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Development of a Database of Educational Games 
Applicable to Production Engineering

ABSTRACT
Discussion over the years regarding the quality of newly graduated engineers in Brazil has 
concluded that there are gaps between learning and market expectations. Analyzing the cur-
rent scenario, the Ministry of Education (MEC) has approved new national curriculum guide-
lines that emphasize skills development and the adoption of active methodologies. The aim 
is to develop students as protagonists of their own learning. One of these methodologies is 
game-based learning (GBL), which utilizes games for educational purposes to integrate the-
ory and practice. GBL simulates reality and presents concepts in a playful way, resulting in 
greater student engagement and interest. However, research shows that a lack of knowledge 
and difficulty accessing such games are barriers to implementing this methodology. Previous 
research has focused on the development of serious game metadata (SGM), the establishment 
of controlled vocabularies, and the identification of educational games targeting production 
engineering (PE). The authors of the present paper developed a database focused on the disci-
plines and content covered in production engineering courses. The paper describes the data-
base and its aims to: (a) increase the use of games in the teaching-learning process; (b) make 
the process more effective; and (c) prepare better professionals.

KEYWORDS
game-based learning (GBL), educational game, database, repository, production 
engineering (PE)

1	 INTRODUCTION

Discussions about the quality of newly graduated engineers in Brazil have con-
cluded that while the number of job openings and available courses has increased, the 
quality of graduates does not match the quantitative growth [1], [2]. In this scenario, 
the Ministry of Education (MEC) approved a set of new national curriculum guide-
lines (NCGs) in 2019. These guidelines emphasize the development of skills, expanding 
the content domain, and prioritizing traditional education [3]. The NCGs propose a 
more flexible curriculum focused on practical activities developed through the use of 
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active methodologies (AMs). These methodologies aim to empower students to take 
more responsibility for their learning, placing them at the center of their education [4].

In Brazil, in addition to institutional deficiencies, there are often shortcomings 
in training for first-year students. They require a course to develop the skills neces-
sary for autonomy and commitment, which are essential for applying AMs. Higher 
education teachers need pedagogical training, especially in technology-related 
courses. Without this specific training, teachers risk becoming hostages of tradi-
tional methodologies (excessive and teacher-centered), which do not offer students 
opportunities for the practical application of the concepts learned in class, nor meet 
their contemporary demands [5], [6].

A promising methodology within this scenario is game-based learning (GBL), where 
a teacher incorporates games in the classroom to introduce, simulate, or summarize 
the application of concepts. In addition to instilling concepts, the methodology encour-
ages the development of specific skills, such as decision-making, leadership, and team-
work, among others [7], [8], [9], [10]. Although GBL is an exciting methodology, studies 
show barriers to its implementation [9], such as the challenges associated with identi-
fying suitable educational games. Another author has reinforced this finding through 
research with 114 teachers in the STEM (science, technology, engineering, and mathe-
matics) fields [11], highlighting a lack of information on where to find high-quality 
games as one of the main difficulties of implementing GBL. Other authors argue that 
teachers struggle to find appropriate materials because there is a lack of catalogs that 
encompass a wide range of games and filtering options [12]. Most are available since 
the majority of those catalogs tend to focus on a specific area or are overly generic [13].

Bonetti also supports this view and adds that developing educational games is not 
a simple task [5]. According to the author, many teachers lack the ability or knowl-
edge to develop appropriate games. Furthermore, while there is a wide variety of 
games available on the Internet, they are not organized systematically, which makes 
searching for games time-consuming, complex, and inefficient. In this respect, the 
author suggests the construction of a repository.

From these observations, the current research question is: How can the identifi-
cation and selection of educational games for teaching production engineering (PE) 
be facilitated?

1.1	 Objective

The main objective of this work was to develop a tool capable of assisting in 
the identification of games applicable to the teaching of PE and, thus, promoting 
improvements in the teaching-learning process. To achieve this goal, the following 
specific objectives were addressed:

a)	 Identify environments that promote the use of games in higher education.
b)	 Analyze the fields utilized by these environments to describe the games.
c)	 Verify and compare the main desirable requirements extracted from current 

locations.

1.2	 Motivation

An initial survey on the use of board games in PE teaching revealed the vast 
potential for their adoption [14]. The authors identified that one of the main barriers 
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to the adoption of games in education is a lack of awareness about their existence 
and how to utilize them effectively. One embryonic survey identified several institu-
tional websites that offered two or more games relevant to PE [15], [16], [17]. These 
results reinforced the challenge of selecting appropriate games for teaching PE, a 
problem that was also highlighted in the current research.

2	 LITERATURE REVIEW

Production engineering, which originated in the USA between the nineteenth 
and twentieth centuries as a result of the advancement of industrialization, is a disci-
pline that integrates concepts from administration, accounting, operations research, 
manufacturing processes, and supply chain management, among others, to achieve 
efficiency in processes.

In Brazil, the first PE courses appeared in 1931 (Institute of Rational Organization 
of Work (IDORT)) and 1959 (University of São Paulo (USP)). According to [18], there 
are more than 1,100 PE courses offered across the country. The importance of the 
PE profession for economic development justifies the expansion of the course.

The NCG [19] defines the profile and competencies expected of graduates and 
recommends using active methodologies to achieve them. Bonwell and Eison intro-
duced the term “active learning” in the 1990s and defined its characteristics [20]:  
(a) students are more involved in processes than when they just listen; (b) the 
emphasis is less on the transmission of information and more on the development 
of students’ skills; (c) students are engaged in higher-order thinking (analysis, syn-
thesis, and validation); (d) students are engaged in the activity (reading, discuss-
ing, writing); (e) there is more significant emphasis on exploring students’ attitudes 
and values. These same characteristics also define what are currently referred to as 
“active methodologies” (AMs).

Active methodologies are activities that encourage students to take action, i.e., get 
hands-on and reflect on their work [4], [21], [22]. There are several active method-
ologies, such as project-based learning, problem-based learning, gamification, and 
game-based learning (GBL). GBL was chosen as the focus of this study because it 
is still an emerging subject that meets current educational demands, as it utilizes 
games for educational purposes. According to the literature, supplementing tradi-
tional classes (lectures) with GBL leads to improved learning outcomes and increased 
student engagement [23], [24], [25]. In addition, GBL is an excellent method to help 
students overcome resistance to tackling complex topics [26].

Although GBL is considered an emerging methodology, the use of games to teach 
specific content in the classroom is not new [27]. A game is an activity with a goal, 
rules, a feedback system, and voluntary participation [28]. A game’s attributes include 
presenting clear and specific tasks, promoting deep immersion within a context, 
providing immediate feedback, and establishing a high degree of autonomy [29].  
Educational scholars emphasize the significance of games as essential tools for 
enhancing cognitive skills, particularly in kindergarten and elementary school. 
Games actively stimulate students to be creative while also helping them acquire 
self-confidence and concentration [30], [31].

Although much of the initial research focused on childhood and elementary 
school, there is now research on using games in higher education. Some authors have 
reported on the experiences of game creation by higher education students [32], while 
others have listed games produced and used by universities for teaching PE [33].  
The use of games for pedagogical purposes in higher education has grown and covers 
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various areas, including health [34], [35], [36], resource management [37], [38], and 
learning new languages [39], [40]. A common term used to represent games for ped-
agogical purposes is “serious game,” which provides stimulation for situations and 
can be replaced by terms such as “educational games” [41].

As defined, educational games need to focus on teaching a specific subject, 
expanding concepts, or enhancing the skills and attitudes that players/students seek 
and acquire during the game [42], [43]. By using games as strategies to facilitate stu-
dent learning, teachers are also provided with a more transparent evaluation pro-
cess. The playful nature of games prevents learners from feeling apprehensive and 
allows the content to be studied with greater tranquility [44]. The authors also pres-
ent the idea that games offer various benefits: physical (motor development), intel-
lectual (memory, concentration, abstraction, and reasoning), social (assimilation of 
rules and cooperation in a group), and didactic (related to various learning theories).

On the other hand, some research highlights the barriers to implementing educa-
tional games. Related to technical, financial, or educational challenges, such studies 
have identified the following challenges: (a) difficulties in ensuring the construction 
of knowledge through the use of a particular game; (b) distractions and a lack of stu-
dent focus when playing games; (c) lack of alignment with the curriculum; (d) need 
for equipment and training; (e) time constraints within the classroom; (f) lack of 
teacher skills in developing or managing games; and (g) challenges in identifying 
educational games [9], [11], [45].

In agreement, one author reports that the challenges associated with creating 
and implementing games are demanding and expensive for teachers, leading them 
to prefer using already available games [5]. The same author states that there is 
no appropriate environment from which games for educational purposes can be 
selected, as they are scattered on the Internet in a non-centralized manner, lacking 
systematic and uniform representation of their relevant information. This means 
that searching for games is time-consuming, complicated, and inefficient. Other 
authors argue that while there are catalogs of educational games available, they 
often require customization to meet teachers’ specific requirements. Some catalogs 
are overly broad, making it challenging to locate relevant resources [13]. Researchers 
also report that catalogs on game developers’ and distributors’ websites must adhere 
to metadata standards. This often leads to games being inaccurately described, caus-
ing confusion in terms of their classification and search [46].

Given these challenges, it is essential that games are seen as learning objects 
(LOs), resources that can be cataloged and made available as such. This would 
enable teachers to identify them more easily when seeking to complement and 
diversify their classes. The learning objects metadata workgroup defines learning 
objects as “any entity, digital or non-digital, that can be used, reused, or referenced 
during technology-supported learning” [47]. A learning object is any reusable digital 
resource that supports teaching [48], such as images, videos, software, and anima-
tions [49]. Based on these definitions, reusable educational games can also be under-
stood as LOs, as they serve educational purposes.

In order to retrieve and reuse LOs, they need to be stored and indexed with 
well-defined metadata. Metadata is the information used to structure and categorize 
LOs [50]. Learning objects can be found in various locations, including websites, 
portals, libraries, and repositories. Identifying these locations is not easy and has 
become a crucial aspect of the present research work. This has led to the development 
of a database that is now accessible virtually, following the steps described below.

Several metadata standards have been developed and applied worldwide, 
including the LOM (learning object metadata). The LOM was developed by the IEEE 
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in 2002, with its most recent update in 2020. This standard offers nine categories 
by which learning resources may be classified [47]. These categories comprise 
45 master fields, some of which are subdivided, totaling 68 fields. Another orga-
nization focused on advancing standards is the Dublin Core™ Metadata Initiative 
(DCMI), which developed Dublin Core (DC), a streamlined metadata standard widely 
used by the repositories of the top Brazilian universities. The DC is composed of  
15 elements [51].

The multi-methodological study conducted by the authors of this work led to 
the creation of serious game metadata (SGM), a metadata standard comprising 16 
fields: (1) Title, (2) Language, (3) Description, (4) Keywords, (5) Date, (6) Authorship, 
(7) Format, (8) URL, (9) Platform, (10) Type, (11) Target Audience, (12) Minimum Age, 
(13) Cost, (14) License, (15) Discipline, and (16) Competencies and Skills [52], [53], [54].

3	 METHODOLOGICAL PROCEDURES

This study is characterized as applied research. It utilizes both qualitative and 
quantitative approaches with the aim of prescribing solutions. The objectives 
are achieved through the collection of data from bibliographic and documentary  
research.

It is pragmatic research, which involves using knowledge to inform action, incor-
porating normative and synthetic thinking. The goal is to streamline the process of 
identifying and selecting games.

The research proposal involves developing and providing access to a database 
by identifying locations and extracting information related to educational games 
applicable to higher education, with a focus on PE courses.

To achieve this goal, the authors conducted a search in the Scopus and Web of 
Science databases using the search terms (repository OR portal OR metadata) and 
game in the titles of the papers. The terms were not applied to the abstracts or key-
words of papers to narrow down the search scope. Initial tests applying the search 
terms to these elements yielded approximately 1,200 documents in Scopus, with no 
relevant materials found within the first 100 items analyzed. Searches delimited by 
title returned 50 and 37 documents from the Scopus and Web of Science databases, 
respectively, totaling 87. The authors then used the following steps to evaluate the 
extracted articles:

1.	 Identification and exclusion of duplicate items in and between databases
2.	 Reading the title and excluding items that do not adhere to the scope of the research
3.	 Reading the abstract and excluding items that do not adhere to the scope of 

the research
4.	 Access and reading of the material in full, excluding non-adherent items

In the first stage, the authors identified and removed 31 duplicate items. Out of the 
remaining 56 items, 23 were discarded after title reading because they did not focus 
on identifying, detailing, or developing metadata, portals, or repositories for educa-
tional games. Subsequently, the authors read the abstracts of the remaining 33 items 
and discarded 19 publications. After thoroughly reading the remaining publica-
tions, the researchers discarded five more, leaving nine studies that align with the 
scope of the present work (approximately 10% of the original total). Subsequently, 
a complementary search was conducted in Portuguese on Google Scholar, using the 
terms (portal OR repositório) AND jogo AND (educacional OR educativo) to broaden 
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the results with a specific focus on the Brazilian context. This search returned more 
than 65,000 links, sorted according to Google’s standard for relevance. The first 
50 materials from the search were analyzed. Seven materials relevant to the present 
research were identified and included with the previously identified database mate-
rial, bringing the total to 16 publications.

These results indicate that the research could be funded, and environments that 
offer information about games relevant to higher education could be identified. The 
authors analyzed the available filters and the information fields used to describe 
the games listed at each location, extracting information about the games. A compi-
lation of this information allowed for the identification of the most significant field 
incidence between the environments, the analysis of the existing games, and the cre-
ation of a list of those that somewhat adhere to the PE courses. The final result was 
the development of a database focused on the teaching of production engineering.

4	 RESULTS

Based on the publications identified in the research, the authors were able to list 
34 locations (Appendix A) that provide information on games applicable to various 
areas of higher education. An individualized analysis of these websites was conducted 
to identify games relevant to the teaching of PE as well as to evaluate the functional-
ities presented by each in accordance with the requirements outlined by Bonetti [5].

REQ 1. Advanced search engine to search for LOs by specific attributes
REQ 2. The mechanism for managing the registration of LOs by the registered 

members themselves (adding, editing, and deleting games)
REQ 3. Detailed description of the games through the use of metadata, including 

aspects of teaching, execution, and classification of the games, among others
REQ 4. Rating mechanism to evaluate the quality of LOs by the registered mem-

bers themselves
REQ 5. A community of practice (CoP) to keep the repository always up-to-date
REQ 6. Access control mechanisms for users

4.1	 Catalog analyses

From the analyses, the present authors identified that:

1.	 In institutional repositories, there is a predominance of more straightforward 
searches composed of a few filters, such as Title, Author, Subject, and Date of 
Publication, although, in some cases, the “Type” filter is also included. Commercial 
websites typically offer a wider range of search fields and lists of terms, which 
facilitates information retrieval.

2.	 The locations listed exhibit different management methods. In some resources, 
game registration is conducted in a restricted and centralized manner (by a single 
individual or group) or in a shared way (with or without moderation).

3.	 Most of the locations studied had developed their own standards or adopted an 
international metadata standard to describe the games.

4.	 Commercial websites often enable users to rate registered games, a feature that 
is seldom found on informational and educational websites. This feature allows 
for game ranking and a more targeted selection.
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5.	 Some sites, such as BGA, BGG, and Ludopedia, use a CoP with user registration, a 
game search area, and forums. In these environments, users are encouraged to 
register for games, rate their experiences, and participate in discussions. Game 
FAQs do the same and even cover the cost of registration.

6.	 Some websites have user registration systems for management and mainte-
nance, along with organizers that mediate access and prevent redundancies. In 
some cases, access is free and does not require user registration. Some platforms 
also have registered users with varying levels of access.

The research by Bonetti et al. [5] resulted in implementing a robust repository 
in Java with a wide range of metadata. However, having discontinued the original 
proposal, given the difficulty in maintaining complex systems, a simpler model, JEEP 
(Jogos Educacionais para Engenharia de Produção—Educational Games for PE), was 
developed and tested.

4.2	 Educational games for production engineering: JEEP

Based on this work, the identified games are being cataloged and made available 
in JEEP, a database (DB) focused on games relevant to PE. The information is updated 
from a registration form created using Google Drive. All those interested can access 
it through the link: https://bit.ly/bancodedados_jeep. Before accessing the database, 
users are presented with an introductory spreadsheet (see Figure 1), which pro-
vides instructions for applying filters and links using basic guidelines and a tutorial 
(available in PDF and video formats). By such means, users can: (1) register requests 
for assistance in identifying games; (2) access a tutorial for handling the database; 
(3) register new games; and (4) evaluate the resource.

Fig. 1. Database starter spreadsheet

JEEP is composed of sixteen SGM elements (see Figure 2), three additional columns 
that indicate the origin of the information (date/time, email, and name of the person 
responsible for the registration), and a further three columns developed for future 
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functionalities and registration control (resource indication note, comments, and a 
link to the registration form). This additional information is only visible to admin-
istrators. JEEP allows users to filter all fields according to their needs and interests.

Fig. 2. JEEP database

5	 DISCUSSION

The layout of the information is plausible. All the information fields are accessi-
ble on a single screen, including the URL that directs the user to the game itself or to 
a supplementary information page. In this proposal, the database contains results 
from a game registration form. This allows every user to access the link provided in 
the initial spreadsheet and automatically register a game listed. Administrators can 
delete and edit the data, although these edits are only validated by database anal-
yses if they are derived from the initial form. Although external users are not able 
to make edits, they can suggest changes by using direct comments in the data area 
field. Users who have registered an item can keep the link provided in the email to 
make changes to the record. Every change is recorded in the database as a comment 
and remains accessible to administrators and users until it is reviewed.

The tool does not have a key field (identifier), which means that duplication of 
content is a possible drawback. However, these duplicates can be easily identified 
and deleted by administrators.

Currently, the database does not include a scoring feature. However, at the 
moment a game is registered, there is a question about the user’s intention to rec-
ommend it. The authors have assigned scores to some of the extracted and analyzed 
games, including those from Ludopedia and BGG [55], [56]. This field, however, is 
only visible to administrators. For the definition of scores calculated by averages, 
there is a need for data interaction with other forms, a functionality that still needs 
to be taught and developed. As an additional educational objective, the authors aim 
to create an evaluation tool akin to the one devised by El Borji and Khaldi [57], which 
assesses the quality of a game based on pedagogical, technical, and gameplay per-
spectives. This tool will require a well-established CoP, one that is very familiar with 
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the games registered in the database. To widely disseminate the database and define 
a potential CoP, the initial proposal is that the professors who participated in the 
research by Machado [52], [53], [54] should share their experiences and needs, regis-
ter games, and contact the administration. Survey participants were the first to have 
access to the resource, evaluate it, and actively participate in its regular updates.

Although research shows that access control is necessary to allow users to register, 
edit, sell their games, participate in forums, and access games, among other activities, 
the authors view the DB format as a weakness because it does not offer detailed lev-
els of access or user interaction. The authors consider this to be an interesting future 
development, allowing for an analysis of the usability of the proposed resource and 
the development of new tools and functionalities. It is possible to restrict access to the 
proposed DB, requiring interested parties to request permission from administrators. 
However, such an action runs counter to the objectives of expanding access to infor-
mation, as this practice could hinder the registration of individuals who prefer not to 
be identified or disclose personal information. Therefore, the database necessitates 
the registration of the names and email addresses of individuals who contribute new 
game information. In any case, the administration provides a direct communication 
channel that allows users to inquire about the database and submit suggestions.

The evaluation process of the proposed tool is crucial for verifying its effective-
ness. Thus, an evaluation based on the one proposed by Bonetti [5] has been made 
accessible. This tool presents standardized methods for analyzing the usefulness of 
the DB and utilizes strategies to prevent inattentive or random form filling by respon-
dents. However, there are still a significant number of respondents evaluating the 
tool. Until this moment, two professors have contacted the authors, requesting per-
mission to share the material with their colleagues. One professor has already con-
tacted the authors, thanking them for the material and suggesting a live stream. This 
channel could be the beginning of a community of practice.

6	 CONCLUSION

The main objective of this research was to develop a DB tool capable of assist-
ing in the identification of games suitable for teaching PE, aiming to enhance the 
teaching-learning process. To this end, the authors pursued the following specific 
objectives:

a)	 Identifying environments that promote the use of games in higher educa-
tion. The authors identified 34 environments but found that none of them offer 
a wide range of games focused on the PE course.

b)	 Analyzing the fields used in these environments to describe the games. 
Through analyses of fields and filters, the authors devised data extraction plans 
and created the JEEP. These analyses also facilitated the development of a meta-
data standard and adjustments to the data vocabulary.

c)	 Verifying and comparing the main desirable requirements from the exist-
ing locations allowed deeper analyses of improvement possibilities for the 
DB. Based on the results obtained so far, the authors have concluded that prioritiz-
ing the development of a more robust tool (based on design and programming) is 
not necessary at this time. The current focus needs to be on strengthening a com-
munity of practice to expand the project and further develop new functionalities.

Even so, the authors are eager to establish a more robust repository or transfer 
the acquired data to an educational institution repository that preferably utilizes the 
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DSpace platform. This would ensure interoperability among various Brazilian and 
international repositories. This is a subject for future research.

JEEP allows anyone with its link to: (a) access information about games rele-
vant to PE; (b) register new games; and (c) raise questions and provide suggestions. 
Currently, the biggest challenge for researchers is manually registering the games 
using the form. This step is necessary to compile and present the information auto-
matically through graphics. The same is true for edition validation, which is affected 
solely by editing the original registration form.

Regarding the research performance, it is essential to mention that (a) the man-
ual search for games is exhaustive and presents a smaller number of results than 
searches in spaces focused on games as a whole; (b) automated searches allow a 
greater variety of games but do not imply better quality elements; and (c) the exist-
ing institutional repositories could be better used if they were readjusted, mainly by 
inserting the “type” field in the searches.

The authors hope that, based on this research, new databases will be made avail-
able in different areas of knowledge. This will: (a) increase the use of games in the 
teaching-learning process; (b) make the process more effective; and (c) prepare bet-
ter professionals with greater vision, capable of leveraging new solutions and pro-
moting more significant educational development.

The authors conclude that the limitations of JEEP are acceptable for an initial 
model. This is because creating a similar database does not require knowledge about 
programming, hosting, and integrating databases, and it also allows for a smaller 
investment of financial resources.
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9	 APPENDIX

9.1	 Appendix A – List of identified catalogs

No. Name Link

1 APPS UNIVESP - REA https://apps.univesp.br/repositorio/catalogo/

2 BIZGAME https://bizgames.co/en/

3 Board Game Arena (BGA) https://pt.boardgamearena.com/

4 BoardGameGeek (BGG) https://boardgamegeek.com/

5 CESTA http://cesta2.cinted.ufrgs.br/xmlui/

6 ESD Games (SUTD) https://esd.sutd.edu.sg/about/esd-games/

7 FORAC https://www.forac.ulaval.ca/

8 Gamefaqs https://gamefaqs.gamespot.com/

9 How to Smile http://howtosmile.org/

10 IEEE Try Engineering https://tryengineering.org/students/games/

11 Itch.io https://itch.io/

12 La référence Serious Game https://www.serious-game.fr/

13 Lean Simulations https://www.leansimulations.org/

14 Livre Saber (LiSa) http://livresaber.sead.ufscar.br:8080/jspui/

15 Ludopedia https://www.ludopedia.com.br/

16 MERLOT https://merlot.org/merlot/

17 MIT Sloan School of Management https://mitsloan.mit.edu/

18 MobyGames: Game Browser https://www.mobygames.com/browse/games

19 OASIS https://oasis.geneseo.edu/

20 OER Commons https://www.oercommons.org/

21 Open Learn https://www.open.edu/openlearn/

22 Open Rehab Initiative (ORI) https://openrehab.org/

23 PHET Interactive Simulations https://phet.colorado.edu/

24 ProActive http://www.ub.edu/euelearning/

25 PROCOMUN https://procomun.intef.es/

26 Serious Game Classification http://serious.gameclassification.com/

27 Serious Game Information Center https://seriousgames-portal.org/

28 Short Sims https://www.shortsims.com/house

29 Tabletopia https://tabletopia.com/games

30 The Interactive Fiction Database https://ifdb.org/

31 The Serious Games Typology Project https://typology.seriousgames.online/

32 WISC-Online Arcade https://www.wisc-online.com/Arcade

33 WorldCat.org https://www.worldcat.org/pt

34 Zillions of games https://www.zillions-of-games.com/
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