

All the discussed circumstances make predict-
ing the reliability of the boarding process difficult, 
both in general or in its specific implementation. 
The planned boarding duration is also difficult to 
determine. In addition, as already mentioned, in 
the airports with the coordination of departures, 
the effort put into shortening the time of boarding 
may not give the expected results, when an earlier 
departure is not possible due to the lack of a slot. 
However, in such cases it may be possible to com-
pensate effects of possible disturbances or insub-
ordination of passengers. 

3.  Formal Analysis of the Boarding Process 
Using the FRAM Method 

This section analyzes the typical boarding process 
at the departure gate using the Functional Reso-
nance Analysis Method (FRAM) which was de-
veloped by Hollnagel (2012) for studying com-
plex socio-technical systems. This method is usu-
ally equated with Safety II proactive approach, 
which becomes popular in safety research. Its 
main assumption is to accept that the system may 
operate differently than planned by its developers. 
The dangerous event is treated as a special case of 
system functions outputs variability. But gener-
ally, such variability should be treated as some-
thing normal and unavoidable, especially when 
humans are involved. Therefore, according to 
Safety II, the focus is on understanding the proper 
operation of the system. Analysis of an adverse 
event focuses on the effects of possible variability 
of the functions. 

In this paper we deal not so much with safety 
as the reliability of the boarding process. Using 
the FRAM method, we will describe the proper 
course of the boarding and then we will analyze 
possible variability of functions and will search 
for combinations of variabilities (called the func-
tional resonance), which may lead to the exces-
sive prolongation of the process equated with its 
unreliability. The analysis assumes various levels 
of variability determined in a qualitative way. 

Creating a model and analyzing the system 
with the use of that model consists of the follow-
ing stages: 
1. Identification of the system functions by the 

analysis of its operation “as expected”.  
2. Description of the aspects of functions used. 
3. Determining the couplings between func-

tions. 
4. Identification of variability in function oper-

ation. In general, four categories of function 
variability are distinguished: 
a. The function works according to the time 

and accuracy requirements. 
b. The function is not executed – it does not 

give an output value or is performed in-
sufficiently (with unacceptable preci-
sion). 

c. An incorrect function is performed, that 
gives unacceptable output data. 

d. The correct function is performed sooner 
or later than it is required or out of order. 

5. Determination of the variabilities of aspects 
affecting the performance of functions.  

6. Definition of safety constrains. This step al-
lows determining if there is a violation of re-
strictions. If so, the system goes into a state 
in which an accident may occur. 

7. Determination of undesirable scenarios by 
analyzing the possibility of cumulative varia-
bility. 

Each function performed is described by six as-
pects (Figure 2): 

 

 
Fig. 2. FRAM function aspects (Hollnagel, 2012) 

 

1. Input (I) - the value that begins the function 
execution. 

2. Output (O) - result of the function. 
3. Preconditions (P) - conditions that must be 

met before the function can be performed. 
4. Resources (R) - required or used during the 

implementation of the function. 
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5. Time (T) - defines the start or end time of the 
function. 

6. Control (C) - methods, constraints and proce-
dures that define how the function is con-
trolled. 

The creation of a FRAM model describing the 
proper operation of the system required its speci-
fication by: 
‒ system functions identification (step 1), 
‒ description of the aspects of the functions 

(step 2), 
‒ determining the couplings between functions 

(step 3). 
These steps are summarized in Table 1, while 

the graphical form of the model created with the 
use of FRAM Model Visualizer (FMV) program 
is shown in Figure 3. The model was verified 
through observations of actual boarding process 
at the Warsaw Chopin Airport. In addition, it was 
checked by domain experts - employees of the 

ground handling agent. The model was also veri-
fied formally by the FMV software used. For ex-
ample, it checks whether each defined aspect of 
the function is connected via coupling with an-
other defined aspect of the other function. 

Due to the paper size restrictions, only some 
functions and couplings are presented – the most 
crucial for the boarding time. 

To check the possibility of an unreliable boar-
ding the analysis consisting in subsequent steps of 
the method (Tian et al, 2016) was conducted: 
‒ determining the variability of functions and 

their propagation through aspects (steps 4 
and 5), 

‒ establishing system constrains (step 6), 
‒ determining undesirable scenarios (step 7). 

For the sake of brevity, the abbreviation “pax” 
instead of “passengers” will be used in the FRAM 
model and tables describing the variability.

 

Fig. 3. FRAM model of the boarding process 

 

Tab. 1. Description of functions, aspects and couplings in FRAM model of the boarding process 

Function Input Output Precondition Time 

F1 – Start boarding Pax divided into groups Gate open 
Bridge is available 

Aircraft ready for boarding 
- 

F2 – Priority pax boarding 
Gate open 

Priority pax at gate 
Priority bax boarded - - 

F3 – Group 1 pax boarding 
Priority pax boarded 
Group 1 pax at gate 

Group 1 pax boarded - Priority pax at gate 

F4 – Priority pax ready - Priority pax at gate - - 

F5 – Check pax list Group 2 pax boarded 
All pax boarded 

Missing pax 
- - 

F6 – Final call Missing pax Waiting time - - 

F7 – Late pax boarding 
Priority pax at gate 
Group 1 pax at gate 
Group 2 pax at gate 

Last pax boarded  Waiting time 
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Based on the analysis of functions performed 
by the system, all their potential variabilities were 
determined. Table 2 shows the correct outputs and 
some variabilities of these functions, which can 
contribute most to the boarding time. 

Table 2 shows the variabilities within the func-
tion itself. They may be amplified by the influ-
ence of variabilities of aspects which are the in-
puts of the function. This way, the variability 
propagates. A part of the analysis made is shown 
in Table 3.  

Tab. 2. Examples of functions variability 

Function Variability Description 

F1 
F1V0 Boarding started on time 
F1V1 Boarding started with a delay 

F2 
F2V0 All priority pax boarded 
F2V1 Some priority pax are missing 

F3 
F3V0 All group 1 pax boarded on time 
F3V1 Some group 1 pax are missing 
F3V2 Group 1 pax boarding delayed 

F4 
F4V0 All priority pax ready on time 
F4V1 Some priority pax are delayed 
F4V2 Some priority pax are missing 

F5 
F5V0 All pax boarded 
F5V1 Some pax are missing 

F6 
F6V0 Waiting time defined correctly 
F6V1 Too long waiting time 

F7 
F7V0 Late pax boarded on time 
F7V1 Late pax boarding delayed 

 
Tab. 3. Example of variability propagation rules 

Function Input Time Output 

F3 F2 output 
F4V0 F3V0 
F4V1 F3V2 
F4V2 F3V0 

F7 F4 output 
F6V0 F7V0 
F6V1 F7V1 

 
The variabilities of outputs in Tables 2 and 3 

indicate where the deviation from the operation 
“as expected” may occur. However, not every de-
viation causes the boarding process to be unrelia-
ble. Therefore, in the next step, there is a need to 
specify system constraints that allow determining 
whether a specific combination of variabilities 
can cause delayed boarding.  

In the case of our analysis, determination of 
system limitations defining unreliable boarding is 
rather simple. They are given by the relation (1). 
The important thing is that not every case of in-
subordination of a passenger consisting in the ap-
pearance to boarding in the wrong group causes 
boarding to be delayed. An analogous situation 
occurs with late passengers. 

The system constraints allow defining scenar-
ios leading to boarding unreliability. There is a 
number of those scenarios and they can be de-
scribed using appropriate transition graphs. Due 
to limitations of the size of the paper, only two 
important sequences are presented, which are the 
core of many scenarios, which result in unreliabil-
ity of the boarding process. 

1. Priority passengers report at the time re-
served for the passengers of the first group; 
these are passengers taking up seats in the 
back of the aircraft, so priority passengers 
who usually sit at front – block the boarding 
process. Exemplary scenario which includes 
this sequence can be described with the fol-
lowing transition 

F1→F1V0→F2→F2V1→F3→ 
→F3V0→F4→F4V1→ F5→F5V0 (2) 

2. There are some passengers (from any group) 
who are late for boarding and are called by 
means of “final call” announcements; if the 
decision is to wait too long, boarding may 
end up after the scheduled time. Exemplary 
scenario which includes this sequence can be 
described with the following transition 

F1→F1V0→F2→F2V0→F3→F3V2→ 
→F4→F4V0→ F5→F5V1→ F6→F6V1 (3) 

4.  Insubordination of Passengers as a Disrup-
tion in the Boarding Process 

Analysis using the FRAM method allows defining 
scenarios in which passenger insubordination 
may lead to unreliability of the boarding proce-
dure. However, each time it is necessary to check 
if the planned boarding completion time has been 
exceeded. Such analysis requires the use of mi-
croscale models and we plan to carry it out using 
models implemented as colored Petri nets in the 
next stage of research. 

In the aspect of estimating the uncertainty as to 
the reliability of the boarding process, the sources 
of this uncertainty should be identified. The basic 
problem is related to the fact that preparatory ac-
tivities for boarding, carried out by any other 
method than random, require some time to inform 
passengers about the rules of boarding and to di-
vide them into groups or even physical setting 
them in the departure lounge in accordance with 
the assumptions of the method. 

In this context, the basic question is – whether 
passengers are present in the departure lounge 
area? Often this is not the case, as passengers do 
not know when they should approach the exit, be-
cause they do not read boarding cards carefully. 
Instead they are using experience from previous 
flights, which tells them that at a given airport 
boarding usually starts 30 minutes before the 
scheduled departure time. Similarly, they may ig-
nore the voice messages or deliberately delay the 
approach to the exit so that they need not stand in 
the queue for too long. 

Objective reasons for absence in the departure 
lounge during the organization of the boarding 
process may also occur, for instance short connec-
tion time of transfer passengers. 
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Another source of non-compliance with the 
principles of boarding in accordance with the 
method used is a lack of understanding of these 
principles. The passenger often does not know in 
which order he/she should board. For example, in 
the case of the back-to-front strategy being ana-
lyzed, it may not be clear to which boarding group 
the passenger belongs. The most common reasons 
include language problems, too quiet messages 
(or, alternatively, poor passenger's hearing) or a 
surprise that some form of organization of the 
boarding process takes place at all. 

In addition to being absent from the departure 
lounge and misunderstanding the rules, the third 
important reason for problems when using spe-
cific boarding strategies is a conscious denial of 
compliance with the rules, despite their under-
standing. Occasionally, passengers seem to think 
that certain rules do not apply to them, or they are 
unaware that their behavior may delay the depar-
ture of the aircraft. This attitude may be rein-
forced by the fact that passengers coming in a dif-
ferent order than planned are not withdrawn from 
the queue and can board immediately. Such an ap-
proach of the handling staff may result from the 
belief that withdrawing a passenger will result in 
even greater problems and delays due to the need 
for explanations and reorganization of the queue. 

At this stage of research, the scope of passen-
ger insubordination was checked, and thus the 
scope and nature of uncertainty as to the behavior 
of passengers. For this purpose, measurements of 
the boarding process at Warsaw Chopin Airport 
were carried out. The measurements concerned 
the time of passengers’ arrival to the exit to the 
aircraft. Thanks to them, input data for microsim-
ulation models were obtained. They also allow es-
timating how real is the threat of unreliable board-
ing caused by insubordination of passengers. 

Considering various recommendations regard-
ing the time of arrival at the airport, depending on 
the type of flight or its length, different character-
istics of the random input process can be ex-
pected. Passengers on regular flights, often flying 
for business purposes, are usually more disci-
plined and willing to cooperate than passengers 
on charter flights, flying for leisure. Boarding on 
short-haul flights where the number of passengers 
does not exceed 200 people is different than on 
long-haul flights, when 250-400 people board. 

For the needs of this paper, the boarding pro-
cess was examined on three selected flights. Two 
of them are long-haul flights: regular and charter. 
For comparison, boarding on the short-haul flight 
is also described.  

In all analyzed flights a back-to-front strategy 
was used. In long-haul flights this meant the divi-
sion of passengers into three groups - priority, oc-
cupying the seats in the rear of the cabin and oc-
cupying seats at the front of the cabin. In short-

haul flights there was a small number of priority 
passengers, so passengers were divided into two 
groups, while passengers from the upper classes 
still had priority to board. 

4.1 Regular, long-haul flight 

In this type of flight, the Boeing 787-900 aircraft 
boarding was analyzed, in which 231 passengers 
took part, 41 of them were business and premium 
class passengers, there were 9 passengers requir-
ing special assistance and for 173 passengers it 
was a continuation of the journey (transfer pas-
sengers). Two positions were used to service the 
boarding passengers. Figure 4 shows the scheme 
of the aircraft with three visible zones, while Fig-
ure 5 shows the recorded boarding times. 
 

Fig. 4 Schema of the Boeing 787-900 aircraft (LOT, 2019) 

 

 

Fig. 5 Boarding of long-haul regular flight 

 

Boarding started at 16:13:22. At the beginning 
7 out of 9 special assistance passengers and one 
from the family were boarded. The boarding start 
time for the rest of passengers was 16:18:30. 
Boarding closure time was 16:36:15. Total dura-
tion of boarding: 18 min 15 sec. 

For a regular long-haul flight, it can be noted 
that the priority passengers boarded according to 
the rules. They entered the aircraft as the first, and 
this phase lasted about 3 minutes. Only few pas-
sengers from this group came later. For the other 
two groups, during the first 5 minutes more pas-
sengers from the 'back' zone entered the board 
than from the 'front' zone. However, we cannot 
say that passengers of both zones were separated. 

4.2 Charter, long-haul flight 

In this type of flight, the Boeing 787-800 aircraft 
boarding was analyzed, in which 239 passengers 
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were involved, 36 of them were business and pre-
mium class passengers, there were no passengers 
requiring special assistance or transit passengers. 
Two positions were used for service. Boarding 
started at 10:33:17 and ended at 10:46:44. Total 
duration of boarding: 13 min 27 sec. Figure 6 pre-
sents the recorded boarding times. 

Despite the ordered division of passengers into 
groups, we may notice that the moments of their 
actual reporting are almost completely independ-
ent of this division. 

 

 
Fig. 6 Boarding of long-haul charter flight 

4.3 Regular, short-haul flight 

In this type of flight, the Embraer ERJ-195 board-
ing was analyzed. There were 91 passengers to 
board. There was no business, premium or special 
assistance passengers. Number of transit passen-
gers was 25. One position was used for service. 
Boarding started at 07:08:42 and completed at 
07:16:07. Total boarding time: 7 min 25 sek. Fig-
ure 7 shows the recorded boarding times.  

As in the previous cases, there is also no sepa-
ration of the passengers. At the beginning, more 
passengers from zone 2 approach the exit (not in 
accordance with strategy). However, boarding of 
zone 1 ends earlier than zone 2.  

 

 

Fig. 7 Boarding of short-haul regular flight 

5.  Summary and Conclusions 

In this paper we analyze the problem of passenger 
insubordination during boarding process. Analy-
sis of the literature on boarding process indicates 
that many boarding strategies require detailed and 
complex segmentation of passengers. It must take 
place at the preparation for boarding stage. Even 
simple strategies require such preparation.   

The measurements show that back-to-front 
boarding strategy was not implemented precisely 
regardless of the flight type. The passengers of 
different groups were mixed, and this applied to 
many of them. That means the problem of passen-
ger insubordination is rather widespread. 

In the paper a simple measure of the boarding 
reliability was defined. Future studies will include 
the assessment of the reliability depending on the 
effectiveness of the boarding strategy used. This, 
in turn, depends on how much the passengers co-
operate in the boarding process, i.e. what kind of 
uncertainty we must deal with. The results show 
that uncertainty is significant. We will use mi-
croscale models, and the presented measurements 
will be the input data for them.  

It should be noted that for the analyzed flights, 
there was enough time before scheduled departure 
time. Therefore, the handling staff did not have to 
strictly enforce compliance with a boarding strat-
egy. In fact, they only announced the rules and 
then did not enforce them. As we can see, there is 
an extreme lack of passenger cooperation in such 
case. At the same time there is a great uncertainty 
regarding the possibility of accomplishing the 
goals of boarding strategy. Therefore, these issues 
may result in the unreliability of the boarding pro-
cess. 

The analysis of the preparation and boarding 
processes using the FRAM method allows finding 
scenarios with the greatest impact on the reliabil-
ity of boarding. Combining these results with the 
analysis of the uncertainty regarding the time 
when passenger appears in the departure gate may 
allow for indication of the critical stages of the 
process. Particularly restrictive measures should 
be taken in those stages and require passengers to 
comply with the rules of boarding strategy.  

The analysis mentioned above should also be 
extended to the issue of the time available for 
boarding. Considering the scope of uncertainty, it 
should be checked which boarding strategy has 
better performance when the time available for 
boarding is short. Additionally, it is worth to no-
tice that in each of the presented types of flights 
there is always a group of several passengers who 
come to the gate at the last moment.  
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