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Abstract 
Museums have different challenges form a lack of funding and staff 
to a decrease in visitors. Due to the lack of interest from visitors, 
museums have created more enjoyable experiences for the public. 
The literature has shown that serious games are beneficial to 
visitors, as they can both encompasses entertainment and learning. 
On the other hand, this technology is mainly designed without the 
opportunity to allow for constant changes, resulting in a short life 
span. In this research, we propose the design and development of a 
serious video game for Caracol Museo de Ciencias, inspired by 
escape room game mechanics, which aims to promote visitors' 
engagement and to provide them with a different game experience 
every time they visit the museum, through the continuous updating 
of the game by museum staff with the help of a web authoring tool.   
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1 Introduction 
Museums have shifted from places where visitors are passive 
participants to places where visitors engage actively in the 
exhibitions.  The use of interactive exhibitions has become of high 
interest to visitors, and these types of exhibitions generally involve 
the use of technology [12]. A tool that the literature has proven to 
be successful is the utilization of serious games [2], which can be 
described as games that support the player to achieve specific 
learning goals (besides entertainment) through a joyful experience. 
Aside from their educational component, serious games can also 
contribute to increasing the engagement [17] with the elements of 
the museum exhibitions, and thus, improve the visitors’ experience. 
This allows for Visitors that are highly engaged to accomplish a 
goal increases their likelihood of playing the game again. However, 

 
1 https://sic.cultura.gob.mx/ficha.php?table=museo&table_id=620 

the visitors' engagement in museums can become a challenge, as 
museums generally lack funding that does not allow them to update 
the exhibitions' content and regularly provide different experiences. 
Such is the case of Caracol Museo de Ciencias1, located in 
northwest Mexico. However, the museum is willing to incorporate 
new technologies as it is an interactive science-oriented museum. 
Therefore, the motivation of this research is the design and 
development of a serious game to promote visitors’ engagement at 
a museum exhibition and the creation of a tool for museum staff for 
the purposes of updating the content available in the activities in 
the serious game. 
2 Background and Related Work 
According to the International Council of Museums (ICOM), a 
museum is an institution which “exhibits the tangible and 
intangible heritage of humanity and its environment, for education, 
study and enjoyment” [11]. In this section, the term “engagement” 
is described, and we elaborate on how it fits in the context of this 
research. Also, we share some examples that have been reported in 
the literature regarding interactive technology and games in the 
museum context. 
2.1 Engagement 
 In the literature, there is no consensus in the definition of 
engagement in a museum context. Some of the most common 
elements related to engagement are the exploration [19] and time 
spent in the museum exhibition as it is considered that "the more 
time a participant spends doing something, the greater their level 
of engagement in the task" [18]. A definition of engagement for this 
project is based on the APE project where they propose the concept 
of Active Prolonged Engagement [9], understanding it as the 
participation of visitors with the museum elements and 
collaboration with other visitors.   
2.2 Technology and Games 
Different types of technologies have been developed and 
implemented for museums; some have been through the user’s own 
devices, so it does not represent an additional investment for the 
museum. Some examples of these are presented in Luna et al. 
(2020), where 95.5% of the apps researched for the Mexican 
museum market were informative apps, while only 13.3% had to 
do with games in an app format [16].  
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According to [6], the benefits of using gaming elements in a 
museum can increase visitor interest. A serious game is a type of 
game that, although it considers entertainment, has a different goal, 
for example, an educational or health objective [22]. In this sense, 
a serious game employed in a museum context is the Puzzle and 
Mystery types [5]. In these games, the player has to find the 
solution to puzzles according to the clues provided and the 
information within the museum exhibition. Examples of projects 
involving these games are the Scavenger Hunts game [13], an 
interactive treasure hunt where a group of 11 participants aged 9 
and 10 years old played the role of being detectives. The results 
showed that participants actively searched for the answer rather 
than guess. Some difficulties that arose in the project were related 
to technical issues and the disadvantage of depending on the 
availability of devices in the museum. The other example is The 
Quest [3] for a temporary installation, inspired by the escape room 
game mechanics where visitors solve riddles and once, they solve 
the challenges, they must submit their answer in a shared game 
terminal. Some results showed that visitors spent more time in that 
exhibition compared to the others. Nevertheless, in the initial 
iteration, it was hard for visitors to understand the game. However, 
neither of those examples provide the opportunity for the museum's 
staff to update the content of the video game.  

As it can be seen, some efforts have been made to foster 
visitors' engagement to the museums, but there are still 
opportunities for these types of efforts to be sustainable and 
scalable through time and user-friendly to museums' staff to enable 
updates 

3 Research Objective 
The main goal of this research is to design, develop and evaluate a 
serious video game to promote visitors’ engagement at the museum. 
The specific objectives are presented next. 

• Identify visitors’ profiles and design features that must 
have a serious video game for the Caracol museum. 

• Identify the design characteristics that the serious video 
game should have to make interactive challenges 
reusable. 

• Design the interactive challenges of the serious video 
game according to the profiles of attendees at the Caracol 
museum. 

• Develop the interactive challenges of the serious video 
game and the web authoring tool for the Caracol 
museum. 

• Evaluate the relationship between visitors’ engagement 
and the user experience of the serious video game in the 
Caracol museum. 

4 Methods 
We are following the Design Thinking methodology [21], which is 
a user-centered design approach that allows iteration and 
contributes to "resolve complex problems" [7] by understanding the 
needs of users [1] and developing "fittable solutions" [14]. 
Although we did not find in the literature projects for museums that 
employed the Design Thinking methodology, we opted for this 
methodology due to its several advantages and the proposed 
potential solution that can emerge from applying this methodology. 

 
2 Examples of Personas. 

Design Thinking consists of five phases: (1) Empathize, (2) Define, 
(3) Ideate, (4) Prototype, and (5) Test. Next, we describe what we 
did in each phase 

Empathize: In this stage, two semi-structured interviews with 
members of the Caracol museum, documentation analysis, an 
online questionnaire for visitors, and observation of visitors during 
a visit to the exhibition halls, were employed to acquire deep 
knowledge about the museum visitors’ profiles and the Caracol 
museum’s context. 

Define: In this stage, the information and data collected from 
the previous phase are analyzed through qualitative techniques, 
including open coding and axial coding [4] for the interviews. The 
questionnaires were analyzed using descriptive statistics and 
qualitative techniques for some open-ended questions. In addition, 
the persona’s method [10], for understanding users’ needs, 
behaviors and so on, was also used to create four fictional 
characters to represent different user types that might use the 
game2.  

Ideate: The goal of this phase is to generate some possible 
ideas for the serious game using the results of the Define Phase. In 
this phase, a two-hour-long co-design session was conducted with 
five staff members of the Caracol museum using brainstorming 
technique and Crazy-8's method [8], a fast-sketching activity that 
invites participants to design eight different screens of the game in 
under 8 minutes, a minute per screen.  

Prototype: In this phase, the proposals of the co-designing 
session of the game are considered to formulate a proposal and 
convert it into a low-fidelity prototype using a prototyping tool, like 
Figma, to evolve it into a high-fidelity prototype eventually.  

Test: This phase will be continuously iterated with the previous 
phase. The prototype of the game and the authoring will be 
evaluated by members of the museum staff and potential visitors in 
validation sessions to measure the perceived usefulness, perceived 
use, and usability through the Technology Acceptance Model 
(TAM) [20] and the System Usability Scale (SUS) [15] 
questionnaires. Once the high-fidelity prototype is completed, the 
game will be tested with the museum's visitors and evaluated with 
surveys about users’ experience and engagement.  

5 Current Results 
In this section, we describe the design considerations that emerged 
from the Define phase, the design proposals resulting from the 
Ideate phase, and the low-fidelity prototype from the Prototype 
phase. 

5.1 Design Considerations 
Based on the data analysis from interviews and the questionnaire, 
the following design considerations aroused to be considered in the 
serious game: 

• It must provide entertainment; however, the education 
component should be the most relevant. 

• It should be designed to be used for a short time so the 
interaction with the mobile devices would not distract 
visitors from the essential elements of the exhibition, as 
it should be played in situ (in the museum). 

• Some games according to the interests of potential 
visitors are: find the differences, puzzles, treasure hunt, 
memory game, and trivia. 
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• The design of the interactive challenges should be of low 
maintenance; therefore, there is a need for having mini 
games that allow for the development of reusable 
templates.  

5.2    Design Proposals 
From the co-design session, two design proposals emerged: 
Underwater Adventure (Figure 1- a) and The Migration Journey 
(Figure 1-b). 

 
Figure 1. Examples of the brainstorming and crazy 8’s 

methods used during the co-design session. 
Some relevant characteristics of these proposals includes: 

• A main character, a diver, who guides the player through 
the storyline.  

• Encouraging participation from the youth by providing 
an individual leaderboard and a group leaderboard by 
schools in the area. 

• Different levels related to the topics of the Sea Hall.   

5.3     The Aventura Marina Game 
Aventura Marina game (Figure 2 - a) is a serious game for mobile 
devices for supporting visitors' engagement in the Caracol museum. 
The game's storyline consists of participating in an adventure to 
unlock a treasure chest (Figure 1 - d), which is done with the help 
of the story's main character (Figure 2 - c), a scuba diver that 
players can select as having the profession of a scientist or an 
environmental activist (Figure 2 - b). The challenges the player has 
to encounter are related to the exhibition's topics: oceanography, 
Marine flora and fauna, and the relation between the human being 
and the sea; thus, the game has to be played by visitors who are 
physically in the place. 

 
Figure 2. Screens from the prototype of Aventura Marina. 

The game mechanics of Aventura Marina is that players should 
solve five short, interactive challenges that are based on the escape 
room mechanics. The challenges include puzzles, trivia, memory 
games, fill in the blanks, among others. Next, we present an 
example of one of the challenges. 

All the challenges start with a situation (Figure 3 - a), then a 
solution (Figure 3 - b), feedback for the player is given (Figure 3 - 
c), and finally, it all comes to a reward for that challenge (Figure 3 
- d). Once all the challenges are completed, players must unlock the 
treasure chest by entering a six-digit password (one of these digits 
is provided by the tour guide as means to only allow for the game 

to be played within the museum). The game congrats the players 
for their participation and players receive a collectable badge.  

 
Figure 3. Parts of a mini game in Aventura Marina. 

The game dynamics of Aventura Marina is that players earn 
stars if they solve the puzzles, but they do not lose stars if they make 
a mistake. This is a way to avoid players’ frustration. The stars are 
used to know the player’s position and the overall position 
according to which school they belong to on the leaderboard. In 
addition to the stars, they also receive badges related to the theme 
of the Sea Hall after finishing the five challenges and opening the 
treasure chest.  

5.4     Validation session 
A two-and-a-half-hour-long validation session for the low-fidelity 
prototype of Aventura Marina was put up for discussion and to 
receive feedback from six members of the Caracol museum staff. 
The results of this validation session are still undergoing analysis 
and will be considered to iterate another version of Aventura 
Marina 

6 Potential Evaluation Methods 
The design proposal of Aventura Marina is a means to foster 
engagement with the public that visits the museum because the 
content of the video game can be updated by the museum’s staff 
through the web authoring tool, and with that, in any new visit, 
players will have the chance to experience different content in the 
video game that will motivate them to solve the challenges and 
ultimately, increase their interest in the exhibition.  

In the literature, some of the aspects represented in the 
evaluation of engagement are related to the time spent in the 
museum exhibition, the exploration of the area, and discussions 
around the exhibition. However, in the context of the Caracol 
museum, it is not possible to consider the length of time spent in an 
exhibit because the current COVID-19 guidelines limit the length 
of time visitors can spend in the museum. In the meantime, we will 
start to develop the interactive challenges and the web authoring 
tool. Once deployed, there will be an evaluation of the game with 
the museum's visitors to measure the usability of the game and the 
relation between visitor engagement and the experience of using a 
serious video game in the Caracol museum as well as an evaluation 
with the museum´s staff regarding the usability of the web 
authoring tool. 

7 Required feedback  
In the context of COVID-19, I would be interested in analyzing 
alternatives and receiving suggestions for the serious video game's 
evaluation stage and guidelines in methods to develop a user-
friendly authoring tool. 
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