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Abstract. Skyboard is a training medium that creates awaeemé the benefits
and pitfalls of Airport — Collaborative Decision KMag (A-CDM) and it prepares
trainees to deal with the challenges of effectioiaboration and adverse events at
their airports. It is a serious game that faciitaexperiential learning by allowing
trainees to experiment how their behaviour inflemnctheir performance.
Important competencies for Skyboard’s target grat collaboration, effective
communication, and plan and execute the plan. Giewelopment was carried out
in an iterative manner to facilitate a game thaulddoth engage and motivate
trainees as well as ensure learning on key comgpietenA team consisting of
training specialists, operational performance spists and game designers
worked through several cycles of design, develogntesting and evaluation to
create Skyboard. The game was tested on 3 diffecentsions with key
stakeholders at a large airport in Europe as veelWith a group of academics and
researchers across two different countries. In e&the testing sessions the game
demonstrated that the trainees enjoyed playingdtthat the high level learning
goals were met. Feedback from each of the sessi@ss incorporated into
subsequent developments. This paper presents titknds of these testing
sessions and the preliminary findings of the vaiaeof Skyboard.
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Introduction

Because of the expected increase in air transpertSingle European Sky ATM
Research (SESAR) program aims to handle three tinwgs air traffic than is currently
possible, but also to reduce the environmental anppa improve safety, and to cut
ATM costs with 50% by 2030 [1]. To achieve thesealgoit is of paramount
importance that aircraft arrive and depart on tamel that the turnaround process is
performed within the time limits available. A-CDNing to improve efficiency of the
turnaround process to enable the timely departdreaicraft, even in adverse
conditions. However, not all parties involved ie thtroduction of A-CDM are equally
motivated to support it. They may not be willingegrchange information with other
companies, particularly when they consider thesepamies competitors.

Skyboard is a serious game that aids airport mamagewith the introduction of
A-CDM by creating awareness of its benefits anfafiit It also trains competencies
required for dealing with changes and adverse svent



Serious games have gained popularity in the lagpleoof years. Much funding
has been invested in their development and theg heseived much attention in the
training literature. However, the effectivenessueing serious games for training has
not been indisputably proven [2]. Many studies shibat some serious games benefit
learning while others do not [3], [4], [5], [6]. €hefore, this paper investigates the
effectiveness of Skyboard, in supporting the impatation of A-CDM at a large
airport in Europe. The topics of interest are tkilssand attitudes that are improved
while playing the game and the enjoyment of playhegygame.

Skyboard is developed within the EU FP7 funded gabMASCA (Managing
System Change in Aviation). It forms part of thark@ng, training and mentoring
framework which is executed by several parties udiclg the Dutch National
Aerospace Laboratory (NLR), Swedavia airport, theydt institute of Technology
(Stockholm), KITE, and Trinity College Dublin.

1. Serious Games
1.1. Definition

Training media are tools for trainers and educatws aid in the transfer of knowledge,
skills and attitudes to students. They can be gedrirom simple training media, such
as textbooks and presentations, to advanced mgdih,as full mission simulators that
create learning environments which are mimickinglitg Serious games can be
viewed as more simplified versions of reality. Whicaining medium is most effective
depends on the learning goals. If, for example Jéhening goals pertain to the transfer
of knowledge, a combination of literature and pnésttons may be most effective. If,
however, the learning goals pertain to the impromeinof skills, media that facilitate
experimenting may be more effective, such as sitorga Serious games facilitate
experiential learning and allow students to experitnin a safe environment and to
experience how their behaviours influence theiulteg7], [8].

1.2. Development of Serious Games

The development of serious games and other traimatgrials starts with a thorough
analysis of the target population and its trainivegeds. It is important to know what
trainees can do, the extent of their knowledge l¢epeior to training, how they feel
about the learning materials and what they shoeldide to do, know and feel after
using the training materials. In other words, antrey needs analysis is required to
investigate the target group’s existing proficieheyels in important competencies and
the required outcome proficiency levels. The ddfeze between these two is the
training gap. Once the training gap is determitednhaterials are designed, developed,
tested and evaluated by training specialists digeBubject Matter Experts.

Game development generally follows a different pescof development. This is
usually an iterative process in which the outcoofee evaluation forms input for the
next development cycle. Many cycles are requiredreate a game that meets the
training requirements. For the development of Skytipthe instructional development
process was combined with the game developmentepsoto create a model for
efficient serious game development. This modekstaith an extensive training needs
analysis followed by various iterations of desidayelopment, testing and evaluation.



The creation of a serious game requires instruatiaesigners, but also game
designers. There is often a tension between garsigradgs whose primary goal is to
make a fun and exciting game that motivates plagedsinstructional designers whose
primary goal is to fill the training gap no mattbe training medium [9]. Skyboard was
therefore developed in a team consisting of ganséggders and instructional designers
who have continuously worked in close cooperationrdmove as much potential
tension as possible thus ensuring the developmisat game that is both fun and
instructional. The complete team was heavily inedivin performing the Training
Needs Analysis and after each game design phasepthplete team ‘walked through’
all identified competencies to identify which araimed in the game, how they are
trained and to what proficiency level. Furthermdieey discussed each competency
that is not trained in the game to find out if #h@ras an elegant way to include it. As a
result of this approach all members of the develapimieam were reminded of the
competencies on a regular basis making it easiertiem to make well-founded
decisions on the elements to include in the game.

2. Skyboard
2.1.Goals of Skyboard

Skyboard is aimed at two related, but separatetangpups. One target group consists
of (potential) management personnel of airport Basempanies who are responsible
for their company’s change management. The othegetagroup consists of middle
management, supervisory staff and operational sthffir Traffic Control (ATC),
ground handling, airport operations and airline spanel who will face the
implementation of A-CDM in the near future. These the people who have to make
decisions for their companies regarding how to deigth events in their operations,
such as lost passengers, de-icing and closed reway

The key competencies that were identified in theifing Needs Analysis
included: assess; cooperate; communicate; detercdneect change solution; and
execute and monitor execution. Most games impficdlaw on several of these
competencies simply because they are games. Anmeasithe competency to assess.
To play a game, a player needs to have an unddistanf the current state of the
game, but the player also needs to form ideas atidipated changes such as those
resulting from other players’ moves. Examples opamant indicators that need to be
continuously assessed in Skyboard are the airdegirture times and the current time,
which are displayed in the form of game rounds.hEaiccraft needs to leave after a
designated round. A display on the board indicetieish round is currently in progress.
When the players do not succeed in delivering tiseirvices’ on time, the aircraft will
have a delay and will become less profitable, whécheflected in the number points
the players can gain when the aircraft departs.

Since several competencies are necessary for glayig game, the development
team focused on the following competencies: collation, effective communication,
plan and execute the plan.



2.2.How to Play Skyboard

Skyboard is a board game and each player represapt®f the four A-CDM roles
(ground handling, airport operations, airlines ofr@. The players need to combine
their efforts to turnaround several aircraft ascefhtly and as safely as possible. They
do this by ensuring that each aircraft receivedcases, passengers, pilots and
clearances for taxiing and take-off. The team perfobest when they coordinate their
moves with the other players. However, during theng, more and more problems
arise at the airport frustrating the moves thatyglda can make. Examples of these
problems are sick passengers, heavy snowfall, lendreaking down of luggage belts.
Each player faces many choices, such as the dedisisolve a problem, to anticipate
on potential problems or to quickly deliver a ‘sSee’ to an aircraft. Some of the
options may seem more efficient than others, buy mafact turn out to be less
efficient for the team as a whole. The game reguimnstant assessment of what is best
for the player and what is best for the team.

The game can be played in two modes: individual erexad A-CDM mode. In the
A-CDM mode, the players play together to achieve lighest possible team score.
The individual mode is the reference which is corapke to the common way of
operating. In the individual mode a team scorelgs aalculated, but all players play
individually trying to maximize their own scoreshi$ way, trainees should experience
that their combined performance (number of aircdafparting on time) is better when
they cooperate compared to when they play indiigua

2.3.Instructional Guidance

Learning is facilitated when the learning materils elaborated on and have become
meaningful to students [10]. Simply learning is moffficient. For a training to be
effective, trainees need to link what they haverled to their daily life (transfer of
training). Instructor-led reflection aids studeitsseparating main ideas from game
details and helps them to create links between gamdepractice [11]. An educational
guide accompanies Skyboard to aid instructors antiflying signal behaviours. It
contains several observational checklists whichtla@instructor to identify effective
trainee behaviours and which competency they pertai Examples for the
competency effective communication is to ask qoesti share information and use
verbal and non-verbal communication. The instruatakes notes of these behaviours
and interrupts the game to provide feedback whentridinees encounter a problem,
such as when they notice they cannot get an airtvadepart on time, when they get
frustrated, when they are happy that they haveeaeli something, etc. The group
elaborates on and discusses what happened, whsgccdauo happen and how they can
prevent the event from happening in the futureerhipting the game creates the
opportunity for trainees to immediately practiceawtvas learned.

3. Results of Testing Sessions

The test sessions during the first development esyctook place within the

development team, with training and operator pemfoice experts at the Dutch
National Aerospace Laboratory — NLR and with tnagniand operator performance
experts at Trinity College Dublin. Three sessiorserheld at a large European airport



with representatives of the target group. The tesubm each session were used as
input for further development of the game.

3.1.First Test Session

The first of these sessions was intended to testctmcept of serious games and to
generate ideas for further development. An eartyqiype of the game was played and
commented on by airport staff. This session focusedyame dynamics and on how
representatives of the target group considerediseigames.

The trainees were very enthusiastic about usingerfolss game to aid the
introduction of A-CDM. They were positive about pgigally meeting other
representatives of airport companies, instead bf @atking on the phone or emailing.
However, the game dynamics were not good enoughiet game did invite trainees
to discuss A-CDM related issues with other traindes it did not immediately invite
to cooperate. Therefore, the game development thitesession focused on developing
game dynamics that force trainees to cooperateardegdynamic that changed after
this session was, for example, the introductionbafriers that make it harder for
players to achieve their goals.

3.2.Second Test Session

The target group of the second session consistedasfge managers. The goals of this
session were to verify how the trainees appreciiiedmprovements that were made
to the game and to explore what the trainees ledmgelaying the game.

This session firstly explored the attitudes of jggrants towards the introduction
of A-CDM. All participants looked forward to it, pected it to improve coordination,
and expected it to increase predictability of afrand departure times.

The second research question pertained to thef wéliparticipants that serious
games can effectively contribute to learning. Team were asked to rate several
learning environments in their suitability for maig skills. After playing the game, the
trainees were more convinced of the effectivenésenous games compared to their
initial attitude towards serious games before plgythe game.

Thirdly, trainees were asked which learning goaksytthought the game would
achieve. Most of them indicated that the main le@yngoal is in the area of
collaboration.

A final research question was to find out how musthyers enjoyed playing
Skyboard. This is an important question, becauseesits who enjoy a learning
experience are more motivated to perform their fEgtand will therefore learn more
from their experience [13]. The participants indézhthat they enjoyed playing the
game. Figure 1 shows the attitudes of players démgrSkyboard. Players were
satisfied with most aspects of the game, but soraélelss positive on learning how to
play the game.
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Figure 1. Target group attitudes towards Skyboard

3.3.Final Test Session

The last session was performed with the same tgrgeip as the second session and it
mostly studied the same questions, but it was peagd with other stakeholders from
the airport. An additional goal of this session wastudy if the game required further
improvements or if it was ready for finalizationdamalidation. The validation will
study if the game indeed achieves what it was dedrto achieve.

The results are mostly comparable to the secondstssion. All participants
looked forward to having A-CDM introduced at theiirport. They expect better
predictability and more accurate information onivar and departure times. The
participants’ beliefs towards the effectiveness wid change after playing Skyboard,
but were quite positive (7 positive against 1 nizgatbeforehand. The learning goals
that they expected were a better understanding-6DM and were in the area of
cooperation.

An important finding from this session was that réhevere no significant
differences in the appreciation of SkyboalFd«.192;p = .977). Thus, the participants
in the final test session were comparably satisfigt the game, indicating that further
improvements on game dynamics were no longer nageasad the game was ready for
validation.

4. Preliminary Results from Validation

The validation has started, but the results have been analysed yet. They are
expected in the beginning of August. This chaptifirgive an overview of the method
of validation and preliminary results.

4.1.Validation Set-up
A total of 40 students were recruited for the vation. One no-show resulted in the

cancellation of one group of four students. EacHidstion session lasted
approximately 2 hours. Students were randomly assigo the experimental condition



groups (CDM mode) or to the control condition gre(ipdividual mode). The sessions
started with an instruction and group discussiosualhe turnaround process to get the
students acquainted with the domain. Next, the ex@at leader briefed participants
on Skyboard’s game rules followed by playing thengan CDM mode or in individual
mode in groups of four students each. After playiing game, the participants were
presented with an ‘Einstein’s Riddle’, a riddle tthaquires deductive reasoning to
solve. Participants were instructed that they comtitk together, but they were not
obliged. Finally, the participants filled out anj@yment questionnaire and a cognitive
workload measurement.

During gameplay and solving the Einstein’s riddleages and sounds were
recorded with a video camera. The experiment leaded as instructor. To ensure that
all groups received approximately the same amolimstruction at the same times the
instructional guidelines were slightly altered. tbesd of interrupting the game for
discussion on observing signal behaviours the gérader gave feedback on the
students’ behaviours after each three rounds &éey. round 3, 6, ,9 and 12).

Observational checklists were used to investigdtethe game trains the
competencies: collaborate, effectively communicatel plan and execute the plan.
Video playback was used to tick off the behavioreting to these competencies
during every three rounds played in A-CDM modeultizy in four measurements
(first quarter: rounds 1-3; second quarter: roudds third quarter: rounds 7-9; and
fourth quarter: rounds 10-12).

Observational checklists were also used during tEim's riddle to assess if a
difference in behaviour was observable after plgyime A-CDM mode compared to
playing the individual mode (non A-CDM mode). Belmar was identified as being
good if people communicated and tried to coopedatgng the riddle and behaviour
was identified as bad when people did not commu&idaring the riddle or showed
insufficient cooperation. All behaviours were rated a four-point frequency scale
based on the observational rating scale [14] anddctake the frequencies: rarely,
sometimes, regularly, and consistently.

Furthermore, a questionnaire was handed out bditrdbend after playing the
game to measure the tendency to cooperate. Thistigueaire measured whether
people enjoy working in a team and if they thoutligir performance would improve
in a team compared to working individually.

The topic of enjoyment was measured using a scaked on an existing
measurement scale for measuring players’ enjoyroeigiames [15]. This scale was
originally intended for video games and was adafidid a board game. The questions
pertained to concentration levels during the gatme clarity of the goals, the amount
and level of feedback, the level of challenge,lével of autonomy, the amount of skill
improvement, and the overall enjoyment of the fregn

4.2.Preliminary Results

Preliminary results indicate that each competemegroves while playing the game.
These results were gathered by observing the dsideahaviours during the first,
second, third and fourth quarter of the game. Thiug, behaviours relating to the
competencies collaborate, communicate and planeaadute plan appear to be used
more often as the game progresses. However, thenalide behaviours during
Einstein’s riddle do not appear to differ betwelea ¢xperimental and control groups.



Furthermore, the difference between the experinhesut@l control groups on
attitude towards teamwork do not seem to differtpst or post-test. There does appear
to be an interaction indicating that the experirabgroup’s attitudes increased more
than the control group’s attitudes.

The enjoyment questionnaire indicates that bothettierimental and the control
group enjoyed playing the game. The enjoyment tedel not appear to differ much
between both groups.

4.3.Discussion

Skyboard appears to yield positive results regarttiaining the selected competencies.
However, even if the definitive results show thas use of the behaviours related to
these competencies increases significantly, theylrie be critically evaluated. Only
one observer rated the behaviours. The observematablind to the conditions (e.g.
the rounds the games were in). An observer neessgavhat happens on the board to
be able to interpret what the players are doingrdtore, s/he should be able to view
the board as well as the players. However, thecbshows the game state and it is not
difficult to estimate what quarter of the game Hfirsecond, third or fourth) the
observer is seeing. This makes it very hard ifimgossible to have a blind observer.

Einstein’s riddle does not appear to yield differes between the experimental and
the control group in observable behaviours. This de due to the way the
measurements were taken. Negative behaviours veemgted and subtracted from the
number of positive behaviours. However, the obddevébehaviours in Einstein’s
riddle were not rated on efficiency. Therefore efficient group could show one very
positive and efficient way of cooperating, suctdagding the tasks. This would result
in only one point. Another group that discussespablem and shows more, but less
efficient, cooperative behaviour would score mooenfs, but may perform worse. This
was not observable on the task itself as noneeoftbups managed to solve the riddle.

A result that was not anticipated is that the gasems to take up an equal amount
of time for both groups. Earlier sessions showeat the CDM mode took players
longer than the individual mode. A more thoroughlgsis should be performed to find
out if the required time differs significantly oot If the CDM mode indeed takes up
more time there is a cost to working together, ib@DM mode it does differ it may
only lead to better outcomes without additionalts@s time.

In summary, the game does seem to contribute toileg but the analysis still
needs to be executed to find significant differance

5. Future expectationsfor Skyboard
5.1. Exploitation of the Game

The intended target groups of the game are peopitking on airports who are in the
process of changing towards A-CDM. The game hags bd@eoduced at an airport and
will be part of a dispatcher training in Septemd@t3. Other airports may benefit from
using the game as well, because it can aid in rdieing of competencies that are
important for A-CDM. Other people who require thempetencies collaborate,
communicate, and plan and execute plan may alsefibétom playing Skyboard, such
as change managers who work at airports.



The game dynamics have been set and balanced andlstabe translated into
other domains. The domain model of the game caalteeed to facilitate transfer of
training from the training situation to real lif&his is done by removing domain
aspects, such as the airport, aircraft and rolesraplacing them with aspects of the
new domain, such as a fire station with fire trueksl roles that are important for the
new domain.

5.2.Future Research Paths

Future research should focus on the efficiency hef game and should result in
behaviours that can be identified by a blind obserilso, after playing the game, the
changes in behaviour should be studied. This shioegldde not only the frequency of
behaviours, but also the quality of these behasgiauterms of efficiency.

Furthermore, the transfer of training from thertiag situation into real life should
be further investigated to show that the game amgnly yield results in situations
comparable to the training, but also in the wotkiation of the players. This is also
why the game has been tested on a large airfield.

The game in itself is not a full A-CDM training. dims at creating more positive
attitudes towards CDM and at training competencezuired for dealing with the
introduction of CDM. A full CDM training also inclles topics that are aimed towards
the knowledge side, such as how to use DepartuaaniPlg Information messages
(DPIs). However, the validation will prove if thame can make a solid contribution to
A-CDM training.
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