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Abstract: Escape Rooms are presently considered a very popular social entertainment activity, with
increasing popularity in education field, since they are considered capable of stimulating the interest
of players/students and enhancing learning. The combined game mechanics have led to blended
forms of Escape Rooms, the Serious Escape Games (SEGs) and the hybrid type of Escape Rooms that
uses Augmented Reality (AR)/Virtual Reality technology, a type that is expected to be widely used in
the future. In the current study, the MillSecret is presented, a multi-player Serious Escape Game about
local cultural heritage, where the players must solve a riddle about the cultural asset of watermills.
MillSecret uses AR technology and it was designed to be conducted in the real-physical environment
and in an informal educational context. The paper describes the game, its implementation, the playing
process, and its evaluation, which aimed to study the feasibility of game conduction in outdoor
settings and the views and experience of players with the game, the local cultural heritage and local
history. Evaluation results reveal, among other findings, a very positive first feedback from players
that allows us to further evolve the development of the game.

Keywords: cultural heritage; games; Augmented Reality

1. Introduction

In recent years, gaming, game-like applications, digital games and Serious Games
(SGs) [1], and lately Escape Rooms have gained interest and are used both in the educa-
tional field [2,3] to meet teaching needs on various topics, such as history and cultural
topics, chemistry, astronomy etc. and in the cultural heritage field [4]. In education, they
are combined with game-based teaching methods and used in formal, non-formal and
informal learning contexts for diverse purposes, such as socialization and teaching improve-
ment [2,5]. In cultural heritage, gaming and game-like applications offer the opportunity
to re-live and re-interpret the past, provide attractive experiences to visitors and especially
to the younger generations by using modern digital technologies, offer a novel way to mu-
seums and institutions to communicate with public and contribute to the cultural heritage
preservation and dissemination [1,6–8]. Escape Rooms are presently considered a very
popular social entertainment activity, with increasing popularity in education field, since
they are considered capable of stimulating the interest of players/students and enhancing
learning [2–4]. The combined game mechanics have led to blended forms of Escape Rooms,
the Serious Escape Games (SEGs) with a use of many prospects [9] and the hybrid type of
Escape Rooms that uses Augmented Reality (AR)/Virtual Reality (VR) technology, a type
that is expected to be widely used in the future [3,10].

In the current study, a Serious Escape Game, the MillSecret, for local heritage and
history will be presented in order to cover the need to engage young generations with
cultural heritage and history in an attractive way [7]. The game uses key concepts of
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Escape Rooms which are considered “a competitive market” [4] (p. 9) and “ideal for places
of informal learning that emphasize a physical location” [4] (p. 25). MillSecret uses AR
technology and it was designed to be conducted in the real-physical environment and in
an informal educational context where more research is needed [4]. The evaluation of the
game aimed to study the feasibility of game conduction in outdoor settings, the acceptance
of if this type of game players/visitors and the views and experience of players with the
game and the local cultural heritage.

2. A Brief Field Review
2.1. Cultural Heritage and Games

In the cultural heritage field and especially for museums, games are considered
an effective tool to motivate visitors and provide engaging and memorable user expe-
riences [11,12]. Various applications and approaches have been developed in order to
communicate and safeguard cultural heritage [13] and to study fundamental concepts
and features such as presence, immersion [14], visitors profiling and museum advertis-
ing [11]. These applications use different technologies such as livestreaming [13], 3D en-
vironments [14] and geo-location [15] in various ways (e.g., virtual exhibitions, mobile
apps). AR and VR can enhance the dissemination and appreciation of cultural heritage [15]
through engaging and immersive experiences such as serious games [16]. In the case of AR
games, they must be adapted to the physical world [17]. They are developed with diverse
purposes such as “to engage visitors with the architectural contents of the site” in an AR
construction game [18] (p. 22) or to “bring back to life” archaeological sites that have been
lost” in case of a marker-based AR mobile app that was developed about the Koguryo
tombs with painted tumuli and a fragile and difficult accessed indoor environment [19]
(p. 2).

According to Koutroumanos and Labropoulos, several studies focus on the use of
AR games about the local history and civilization. These games take place in the natural
environment, require exploration, and use of mobile devices, promote physical activity,
teamwork, and collaboration, and create a positive attitude for similar applications [20]. In
their research, they implemented an adventure game, the game “Salamis”, where players
had to explore real sites—monuments, use the AR application, collect information. and
solve riddles [20]. Di Paola, Inzerillo and Alognaa designed a cultural heritage video
game, which they classified more as an Action-Adventure Game and Entertainment Game
than a Serious Game. In their game, AR was embedded into the VR environment with
a core role by providing the keys for the next levels [17]. Shin, Kim, and Woo present
the design of a mobile AR game for the site of Daereungwon, based on Points of Interest
(PoIs) features, visual marks, and GPS to provide an on-site experience. According to
their research, other studies which apply gamification and AR in cultural heritage field
mainly focus on location-based games [21]. Haahr [22] studied game experience and more
specifically location-based AR games for cultural heritage sites that take place in the actual
site and retain the sense of presence in the real environment. According to Haahr, the
term presence in game experiences that take place in a real cultural heritage site cannot
be defined and studied as in virtual environments in the sense of “telepresence”, but
more generally as a mediated experience, close to the natural way of perceiving the real
environment. Regarding the “immersion” term, they study the types of sensory, challenge-
based and imaginative immersion. They emphasize the need for a connection and balance
between the physical world and the game world through the interaction of the elements
of the two worlds, the creation of audiovisual material and game mechanics that will not
emphasize only the game world and will not distract player’s attention from the physical
environment [22]. Nofal et al. [23] present TouchTomb, “a tangible gamified installation”
for students aged 10 to 14, who visit Neferirtenef tomb-chapel in the context of school
visits. They built a physical, realistic wall in the size of the true part of the inner west wall
of the chapel to work as the interactive tangible interface. The installation was deliberately
placed just outside the original chapel and hosted three game categories to communicate
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respectively different types of heritage information (architectural, historical, and artistic).
Game setup included a 3D puzzle, cards, LED lights and “a LED strip connected to an
Arduino Mega” to indicate progress and valid placements and aimed to study how the
installation affects the interaction with the tangible and real interface [23] (pp. 6–9).

2.2. Serious Games

Serious Games are described as “games with educational purposes” [24] (p. 1). The
learning goals are achieved “through a fun experience” where various factors (usability,
competition mechanism etc.) determine players engagement [24] (p. 1). Therefore, the
primary goal of Serious Games is not entertainment but learning and the game-based
environment is used as the medium that will convey the learning content [7,25,26]. Serious
games, “also referred as educational games” [16] (p. 4), have many common features with
all types of games (game mechanisms, rules, audiovisual experience, element of challenge
etc.) [7], they can engage players in the experience, stimulate and retain their interest in
learning and encourage perseverance in completing tasks [16,25]. Serious games are used
in various fields such as cultural heritage, education, healthcare [27] and are preferred by
students more than traditional methods [28]. They are considered that can be effective
tools [17] for learning and training [17,18] but are less attractive to young generations than
Action and Adventure Games [17]. Serious Games mostly focus on educational outcome
and less on entertainment and their transformation to Action and Adventure Games is
proposed as a challenge [17]. Yallihep and Kutlu [28] concluded that mobile serious games
can effectively enhance students’ achievements, whereas further studies are required to
investigate the role of mobile serious games as educational tools [28].

Serious Games in Cultural Heritage

SGs can effectively communicate cultural heritage by experiences that combine learn-
ing and entertainment, trigger interest, motivate further engagement with cultural her-
itage [29] and help visitors gain experience and knowledge [12,30]. They place emphasis
on historical reconstruction, on cultural and heritage awareness, on history education, on
museum visits, on Intangible Cultural Heritage (ICH) safeguarding and transmission [6,8].
They have been used in various forms such as action, strategy, and simulation games, in
formal and informal educational context (e.g., home, school, city) [24]. SGs aim to “increase
user engagement, attract new visitors and provide cultural content in a way that can lead
to long-lasting experience” [27] (p. 1). SGs, AR and Digital Storytelling are among the
digital technologies used and combined in cultural applications [31]. Motivation and
user engagement are considered key factors in a cultural heritage learning experience and
serious games and game mechanics can effectively raise learners’ interest, trigger their
motivation, and encourage them to participate in situated learning experiences [25].

In cultural heritage activities, emphasis is given to boost user’s participation in shaping
their cultural experience. User’s cultural profile and background is considered a key factor
that positively affects user’s experience along with “user expectation, motivation and
feelings” [31] (p. 3). Additionally, the simple features and function of a cultural product
contribute to a positive user experience [31]. Finally, SGs are different from games in other
fields: Their purpose and objectives differ [12] and the cultural context differs compared to
other fields since the content in cultural sites is complex, visitors are diverse and usually
they visit a place only once with limited available time [11].

2.3. Escape Rooms

Escape Rooms are team-based activities, usually of five players or more with a time
limit of 15–120 min in most games, which can take place in various places e.g., in a meeting
room turned into a playing stage [2], or a classroom [3]. They include diverse challenges [10]
that require multiple skills and abilities such as team spirit, cooperation, task management,
emphasis on detail etc. [4]. According to Fotaris and Mastoras [3], in most Escape Rooms,
the objects that contain clues are only physical, such as locks, while the mix of physical and
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digital objects, such as QR codes, are less used, but the hybrid type of Escape Rooms that
use AR/VR technology is expected to be widely used in the future [3]. In addition, Escape
Rooms are considered “a competitive market” [4] (p. 9) and therefore they constitute a
field of multiple future applications and research.

Nicholson defines Escape Rooms as “live-action, team-based games where players
discover clues, solve puzzles, and accomplish tasks in one or more room in order to
accomplish a specific goal (usually escaping from the room)” [4] (p. 1). Escape Rooms
probably appeared in Japan in 2007, maybe even earlier [10] and expanded afterwards
in other countries [2–4,10]. According to Nicholson the 65% of Escape Rooms owners
were inspired by other Escape Rooms and the rest 35% by other sources such as adventure
movies. The precursors of Escape Rooms were the live-action role-playing games, point-
and-click adventure games and escape-the-room digital games, puzzle hunts and treasure
hunts, interactive theater and haunted houses, adventure game shows and movies and the
themed entertainment industry [4].

In the field of education, according to Fotaris and Mastoras [3], Escape Rooms “are
based on a social-constructivist approach (Vygotsky, 1978)”, where players learn through
a real-time experience and various challenges such as solving puzzles. The theme also
varies since player’s escape is not the only theme, but other themes as saving a fictional
character [3] are also used. They aim to meet teaching needs on various topics, such as
history and cultural topics, chemistry, astronomy, etc. [4] by providing an attractive learning
context for students and an effective teaching tool for teachers [9]. They are considered
to be an innovative approach that offers multiple benefits and can effectively enhance
learning through a real, active, collaborative, and engaging experience. More specifically,
they promote communication and collaborative teamwork [4], activate interest, motivation,
and willingness to learn [2] and they enhance social and analytical skills such as social
interaction, critical thinking etc. [3]. According to Nicholson, “being part of a spectacle,
feeling heroic, and engaging with something challenging” are the required conditions that
will immerse players in the game [4] (p. 26).

2.4. Serious Escape Games

The authors in [9] define “Escape Game (or Escape Room), as a multi-player life-size
escape game, which typically involves escaping from a room or a succession of rooms
in a limited time” where players have to find clues and objects to solve riddles [9] (p. 1).
They proposed a type of Escape Games for teaching, the Serious Escape Games (SEG),
the adapted form of a serious game, as well as a model, the Serious Escape Game Model
(SEGAM) and methods to design these type of games [9]. In SEGs they combined and
adapted learning, Serious Games, DISC (Domain, Interaction, Scenario, Context) model
and ATMSG (Activity Theory-based Model for Serious Games) elements [9].

In the current study, a Serious Escape Game for local heritage and history is presented.
The game was developed based on escapED framework [32] and SEGAM model [9] and
relevant guidelines of other studies, as presented throughout Section 3. It is designed to be
conducted in the real-physical environment, which can be linked with the virtual through
games [24]. It has been used as the 3D environment of AR applications augmented with
digital content (text, images, 3D objects, etc.) [25] and therefore can constitute a meaningful
environment.

3. Game Description and Implementation
3.1. The Game

MillSecret is a multi-player Serious Escape Game of one level. Players must detect
hidden physical objects and hidden digital information using the AR app in order to solve
a riddle about the cultural asset of watermills. The game was designed and developed to
be played by players of all ages, at least 10 years old (visitors, residents, students), with
no special knowledge or experience on Escape Room games. It was designed to have a
short duration in order to avoid player fatigue, to be played by 3 to 6 players, based on
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cooperation without a predefined time limit. It was deliberately chosen not to impose a
time limit, in line with other studies [10], in order to have more time to study the dynamics
and cohesion of the teams, the reactions and attitude of the players, both regarding the
game (e.g., degree of difficulty, acceptance) and the local history and local cultural heritage.

3.2. Objectives and Learning Process

The game is designed to be an informal learning experience based on the educational
strategies of active and experiential learning aiming to knowledge acquisition, behavioral
change, and problem-solving skills development. Knowledge acquisition is expected to be
achieved through the solution of the riddle that requires information about the watermill
and the history of the place as a prerequisite to solve the math quiz, which consists of
simple algebraic problems that include information acquired through the AR app (e.g.,
year of the landslide that destroyed the monuments). Problem solutions are clues that lead
to the riddle solution. These dependences intend to make players watch the history of the
place carefully in order to get the required data, to use their knowledge in mathematics in a
creative and enjoyable way and thus to strength their self-confidence and motivate further
learning. Players will need to put emphasis on this information in order to combine it with
the rest of the data to find the solution and get a reward. In this way, the AR app supports
the learning objectives of the game. Thus, at the end of the game, the participants are
expected to have acquired knowledge and to show increased interest for the cultural asset
of watermills, the local watermill and the history of the place and its value. Consequently,
the goal of behavioral change in terms of interest in local tradition and history is expected to
be achieved. The game is designed to be played by a group of players and thus competition
and collaboration are the core mechanisms to boost players’ motivation and the successful
completion of the game. Additionally, special skills are not required, and the game can
be played by teams of players with different levels of experience, knowledge, and skills,
which are considered to be the most successful teams [9]. Finally, the problem-solving
challenge, the solution of the riddle, is expected to create a more interesting, creative, and
fun experience.

3.3. The Hybrid Reality Environment

The game was designed to be implemented at the physical environment, it can be
played only in the selected place and is structured as a single scene, the mix of the real
environment with the digital (Figure 1). The place was selected due to the historicity
of the area (Figure 1a). In that place, from the Byzantine period, there was a women’s
Christian Orthodox monastery, which was later evolved into a church. There were also
watermills/flourmills with fulling mills which were destroyed by a major landslide [33].
Now, there are the ruins of the old church (Figure 1b) and a watermill (Figure 1d) that
was built immediately after the landslide and operated until the previous decade. A field
research and extensive study of historical data of the area, we carried out during recent
years, provided historically accurate and realistic data that supplied the digital content
of the AR app (Figure 1c,e) [34–37]. The use of AR technology complements the world,
connects the present with the past and the physical objects with the digital ones and along
with competition, challenge, exploration of the environment and the rest game elements,
leads to user’s immersion and engagement into a compelling experience of local culture
and history, according to the studies presented in [9,25].
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reveals its history; (f) Inside the watermill in the operational days of the previous decades.

3.4. Theme

The game’s plot is built around the fiction that the mill craftsman has hidden clues in
various places in the area outside the watermill, in order to protect his secret about the way
the millstone is constructed. Players must solve a riddle to learn the secret. The solution
will come from the right combination of hidden clues and as a reward for solving the
puzzle, the video of the representation of the local myth is played by the AR application.

3.5. Structure and Implementation

The game environment is built in a hybrid organization [4] (Figure 2), combining
physical and digital objects with the real environment of the selected local site in order to
provide an immersive atmosphere.

The physical objects used are everyday objects (wooden box, padlock and key, fabric
bag) and objects constructed for the needs of the game (Figure 3).

The digital objects present historical data about site’s monuments (Figure 4a,b) and a
local myth (Figure 4c), include photos, narration, and video, all embedded in the image-
based AR app. Processing of the digital material was performed using Adobe Suite and
Windows Movie Maker. The AR app was developed using Unity 3D and Easy AR platform
and installed on a tablet that was provided to players. To ensure image recognition, more
than one images of the monuments were used to activate the AR app and specific positions
were marked to help players in case of difficult light conditions.
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3.6. Objects, Clues and Rewards

The physical objects that players must search for are the key, the box, and the label,
which were hidden in purposefully selected spots (Figure 5). More specifically, the label
was hidden at a spot that could be easily found by players in order to encourage them, as
it is proposed in [2], the box was carefully hidden in a more difficult spot because it was
an important object that contained other clues and objects, while the key was placed on
an obvious spot, but carefully hidden in order to make the game more challenging. The
AR app contains a hidden digital clue about the monuments of the site, the old church
building (Figure 4a) and the watermill’s building (Figure 4b) and it is activated by these
monuments. Also, the AR app contains the craftsman’s secret that will be displayed as a
reward to players, activated by the riddle’s solution at the end of the game (Figure 4c).
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Figure 5. Location of the hidden objects.

Red herrings (misleading clues and objects) were not used because in the physical
environment, a variety of objects exist that could mislead players and therefore it would
increase the difficulty level. According to Nicholson, 50% of escape room designers do not
include red herrings [4]. Also, extra clues were not used since the instructor would provide
hints in case players needed or asked for (e.g., get stuck) [2] and therefore the standard
mode of playing the game was followed [4].

3.7. Objects’ Role and Players’ Actions

The game is based on a narrative design in order to keep player’s interest, is a
single experience with a non-linear flow, a fact that allows each player to take his own
area of responsibility and contribute to the quick solving of the puzzle. Players have to
observe, focus, think and cooperate in order to solve the riddle. Initially, they can work
independently to find the three physical objects and to use the AR app and then they must
cooperate in order to combine clues and find the solution. The role and usefulness of
the objects varied: obvious in case of the key to unlock the box and more complex with
other objects. The objects will help players figure out what other objects they need to
find. For example, if they find the locked box first, they will realize that they have to look
for the key and vice versa. The box (Figure 3) contains a small bag with letters, a clue
that explains the matching between numbers and letters, and a math’s quiz where the
numeric results correspond to the riddles letters and constitute the medium “to transpose
the learning contents into riddles” [9] (p. 2). The math’s quiz contains equations that
required knowledge of elementary—high school level mathematics and data about local
history contained in the AR app. The label has a carved recess at the back, which fits exactly
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the letters of the word puzzle and when players place the letters in, the AR app is activated,
to display the local myth (Figure 4c).

4. Testing and Evaluation
4.1. Research Questions, Methodology and Tools

Game evaluation is based on qualitative research. The emergent sampling was de-
ployed [38] in order to give the opportunity to anyone who wants to participate. Ob-
servation and semi-structured interviews [38] were used as qualitative data collection
techniques. Observation is considered a basic method and its experiential character suits
the requirements of the current study [38]. The semi-structured interview was chosen since
it combines flexibility and the use of a question guide [38]. More specifically, a short but
comprehensive set of questions (Appendix A) was used in the current study in order to
study a set of research questions without wasting visitors’ time. Content analysis was
used to process the data, which are organized and presented according to the research
questions [39]. The research questions regarding a Serious Escape Game (MillSecret) about
the local history and local cultural heritage, are:

1. What are the impacts of the Serious Escape Game on team’s behavior?
2. Is it and to what extent accepted by players/visitors?
3. Can it and to what extent positively affect players’ attitudes toward local cultural

heritage?

4.2. Participant’s Profile

Game play took place in 9th August 2020 with 16 players (hereinafter referred to as P1
for the 1st player etc.), six female and 10 male, of age ranging from 13 to 31 years. There
were five school students, eight university students and three older players. Thirteen of
the participants were regularly visiting the village, at least twice a year, spending enough
time there, while the other 3 players were visiting the village for the first time. Regarding
players knowledge about the history of the site, all the 13 regular visitors of the village
stated that they knew about the existence of the old church but ignored any information
about its past. Additionally, they stated that they were informed about the existence of the
watermill and more specifically 3 out of 13 had only heard narrations by their grandparents,
5 out of 16 had visited but without remembering details, whereas 5 out of 13 had strong
memories of watermill’s operation. About players’ previous experience with escape room
games 7 out of 16 answered that they had played escape room games in the past. Regarding
the previous experience with AR applications, 9 of the 16 participants stated that they had
used some AR app before (P1, P3–P7, P11, P13, P14) and “Pokemon Go” was stated as an
example application they had used.

4.3. Process

Game evaluation included the following four stages:

1. Preparation and testing. The preparation and testing stage aimed to setup the game,
to ensure player’s safety and the smooth operation of the AR application according to
other research guidelines [4,9,25]. More specifically, preparation and testing lasted
5 days and special emphasis was given on the safety of the players. The play area was
cleaned, leaves and broken tree branches were removed. Next, the spots where the
objects would be hidden and the spots where the digital app would be activated were
selected. The AR application was extensively tested in order to ensure its smooth
operation, to select the most suitable and safe search area and to ensure enough space
for comfortable players movements and the successful image recognition, because in
the external environment the light brightness changes at different times of the day.

2. Players invitation. Players were initially informed about the purpose of the study, the
game content, the game evaluation and about the playing options and then they were
invited to take part in the game. More specifically, they were offered the opportunity
to choose the day and time of the event and to form the teams themselves or to play
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the game as one single team. The limitations were that the number of members of
each team should not exceed six people. In most games, teams have five players or
more [3]; however, for the settings of the specific game (available space, number of
items and quizzes), a team with more members was not considered to be an effective
choice. Another limitation was the weather conditions, which should not restrict
game conduction and there should be daylight for the application to be used. There
was a very positive response and willingness to participate, so after the invitation
there were immediate appointments for the day and time of play.

3. Game conduction (Figure 6). The game conduction stage provided a test with players
in real conditions and aimed to study this type of game, the players’ reactions and
attitudes toward the game and the local cultural heritage and to identify possible
problems, failures, etc. that were not predicted during game development. There were
two game plays, with two teams competing in each play. Players were introduced
to the purpose, the goal, and the rules of the game. Grouping into two teams was
done by the players themselves. Players were also asked to choose whether they
wanted to compete based on a time limit or on the best time. All players decided to
compete for the best time. The first two teams had already decided the grouping, and
both teams had the same number of players. The 3rd and 4th teams were formed just
before the play. All teams decided the order of participation themselves. Before the
game each team was given instructions about the purpose of the game (search for
a hidden secret by solving puzzles), about the use of the application and about the
area where they should search for clues. During the play, the opposing team waited
its turn at another spot, without visual or acoustic contact with the game area. The
players were supervised by the researcher who was present in the place the game was
conducted and had the role of the game master, first of all to ensure players safety,
to guide and help them in case they got stuck or disappointed by providing hints,
to provide feedback and guidance in certain cases such as when looking for items
outside the area or confirmation if an object was a clue for the solution of the puzzle
and to ensure the smooth flow of the game, according to relevant study findings and
guidelines [4,9].

4. Game evaluation. The game evaluation stage included initially a group semi-structured
interview and then the debriefing-reflection phase (Figure 7). In the end of each play,
a group semi-structured interview was conducted, which lasted 20–30 min and only
written notes were kept. The debriefing-reflection phase is considered an important
element [32] and in the current study aimed to study the views and experience of play-
ers with the game, local history, and local cultural heritage. The debriefing-reflection
phase with the players lasted 15–20 min, where the researcher-instructor explained
the purpose of the game, how the game was organized with the first priority being the
safety of the players, what elements were used, how the documentation of the histori-
cal data was done (residents’ interviews, etc.), the use of stop motion technique for the
myth’s representation and the AR application development. Debriefing-reflection is
considered a critical component that leads to long-term learning, to better experience
and to game improvement [3,4,9]. In the current study it was additionally used as an
evaluation tool. Evaluation of learning outcomes was conducted in an indirect way,
through interviews and discussion and not by a formal form like a test, which was
considered inappropriate in this preliminary phase of the game.
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5. Evaluation Results
5.1. Impact on Team’s Behavior/Teams’ Dynamics and Cohesion

Based on researcher’s observations, the first team solved the riddle in approximately
15′, the second team in 27′, the third in 18′ and the fourth in 23′. The first team was
organized and collaborated effectively (each player was looking at a different spot), they
were methodical and searched in detail and without haste. The second group did not
have good member coordination, they lacked intensity and rhythm. The third team was
very competitive, and they played with intensity and rhythm because they wanted to beat
the fourth team. The fourth team found the three items in the first five minutes but had
difficulty in finding the fourth item, wasting much time. Nevertheless, they continued to
play with speed, and, at that point, instructions were given to focus their search in a specific
object and to search in more detail. The first and second teams played very carefully,
following the game rules. The third team did not leave the field as the fourth team was
playing, promising that they would just watch and not bother. In the process, however,
they were joking and teasing the fourth team members, a fact that slightly annoyed and
distracted the players and led to recommendations from the researcher. However, overall,
the competitive spirit and the teasing between friends created a very pleasant atmosphere.

The opportunity to choose how to play the game enhanced the players’ involvement
and engagement with the experience. The element of friendly competition among teams
activated them. As for the reward element, three players seemed surprised because
they were expecting something more tangible or ordinary as reward (P2, P4, P7). The
opportunity to choose the element of reward could have a more positive effect. None of
the players had difficulty to use the AR app. Three groups had to watch the digital content
of the AR app twice to confirm the landslide date, the key clue for the game. This fact
did not cause any inconvenience to the players or any negative comments and certainly
helped them remember an important event of site’s history. All the players played with
interest and enthusiasm and maintained this attitude until the end of the game, where they
watched the video of myth’s representation very carefully. All the players were careful
with the space and the monuments and helped in setting up the game for the opposing
team.

5.2. Attitude Toward the Game

To study a player’s opinion about the game, they were asked four questions. The
first question was “how interesting did you find the game?” along with the choices of
“not at all”, “a little”, “moderate”, “very” and “extremely”, for players’ convenience and
time saving purposes. 8 of the 16 players described the game as “very” interesting, while
the other 8 described it as “extremely” interesting. When asked the second question
“what did you like about the game?”, they answered: “the combination of historical
elements” (P1), “teamwork” (P8), “victory” (P11), “adventure” (P9), “participation” (P13)
and “exploration”(P12). On the 3rd question “what didn’t you like about the game?” they
answered: “the hot weather” (P5, P13), ”the wet terrain” (P1) and one player answered: “I
would prefer the linear game structure, with one clue to lead you to the other”(P12). Next,
regarding the organization of the game, they were asked to remark or make suggestions for
improvements about the game. One player suggested that the search area should be more
clearly defined, using, for example, barrier tape to mark its boundaries, because, during the
play, the player is absorbed in the game and can easily get out of the area (P12). Another
player suggested that the search area could be expanded to include more monuments,
allow more player movement, and thus more collaboration (P2).

5.3. Attitude Toward Local Cultural Heritage

Three questions related to the content of the AR app and two more general questions
were asked to players in order to study possible changes in users’ attitude toward the local
cultural heritage through the game and the AR app. The first question “What would you
like to comment on the content of the application?” aimed to investigate player’s opinion
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and to find out what they remember most about the AR app content. About the digital
content displayed regarding the monuments of the site, players were impressed about the
history of the old church, since they did not know that there was a monastery that was
later evolved into a church, while the video of watermill’s working days evoked pleasant
memories in five of them (P2, P5, P10, P11, P13). About the myth displayed after the riddle
solution at the end of the game, they wondered about the representation process. On
question “What is your opinion about the representation of the myth?” all players stated
that they really liked it, and as they characteristically commented, they liked that they
learned about a myth they did not know. Furthermore, they were asked if they consider
that this myth’s representation is more suitable for a certain age group and specifically only
for preschool children. They all answered negatively, since they found it really interesting
and believed that this representation successfully conveys the message, i.e., it explains the
myth better than other representations such as a black and white video of previous decades
or a documentary video (P6).

Then, to the question “how much did you like the combination of culture and technol-
ogy?” everyone answered “a lot”. Also, on question “Would you like similar experiences
to be available for this area?” everyone stated “yes, very much”. Finally, when asked “how
would you describe the overall experience?”, they commented: “I liked learning while
playing” (P1–P16), “I generally do not like the history but I liked learning the historical
facts about my village” (P5), “I was anxious because I thought I should know information
in advance and that I would be asked about it” (P8), “it was worth a lot” (P9–P16), “a
unique experience” (P9–P16), “I felt like a young child” (P15), “you learn through play”
(P1–P8), “very good”, “interesting”, “fun”, “entertaining” (P1–P16).

6. Discussion and Conclusions

The first feedback provided by the current case study is encouraging and allows us to
answer positively the research questions, without, of course, the possibility of generalizing
the results. More specifically:

• regarding the impact of the Serious Escape Game on team’s behavior (research ques-
tion 1), it is noticed that the game experience had positive effects and offered players
multiple and valuable benefits such as new knowledge, teamwork, collaboration,
enjoyment, motivation, interest etc., corresponding to learning outcomes and skills
enhancement and improvement reported in other surveys [3,10,20,23,24] and there-
fore confirming their results. Additionally, it was found that the friendly competition
between the two teams helped players to immerse in the activity and the given ability
to players to decide how to play allowed them to engage with the game in their own
way, confirms the results and guidelines of other studies [4,9].

• the positive and immediate response to participation, the positive attitude during the
game and the positive comments of the players after the end of the game are in line
with the results of other surveys [2] and indicate that this category of games can be
accepted to a large extent by the players/visitors (research question 2).

• the players’ positive attitude, enthusiasm and interest about the local history and
cultural heritage and their determination to overcome difficulties of the natural envi-
ronment are in line with the findings of other studies [20]. Additionally, their positive
behavior and attitude indicate respect both for the game and for the space, in contrast
to cases of damages in the room caused by players [4] and therefore this type of
game can positively affect players’/visitors’ attitudes toward local cultural heritage
(research question 3).

Overall, the current study reveals that it is feasible to conduct a Serious Escape Game
such as MillSecret in outdoor settings. Furthermore, regarding the organization and
conduction of this type of game, it is concluded that:

• the role of the game master is very important and it is more efficient for him to be
in the same place with the players as it is proposed in escape room games [4] and to
watch and provide immediate help if needed, according to other studies guidelines [9].
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• it is confirmed that debriefing is a critical element for reflection, and it must be a
mandatory component, in order to achieved multiple goals, as it has been highlighted
in other studies [3,4,9].

• regarding game difficulty [9], it is better to provide easy games, which every team
can complete, in order to avoid negative feelings [4] and negative attitude toward the
theme of the game.

• allowing the players to select some options of game rules can enhance players engage-
ment, confirming other studies results and guidelines [4].

• the friendly competition can enhance players engagement, confirming other stud-
ies [40].

The current research focused on the investigation of the implementation and the effects
of Serious Escape Games in outdoor settings, where the AR application plays a decisive
role in the game, but without dominating the user experience and without interfering
with the natural environment and monuments. A limitation of the game is the activation
of the image-based AR application. Since testing and game conduction took place at the
same time period with a difference of a few days, there were no difficulties in the AR
app activation. However, in tests performed a month later, in the case of the old church’s
building image recognition was successful, while in the case of the watermill’s building it
failed. This fact makes the game not replayable in a different time period. The use of hybrid
solutions on recognition, with minimum or no intervention in the physical environment
and monuments [41], can be a solution to make the game replayable. Another limitation
is the learning outcomes evaluation of the Serious Escape Games; however, it is a point
that requires further investigation since according to other research measuring the impact
of games is an important but difficult task [10,24], where diverse evaluation models [42]
and theories such as Flow’s theory have to further analyzed and adopted [43] in order
for the diverse characteristics of the different game genres to be examined [42,43]. The
results of the research and the experience gained from the design and implementation of
the game can be used for future adaptations of this type of game experience and allows us
to examine several extensions of the game. These extensions could include different places
and monuments of the same area, use of both the interior and exterior of a monument
where possible. Other extensions will focus on the combined use of different technologies
such as Virtual Reality and Internet of Things and the participation of the players in shaping
of the game scenario, always giving emphasis on the players’ safety and the monuments’
protection.
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Appendix A

List of Questions

Note: All questions were “open-ended” except for the 5th question, where partici-
pants were asked to answer by selecting one of the predefined answers of “not at all”, “a
little”, “moderate”, “very” and “extremely” for participants’ convenience and time saving
purposes.

1. Players age and main occupation (asked to select one of the following: pupil, student,
other)
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2. Do you often visit the village?
3. Do you know any historical information about the place? If so, how did you learn

about it?
4. Have you ever played escape room games?
5. How interesting did you find the game?” (please select one of the following: “not at

all”, “a little”, “moderate”, “very” and “extremely”)
6. What did you like about the game?
7. What didn’t you like about the game?
8. Do you have any comments or suggestions you would like to make about the game?
9. Have you used any AR application? if so, could you please mention one?
10. What would you like to comment on the content of the AR application?
11. What is your opinion about the representation of the myth?
12. Do you believe that this representation is intended only for young children, that is

more suitable for a certain age group and specifically only for preschool children?
13. How much did you like the combination of culture and technology?
14. Would you like similar experiences to be available for this area?
15. How would you describe the overall experience?
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