
HAL Id: hal-04097308
https://hal.science/hal-04097308

Submitted on 15 May 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

IdeAM Running Quiz: A Digital Learning Game to
Enhance Additive Manufacturing Opportunities

Discovery
Léo Pham Van, Camille Jean, Vincent Meyrueis, Claude Gazo, Fabrice

Mantelet, Jérôme Gueguan, Stéphanie Buisine, Frédéric Segonds

To cite this version:
Léo Pham Van, Camille Jean, Vincent Meyrueis, Claude Gazo, Fabrice Mantelet, et al.. IdeAM
Running Quiz: A Digital Learning Game to Enhance Additive Manufacturing Opportunities Dis-
covery. International Journal of Emerging Technologies in Learning, 2022, 17 (10), pp.32-50.
�10.3991/ijet.v17i10.25695�. �hal-04097308�

https://hal.science/hal-04097308
https://hal.archives-ouvertes.fr


Paper—IdeAM Running Quiz: A Digital Learning Game to Enhance Additive Manufacturing… 

IdeAM Running Quiz: A Digital Learning Game to 

Enhance Additive Manufacturing Opportunities 

Discovery 

https://doi.org/10.3991/ijet.v17i10.25695 

Léo Pham Van1(), Camille Jean1, Vincent Meyrueis1, Claude Gazo1,  

Fabrice Mantelet1, Jérôme Guegan2, Stéphanie Buisine3, Frédéric Segonds1 
1 LCPI, Arts et Métiers Institute of Technology, HESAM Université, Paris, France 

2 LaPEA, Université de Paris, Université Gustave Eiffel, Boulogne-Billancourt, France  
3 LINEACT, CESI, Nanterre, France 
leo.pham_van@ensam.eu 

Abstract—This paper provides a description of IdeAM Running Quiz, 

a learning game aiming at enhancing Additive Manufacturing (AM) op-

portunities learning. Firstly, a review of the literature on the Design and 

Additive Manufacturing methodologies and the educational effective-

ness of learning games is presented. Then, the steps involved in the de-

sign of IdeAM Running Quiz game are introduced. IdeAM Running Quiz 

is a digital learning game inspired by arcade games. It is an infinite race 

where the player will have to choose the right path that will allow him to 

advance. It features examples of objects that can be made with AM as 

well as AM opportunities. For this research, we have conducted an ex-

periment aiming at evaluating the effectiveness of IdeAM Running Quiz 

on AM opportunities learning, and satisfaction provided by playing it. 

This experiment has shown that IdeAM Running Quiz helps player to 

understand additive manufacturing opportunities. The experiment has 

also shown that participants like to play IdeAM Running Quiz and would 

recommend it for someone who wants to discover AM opportunities. 

Keywords—additive manufacturing, learning, gamification, digital learning 

games 

1 Introduction 

To face the 4th industrial revolution, companies must adopt new innovative technol-

ogies that will allow them to remain competitive. Among these technologies, additive 

manufacturing is a process that can potentially allow companies to control costs, im-

prove quality and reduce the development time of their products during the upstream 

phases of design [1]. Additive manufacturing includes manufacturing processes that 

generate layers of material deposited and added on top of each other [2].  
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Additive Manufacturing processes impact the automotive, aerospace, and medical 

industries, and open new avenues in product design. This technology is different from 

traditional manufacturing processes. Thus, due to designers' lack of knowledge about 

AM, cognitive biases complicate the generation of innovative designs that consider AM 

opportunities [3]. To address this issue, specific design methods have been developed 

under the name of DwAM and DfAM (Design with / for Additive Manufacturing). 

These methods allow designers to innovate by taking additive manufacturing into ac-

count by integrating AM knowledge during the preliminary design phases [3]. Lang et 

al., have defined 14 capabilities of additive manufacturing that have been illustrated 

through 3D cubes to make these capabilities tangible [4]. In 2020, a Learning game 

(IdeAM ) using the cubes was designed to enhance creativity by learning with AM 

opportunities [5]. With the COVID 19 crisis, designers have faced the issue of remote 

work. Thus, a digital Learning game, playable remotely had to be developed.  

The objective of this paper is to present and to evaluate a new digital learning game 

build to strengthen additive manufacturing learning by playing with additive manufac-

turing opportunities. Section 2 focuses on a literature review on Design and Additive 

Manufacturing methodologies, as well as Learning and digital Learning games. Based 

on these findings, Section 3 introduces our research question. Section 4 and 5 describe 

the game creation and its prototyping. Section 6 provides the testing protocol adopted 

to assess the effectiveness of the digital learning game. Section 7 provides a presenta-

tion and discussion of the results. Finally, a conclusion ends this paper and provides 

recommendations and suggestions for future research.  

2 State of the art 

2.1 Design and additive manufacturing 

Thanks to advances in materials’ properties and computer-aided design systems, it 

has become possible to make functional parts for final-use applications with additive 

manufacturing. Additive manufacturing enhances creativity during the design process 

and enables fast product development and reduction in tooling costs. However, due to 

a lack of design support tools during early stages, designers fail to capitalize on the 

design freedom offered by additive manufacturing [6]. To address this issue, methods 

and tools are developed to facilitate the discovery of additive manufacturing to allow 

designers to fully use the opportunities offered by additive manufacturing.  

In this section, we will introduce three methodologies for design and Additive Man-

ufacturing: Design for and With Additive Manufacturing which are complementary 

methodologies for convergence and divergence design phases and Design by AM 

which is a global methodology based on DfAM and DwAM considering every phase 

of the product design.  

Design with/for additive manufacturing. To take advantage of additive manufac-

turing processes, it is necessary to identify their specific manufacturing capabilities as 

well as their manufacturing constraints [7]. In order to allow the specificities of additive 

manufacturing to be considered during the design stage, methods and tools have been 
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developed and grouped under the name of Design for Additive Manufacturing (DfAM). 

These methods and tools give access to additive manufacturing knowledge to designers 

in order to enable them to consider all the AM specificities [8]. 

Design with Additive Manufacturing is a methodology developed by Lavern et al. 

(2016) adapted from Design with X methodology [9]. It aims to provide designers with 

knowledge about Additive Manufacturing during the upstream design phases. The ob-

jective of this methodology is to inspire designers through innovation so the product 

they are developing will always include innovative aspects [10]. 

Figure 1 presents the inclusion of the DfAM and DwAM methodologies in the de-

sign process. DwAM allows, starting from a problem, to work on a divergence phase 

to generate a maximum of ideas inspired by AM. The DFAM allows to work on a con-

vergence phase to concretize these concepts and to propose innovative solutions. 

 

Fig. 1. DwAM and DfAM methodologies (Laverne et al., 2016) 

A DwAM methodology to classify AM capabilities has been developed, based on: 

• Gibson’s 4 complexities: Shape complexity, Hierarchical complexity, Functional 

complexity and Material complexity [1]  

• The TRIZ’s 40 principles of innovation  

Thus, based on Lang et al. [11] 14 capabilities of Additive Manufacturing have been 

identified and classified in relation to Gibson’s complexities. For each complexity, the 

capabilities are listed below: 

• Shape complexity: Geometric freedom, 3D Scan 

• Hierarchical complexity: Microstructure variation, Texture 

• Functional complexity: Monoblock, Topological optimization, Pre-assembled 

mechanism, Segmentation, Inclusion, Internal network, Internal structure, Auxetic 

structure 

• Material complexity: Material choice, Multi material 

These 14 capabilities have been modelized as manipulable cubes that aim to illus-

trate the AM capabilities [4]. Figure 2 represents an example of one of those cubes 

showcasing the topological optimization capability. Topological optimization enables 

finding the optimal way to distribute matter to reduce parts weight while keeping it 

mechanical properties. Parts manufactured using topological optimization often look 
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like the cube shown in Figure 2. Thus, by manipulating the cube, users can familiarize 

themselves with how a part manufactured with topological optimization looks like. 

 

Fig. 2. D Model for topological optimization capability 

We have created a set of images that can be associated with each of the cubes repre-

senting AM capabilities. The association of the images with the cubes will be used as 

a game mechanic in the learning game that we will present in the fourth section.  

Design by additive manufacturing. Design By Additive Manufacturing is a meth-

odology that promotes innovation by considering AM process from the early design 

stages. This model includes 5 steps: Knowledge Synthesis, Product Specification, Con-

cept Generation, Design & Evaluation and Control. According to Segonds (2018), “The 

Knowledge Synthesis phase aims to capitalize and then exploit the necessary 

knowledge related to the product and/or the AM process” [3]. This step includes 4 sub 

steps: Analyse the problem, Identify Knowledge, Search Knowledge, Share 

Knowledge. The goal of the learning game we are developing is to share the knowledge 

that has been synthesized and modeled through Lang’s 14 opportunities. Our work is 

therefore part of the Knowledge Synthesis phase of the DbAM methodology. 

2.2 Edutainment: Play and learn 

According to Egenfeldt-Nielsen et al., edutainment is an amalgamation of “educa-

tion” and “entertainment”. It is a broad term covering the combination of educational 

and entertainment use on a variety of media platforms [12]. 

Educational Games are games designed with educational target [13]. They can be 

intended for children, students or professionals. They take various forms such as card 

games, board games and video games [14]. They help motivate the player through ego 

gratification, adrenaline, social interaction and emotion and they allow players to get 

involved in a learning dynamic [15]. Learning games can help players to understand 

new content and overcome new challenges through mechanisms like achievement, peer 

interaction, and immersion. Through gameplay, difficult content becomes more acces-

sible to students, allowing them to engage with subjects that initially cause anxiety or 

are not attractive. Digital serious games allow players not only to learn but also to help 

them develop problem solving skills through their interactive aspect [16]. 

Video games are one of the most popular entertaining activities. 48% of Europeans 

have played video games [17]. It allows players to feel motivated, develop skills social 
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life [18]. Since the 80’s, researchers have been interested in learning through video 

games and many learning videos games have been developed and commercialized since 

then [19]. They are called “digital learning games” or “digital serious games”. These 

games are based on the idea that there are methodologies for learning: Observation, 

Questioning, Doing and Playing [20]. Learning on a medium using innovative technol-

ogies also serves to arouse the curiosity of the players and thus generate interest [21]. 

Researchers recognize that some issues remain regarding the use of video games for 

education. More particularly, the perception of video games influences the learning ex-

perience. Then, depending on how users are reluctant to video games, learning can be 

affected [12]. Also, it can be assumed that engagement and efficiency in learning 

through digital learning games depend on the game design [22]. However, according to 

Egenfeldt-Nielsen et al. learning outcome from the educational use of digital learning 

games are positive and promising. A study conducted by Levin et al. showed that 

“Video games are motivating, engaging, and ultimately successful in teaching children 

the planned math concepts. Video games may be especially suitable for teaching ways 

of approaching math that cater to individual differences.” [23]. 

Concerning the design of those games, according to Juric et al. [22], there are four 

mandatory features to implement when designing a game: 

• Goal – relates to the specific result that players aim to achieve. It provides players 

with a sense of purpose.  

• Rules – set up ways of accomplishing goals. Rules facilitate creativity and strategic 

thinking.  

• Feedback – informs players on their proximity to the goal. It can be implemented 

through scores, levels, or the level of progress. Real-time feedback serves as a prom-

ise that the goal is accomplishable and boosts motivation for playing.  

• Voluntary participation – players voluntarily accept goals, rules, and feedback. Start-

ing a game and quitting it in one’s own rhythm makes otherwise stressful and chal-

lenging activity perceived as pleasant and safe. 

Therefore, in this article we will present a work that is at the intersection of the fields 

studied in this state of the art. Thus, we will present the concept of a digital learning 

game for design and additive manufacturing. 

3 Research question and methodology 

This article will answer the following question: how can a digital Learning game 

enhance the discovery of opportunities in Additive Manufacturing? 

To answer this question, we have created a digital learning game and measured its 

effectiveness on player learning. To assess the effectiveness of the game, we used a 

self-assessment methodology based on the participants' perception of their AM oppor-

tunities knowledge. Each participant of the test will have to answer twice a question-

naire about their AM opportunities knowledge, before and after playing the game.  
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4 Game creation 

In order to design the Learning game, we used the Design Thinking approach, which 

involves five steps, Empathy, Define, Ideation, Prototype and Test [24], [25], [26]. 

 

Fig. 3. Design thinking approach (Clune et al., 2014) 

The term “Design Thinking” first appeared in 1987 in a book published by Rowe 

[25]. It is a design method that focuses on innovation and people. This method is very 

much linked to user experience because its objective is to develop a product with a 

design that solves the users' problems and corresponds to them [24]. With the Design 

Thinking methodology, design is not done randomly or according to ideas. It is made 

for the users and according to them.  

In this section, we will detail the methodology we used to design the Learning game 

based on the Design Thinking methodology. Following this methodology, we used 5 

steps that are listed below: 

• Empathy phase 

• Definition phase 

• Ideation phase 

• Prototyping phase 

• Test phase 

4.1 Empathy phase 

First, during the empathy step, we established the state of the art that we presented 

in the previous section to understand what was already done for digital Learning game 

for learning and to understand in which area we should focus on. Then, we made a 

benchmark of existing digital games to identify which type of game would be the most 

appropriate for the Learning game. For this benchmark, we tried 20 games that we se-

lected among top games from the AppStore and Google PlayStore. The games were 

tested during a session of 10 minutes by two engineering students, and a 55-year-old 

teacher. They had to evaluate the originality of the game based on three criteria: the fun 

they had playing the game, the number of interactions they had with the game and the 

original features of the gameplay. They also had to evaluate the suitability of the games 

for every age based on three criteria: the understandability of the game, the difficulty 
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of the scheme that needs to be integrated by the player and the timelessness of the game. 

For example, concerning the game “Chess”, for the originality, in average, participants 

gave 9/10 for the fun, 9/10 for the number of interactions they had with the game and 

9/10 for the original features of the gameplay. Thus, “Chess” has an average score of 

9/10 for the originality. For the suitability, the average scores are: 9/10 for the under-

standability, 8/10 for the difficulty of the scheme and 10/10 for the timelessness of the 

game. That gives “Chess” a suitability score of 9/10. 

We established, from the test we made, the graph in Figure 4, representing the dis-

tribution of the game according to their originality and suitability for every age scores. 

 

Fig. 4. Benchmark of digital smartphone games 

From this benchmark, we find that the games are divided into three different areas: 

games that are very original but not suitable for all ages, games that are very suitable 

for all ages but not original and finally games that are original and suitable for all ages.  

Given that the public we target with the Learning game is aged between 30 and 60 

and does not have strong familiarity with video games, we need to get inspired from 

games that are highly suitable for every age.  

To distribute the game as widely as possible, we design it to be playable on 

smartphones. Therefore, to get inspired, from the benchmark presented in Figure 4. We 

identified 4 categories of digital games on smartphone: games adapted from board 

games, games adapted from computer and console, arcade games and digital support 

for non-virtual games.  
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Fig. 5. Categories of digital smartphone games  

The first category presents games that are based on board games rules but playable 

on smartphones. Most of the time these games present features that cannot exist on 

physical board games such as online ranking, challenges, or tutorials.  

The second category is games adapted from computer or console games. The main 

difference between the app and the original game is the controller. When for console 

and computer, there is an external controller such as a gamepad or a keyboard, 

smartphone games are controlled directly from the screen. Thus, the mechanics of 

gameplay need to be reworked to fit with this kind of controller. Also, the size of the 

screen can have an impact on the game. 

The third category is arcade games. This category includes games that are played for 

a brief time, are very repetitive and do not contain a narrative element. The game me-

chanics are often quick to learn. These games contain a scoreboard that tells the player 

his score and the best score to beat to surpass himself.  

The last category includes games that are used as support for non-virtual games. 

These games can replace cards, game master or hourglass. It also can use technologies 

as augmented reality to mix real life and virtual world.  

According to Clark et al. (2011), when the user focuses too much on playing, the 

learning potential is greatly reduced. Thus, we have chosen to develop a game with 

simple mechanics that require the player to analyze information before acting. Based 

on the 4 categories that we have stated, the type of game the most adapted to our prob-

lem is Arcade Game [19].  

4.2 Definition phase 

Based on the previous decision to develop an Arcade Game, we created the specifi-

cation bills of the game. We have defined 10 functions that the game will have to sat-

isfy. These functions are related to the technical aspect of the game, the intellectual 

property, the gameplay, and the learning content.  

These 10 functions are listed below: 

 

iJET ‒ Vol. 17, No. 10, 2022 39



Paper—IdeAM Running Quiz: A Digital Learning Game to Enhance Additive Manufacturing… 

• The game must allow the participants to learn the opportunities and examples of 

AM.  

• The game must be playable on any smartphone or tablet 

• Users must be able to play the Learning game autonomously 

• The game must be replayable by the same player 

• The game must remain up to date with the technological advances in additive man-

ufacturing 

• The game must be protected from hackers 

• The game must respect patents, copyrights, and other regulations on data sharing 

• Players can compete with other players 

• Players can record their learning progress 

• The difficulty of the game must increase over time 

The definition of the need to which the digital learning game must respond has al-

lowed us to clearly identify the functions that we will have to think about when design-

ing it. This will allow us to focus our ideation phase on concepts that will meet our 

expectations. 

4.3 Ideation phase 

After defining the expectations of the learning game, we sought to generate game 

concepts that would meet them. For this, we used concept generation methods based on 

the principle of group creativity sessions. According Balakrishnan et al. (2021), “Cre-

ativity is a process of generating new, novel ideas that could solve problems or address 

issues” [24]. So, we organized a session to generate concepts. For that, we selected four 

engineers and one product designer who are interested in video games. One of the par-

ticipants had no interest in video games, so they have ideas less inspired by the existing. 

The session lasted three and a half hours. During this session, we used tools such as 

brainstorming, purge, inversion, constraint matrix and inspiring mood board. 

Figure 6 presents the creativity session proceedings. The first step of the session was 

a presentation of the subject, an explanation of the objective and a presentation of the 

board game that we are inspired by. The second step is an Ice Breaker, which has the 

purpose of making participants comfortable. Then, we did a brainstorming phase using 

purge methodology. The purge consists in making the participants express everything 

that goes through their mind concerning a subject (here the mobile games). The next 

step was also a brainstorming phase using the inversion methodology. This method 

allows participants to create the worst ideas so they can avoid them in the future step 

of design. Then, participants generated concepts of serious games and presented them 

to the other participants to improve each concept. Finally, the concepts were formalized 

into an idea sheet. 
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Fig. 6. Creativity session proceedings 

From this session we generated 9 concepts of learning games that could respond to 

the specification bills that we established. We then evaluated these concepts with the 

participants according to the following criteria: feasibility, respect of the specifications, 

adapted to all ages and originality. The concept that has been retained will be presented 

in the following section. We named it “IdeAM Running Quiz”. 

4.4 Prototyping and testing phases 

Unity3D is a free game engine developed by Unity Technologies company. Game 

engines are used to make games. It enables programmers to create 3D and 2D environ-

ments and to create scripts that make elements of the game interact with each other and 

with the player [27]. Unity3D game engine is one of the most used programs today 
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[28]. It enables developers to create game supported by PC, MAC, Linux, Android, 

iOS, XBOX 360 and PS3. Unit3D offers the possibility to code in JavaScript, C # and 

Boo languages.  

For our project, we are using C# as the working environment. The 3D items used for 

the environment are provided in the Unity Library and we import the 14 opportunity 

cubes as .obj 3D object. 

Our game takes place in several scenes, each of the scenes being linked together by 

scripts that are triggered when the player interacts with the game. 

Once the prototype has been made, we conducted an experiment to evaluate the ef-

fectiveness of the game. The platform used to test the game was a smartphone. The 

experiment protocol and the results are respectively presented in part 6 and 7. 

5 Description of IdeAM Running Quiz 

IdeAM Running Quiz is a smartphone application with two aspects. The players can 

review the opportunities of additive manufacturing through cards in the "review oppor-

tunities" section. They will then be able to test their knowledge in the "play" section 

that we will describe in the following. The interface of IdeAM Running Quiz is pre-

sented in Figure 7. 

 

Fig. 7. IdeAM Running Quiz interface 

In IdeAM Running Quiz, the player will play a character that has to run onto an 

endless track and will have to choose the good path among three paths. The three paths 

correspond to three AM opportunities represented by different cubes. Every time play-

ers will have to make a choice; they will see at the top of their screen an object that 

corresponds to something that can be done using a specific AM opportunity. Thus, the 

player will have to choose the path that corresponds to the opportunity that matches 

with the example on the top of the screen. When the players fail to choose the good 

path, an explanation will be provided to help them to understand their mistake. This 
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explanation takes the form of a card containing the following information: the answer 

that should have been chosen and an example corresponding to the answer chosen by 

the player.  

Figures 8 and 9 show respectively the Unity environment where we developed the 

game and an in-game example of match between a cube and an example. A possible 

scenario of game play is presented in Figure 10. 

 

Fig. 8. Prototyping of IdeAM Running Quiz on Unity 

 

Fig. 9. Example of correspondence between example card and opportunity cube 

   

Fig. 10.  Scenario of gameplay 
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In the scenario presented in Figure 10, players must choose a path for the first ex-

ample that is shown. Here, they choose the center way which is the right way. Thus, 

the score increases, and another example is presented. The players choose the center 

way again, which is not the right way. Thus, the score decreases, and another example 

is presented. The game will go on since the player has experimented every possible 

example. 

We chose to use Science Fiction graphical identity. Using this type of universe 

within a corporate project has several advantages such as encouraging divergent think-

ing and allowing the player to create his own universe which will help the memorizing. 

After prototyping the game, we test it as described by the protocol presented in Section 

6. 

6 Testing protocol 

In order to test the game, we use the following protocol presented in Figure 9. 

As presented in Figure 11, participants complete a questionnaire on AM a first time 

to assess their initial knowledge of AM. Then, they play IdeAM Running Quiz on a 

smartphone. They can take the time they need to play and review the AM opportunities. 

Finally, they complete a second time the questionnaire to assess the evolution of their 

knowledge of AM. In the second questionnaire, participants also answer questions 

about their feelings about the game. 

 

 

Fig. 11. Testing protocol with questionnaire about AM knowledge and questionnaire about par-

ticipant’s feeling 

We asked participants, before and after they play the game, five questions about their 

perceptions of the four complexities of AM (Geometric (GC), Hierarchical (HC), Ma-

terial (HC) and Functional (FC)) using the following Likert scale: zero : Totally disa-

gree, one: Disagree, two: Somewhat disagree, three: Somewhat agree, four: agree, five: 

Totally agree (Table 1).  

 

 

 

 

Before playing 
Questionnaire 

Game session 
After playing 
Questionnaire 
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Table 1.  Evaluation grid for knowledge about AM related to GC 

Geometrical complexity (GC) 
Totally 

disagree 
Disagree 

Somewhat 

disagree 

Somewhat 

agree 
Agree 

Totally 

agree 

Q1- I feel able to explain the opportunities of 

AM under the GC to someone else 
      

Q2 - I feel able to give examples of objects 

that take advantage of AM opportunities that 
are relevant to GC 

      

Q3 - I feel capable of proposing ideas of in-
novative object exploiting the opportunities 

of the AM relevant to GC 

      

Q4 - I feel able to recognize objects exploit-

ing the AM opportunities related to GC 
      

Q5 - I think I have mastered the AM opportu-

nities related to CG 
      

 

After participants play the game, we also evaluate their feelings to know if they took 

pleasure and were entertained while playing (Table 2). 

Table 2.  Evaluation grid for participant's feeling 

Feelings about the game 
Totally 

disagree 
Disagree 

Somewhat 

disagree 

Somewhat 

agree 
Agree 

Totally 

agree 

I enjoyed playing IdeAM Running Quiz       

I want to play IdeAM Running Quiz again        

I think that the IdeAM Running Quiz is an 
appropriate medium to disseminate informa-

tion about the opportunities of Additive Ma-

nufacturing 

      

I would recommend IdeAM Running Quiz 
to someone who wants to discover the op-

portunities of Additive Manufacturing 

      

 

Through this methodology, we will evaluate the evolution of the perception of the 

participants regarding the game and their knowledge about AM opportunities after 

playing IdeAM Running Quiz. 

7 Results 

To evaluate the effectiveness of IdeAM Running Quiz, we conducted an experiment 

on 11 participants. The panel of participants consisted of two young professionals, one 

design student, six engineering students and two retired people. Participants were aged 

between 23 and 67 years old. 

Each participant answers the questions with the Likert scale described in the previ-

ous section (0 to 5 point). Thus, we can measure the evolution of the participants' per-

ception of their knowledge.  
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7.1 Evaluation of the effectiveness of IdeAM Running Quiz on participants’ 

knowledge 

Figure 12 presents the results of evaluation grid for knowledge about AM related to 

the four complexities of AM: Geometric (GC), Hierarchical (HC), Material (MC) and 

Functional (FC).  

 

Fig. 12. Evolution of participants perception for each complexity 

Results presented in Figure 12 highlight that IdeAM Running Quiz is more efficient 

for functional complexity and hierarchic complexity. Indeed, before playing the game, 

the average score of participants’ perceptions of their knowledge about the functional 

complexity was 0.9/5 while this score reached 2.5/5 after playing the game. For the 

hierarchic complexity, the average score of participants’ perceptions of their knowledge 

went from 1.4/5 to 2.9/5. The efficiency of the game is very satisfactory for these two 

complexities, although the knowledge learned by the participants during the game does 

not allow them to reach a total ease towards these complexities.  

Although the evolution of the participants' perception of geometric complexity and 

material complexity is lower than for the two previous ones, it remains satisfactory. 

Moreover, the overall understanding of these two complexities is better than for the two 

previous ones at the end of the game session. Indeed, the average score of participants’ 

perceptions of their knowledge reach 3/5 for these two complexities. 
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7.2 Evaluation of participants’ feelings 

Figure 13 shows the evolution of participants felling about their knowledge before 

and after playing IdeAM Running Quiz. 

 

Fig. 13.  Average participant feeling about the game 

We can see that in average, participants enjoyed playing IdeAM Running Quiz and 

would play it again. Even if entertainment is not the main purpose of a learning game, 

players should have fun while playing. Thus, our first test phase shows us satisfactory 

results when it comes to the pleasure of the players playing. Indeed, in average, partic-

ipants agree with the idea of playing IdeAM Running Quiz again, they also agree with 

the fact that they enjoyed playing IdeAM Running Quiz. Finally, participants agree 

with the idea that IdeAM Running Quiz is an appropriate medium to disseminate infor-

mation about the AM opportunities.  

8 Conclusion and perspectives 

After presenting a review of literature about Design and Additive Manufacturing and 

Digital Learning game, the article describes the steps involved in creating IdeAM Run-

ning Quiz: a learning game for additive creativity, as well as method for evaluating the 

game for improvement during its design. A first test phase has been done to evaluate 

the effectiveness of the game on immediate learning of the Additive Manufacturing 

opportunities and to evaluate how much participant like to play IdeAM Running Quiz. 

The test conducted shows encouraging results as the participants’ perceptions of their 

knowledge about AM opportunities have significantly grown for every complexity of 
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additive manufacturing. Moreover, participants of the experiment all agree that IdeAM 

Running Quiz is fun to play and that it is appropriate for AM knowledge dissemination. 

Further work will focus on the implementation of ranking and multiplayer system in 

IdeAM Running Quiz to add motivational aspect in the game. As the learning game is 

intended to be used in an industrial environment by professionals in the 30-60 age 

group, it will be necessary to reiterate the tests to evaluate the potential learning differ-

ences according to the age of the users. The influence of playing the game several times 

with different scenarios should also be tested. When these tasks will be done, we plan 

to upload IdeAM Running Quiz on mobile application platforms. We believe it will 

help professionals to enhance the discovery of opportunities in Additive Manufacturing 

to optimize their product design. 

Finally, further work could focus on the use of other types of objects, such as digital 

objects, videos, or other physical objects, in serious games for learning in Additive 

Manufacturing.  

9 Acknowledgments 

This research was carried out as part of project CREAM (CREativity in Additive 

Manufacturing), funded by the National Research Agency (Project ANR-18-CE10-

0010) in France. 

10 References 

[1] I. Gibson, D. Rosen, and B. Stucker, Additive Manufacturing Technologies, Springer. 2015. 

https://doi.org/10.1007/978-1-4939-2113-3  

[2] S. Li, Y. Xin, Y. Yu, and Y. Wang, “Design for additive manufacturing: A force-flow 

perspective,” Mater. Des., vol. 204, p. 109664, 2021, doi: 10.1016/j.matdes.2021.109664. 

[3] F. Segonds, “Design By Additive Manufacturing: an application in aeronautics and 

defence,” Virtual Phys. Prototyp., vol. 13, no. 4, pp. 237–245, 2018. https://doi.org/10.1016/ 

j.matdes.2021.109664  

[4] A. Lang et al., “Augmented Design with Additive Manufacturing Methodology: Tangible 

Object-Based Method to Enhance Creativity in Design for Additive Manufacturing,” 3D 

Print. Addit. Manuf., 2021. https://doi.org/10.1089/3dp.2020.0286 

[5] E. Conil, C. Jean, F. Mantelet, and F. Segonds, “Strengthen design creativity by playing with 

additive manufacturing opportunities : proposition of a new serious game.” 

[6] S. Bin Maidin, I. Campbell, and E. Pei, “Development of a design feature database to support 

design for additive manufacturing,” Assem. Autom., vol. 32, no. 3, pp. 235–244, 2012. 

https://doi.org/10.1108/01445151211244375 

[7] B. Vayre, F. Vignat, and F. Villeneuve, “Designing for additive manufacturing,” Procedia 

CIRP, vol. 3, no. 1, pp. 632–637, 2012. https://doi.org/10.1016/j.procir.2012.07.108 

[8] J. Gross, K. Park, and G. E. Okudan Kremer, “Design for additive manufacturing inspired 

by TRIZ,” Proc. ASME Des. Eng. Tech. Conf., vol. 4, no. August 2018, 2018. https://doi.org/ 

10.1115/DETC2018-85761 

[9] L. Floriane, S. Frédéric, D. A. Gianluca, and L. C. Marc, “Enriching design with X through 

tailored additive manufacturing knowledge: a methodological proposal,” Int. J. Interact. 

Des. Manuf., vol. 11, no. 2, pp. 279–288, 2017. https://doi.org/10.1007/s12008-016-0314-7 

48 http://www.i-jet.org

https://doi.org/10.1007/978-1-4939-2113-3
https://doi.org/10.1016/j.matdes.2021.109664
https://doi.org/10.1016/j.matdes.2021.109664
https://doi.org/10.1089/3dp.2020.0286
https://doi.org/10.1108/01445151211244375
https://doi.org/10.1016/j.procir.2012.07.108
https://doi.org/10.1115/DETC2018-85761
https://doi.org/10.1115/DETC2018-85761
https://doi.org/10.1007/s12008-016-0314-7


Paper—IdeAM Running Quiz: A Digital Learning Game to Enhance Additive Manufacturing… 

[10] L. H. Langeveld, “Design with x is new in product design education,” 9th Int. Des. Conf. 

Des. 2006, pp. 1179–1186, 2006. 

[11] A. Lang et al., “A proposal for a Methodology of Technical Creativity Mixing TRIZ and 

Additive Manufacturing,” Int. TRIZ Futur. Conf. 

[12] S. Egenfeldt-Nielsen, “Overview of research on the educational use of video games,” Nord. 

J. Digit. Lit., vol. 1, no. 03, pp. 184–214, 2006. https://doi.org/10.18261/ISSN1891-943X-

2006-03-03 

[13] Y. N. Abu Mukh, S. A. Hashaikeh, and A. M. Abd-Rabo, “Digital Learning Games Scale 

(DLGS): A Scale Development Study,” Int. J. Emerg. Technol. Learn., vol. 16, no. 11, p. 

140, 2021. https://doi.org/10.3991/ijet.v16i11.20709 

[14] Cortes Sobrino, A., M. Bertrand, E. Di Domenico, C. Jean, and N. Maranzana, “Educational 

Games for Design and Innovation: Proposition of a New Taxonomy To Identify Perspectives 

of Development,” DS 87-9 Proc. 21st Int. Conf. Eng. Des. (ICED 17), vol. 9(DS87-9), no. 

August, pp. 209–215, 2017, [Online]. Available: www.designsociety.org 

[15] C. Libe, A. Grenouillat, J. Lagoutte, C. Jean, and N. Maranzana, “Creativity and innovation 

for children: Presentation and first experiment of new (serious) game,” no. September, 2020. 

https://doi.org/10.35199/EPDE.2020.40 

[16] S. I. Malik, M. Al-Emran, R. Mathew, R. M. Tawafak, and G. AlFarsi, “Comparison of E-

learning, M-learning and game-based learning in programming education,” Int. J. Emerg. 

Technol. Learn., vol. 15, no. 15, pp. 133–146, 2020. https://doi.org/10.3991/ijet.v15i15.145 

03 

[17] Entertainment Software Association, “2017 Essential Facts About the Computer and 

Videogame Industry,” pp. 1–20, 2017, [Online]. Available: http://www.theesa.com/facts/ 

[18] T. R. Finserås et al., “Near Miss in a Video Game: an Experimental Study,” pp. 418–428, 

2019. https://doi.org/10.1007/s11469-019-00070-9 

[19] R. Colvin Clark and R. Mayer, e‐Learning and the Science of Instruction: Proven Guidelines 

for Consumers and Designers of Multimedia Learning, Third Edition. 2011. https://doi.org/ 

10.1002/9781118255971 

[20] A. Chotia, “Learning in a digital world,” 2020. 

[21] H. Uzunboylu, E. G. Galimova, R. A. Kurbanov, A. M. Belyalova, N. Deberdeeva, and M. 

Timofeeva, “The Views of the Teacher Candidates on the Use of Kahoot as A Gaming 

Tool,” Int. J. Emerg. Technol. Learn., vol. 15, no. 23, pp. 158–168, 2020. https://doi.org/10. 

3991/ijet.v15i23.18811 

[22] P. Juric, M. B. Bakaric, and M. Matetic, “Motivational Elements in Computer Games for 

Learning Mathematics,” Int. J. Emerg. Technol. Learn., vol. 16, no. 10, pp. 275–287, 2021. 

https://doi.org/10.3991/ijet.v16i10.20417 

[23] J. Levin, “Estimation Techniques for Arithmetic : Everyday Math and Mathematics 

Instruction,” vol. 12, no. 4, pp. 421–434, 1981. https://doi.org/10.1007/BF00308140 

[24] B. Balakrishnan, “Exploring the impact of design thinking tool among design 

undergraduates: a study on creative skills and motivation to think creatively,” Int. J. Technol. 

Des. Educ., no. 0123456789, 2021. https://doi.org/10.1007/s10798-021-09652-y 

[25] K. Dorst, “The core of ‘design thinking’ and its application,” Des. Stud., vol. 32, no. 6, pp. 

521–532, 2011. https://doi.org/10.1016/j.destud.2011.07.006 

[26] S. J. Clune and S. Lockrey, “Developing environmental sustainability strategies, the Double 

Diamond method of LCA and design thinking: A case study from aged care,” J. Clean. 

Prod., vol. 85, pp. 67–82, 2014. https://doi.org/10.1016/j.jclepro.2014.02.003 

[27] G. Boyraz and P. Kirci, “Constructing A 3d Game With Unity 3d Game Engine 1,” pp. 3–

6. 

[28] Z. Lv, A. Tek, F. Da Silva, C. Empereur-mot, M. Chavent, and M. Baaden, “Game On, 

Science - How Video Game Technology May Help Biologists Tackle Visualization 

Challenges,” PLoS One, vol. 8, no. 3, 2013. https://doi.org/10.1371/journal.pone.0057990 

iJET ‒ Vol. 17, No. 10, 2022 49

https://doi.org/10.18261/ISSN1891-943X-2006-03-03
https://doi.org/10.18261/ISSN1891-943X-2006-03-03
https://doi.org/10.3991/ijet.v16i11.20709
www.designsociety.org
https://doi.org/10.35199/EPDE.2020.40
https://doi.org/10.3991/ijet.v15i15.14503
https://doi.org/10.3991/ijet.v15i15.14503
http://www.theesa.com/facts/
https://doi.org/10.1007/s11469-019-00070-9
https://doi.org/10.1002/9781118255971
https://doi.org/10.1002/9781118255971
https://doi.org/10.3991/ijet.v15i23.18811
https://doi.org/10.3991/ijet.v15i23.18811
https://doi.org/10.3991/ijet.v16i10.20417
https://doi.org/10.1007/BF00308140
https://doi.org/10.1007/s10798-021-09652-y
https://doi.org/10.1016/j.destud.2011.07.006
https://doi.org/10.1016/j.jclepro.2014.02.003
https://doi.org/10.1371/journal.pone.0057990


Paper—IdeAM Running Quiz: A Digital Learning Game to Enhance Additive Manufacturing… 

11 Authors 

Léo Pham Van is a Graduate Student in Industrial Engineering at the Gerogia Insti-

tute of Technology. He was a Research Master Student at the Product Design and In-

novation Laboratory at Arts et Métiers, Institute of Technology during the 2020-2021 

academic year.  

Camille Jean is Assistant Professor of Mechanical Engineering at Arts et Métiers, 

Institute of Technology, France and member of the Product Design and Innovation La-

boratory (LCPI). His areas of research focus on innovation management, complex sys-

tems design and the development of creativity and decision support tools to support 

designers in the early stages of design. 

Vincent Meyrueis is Assistant Professor of Mechanical Engineering at Arts et Mé-

tiers, Institute of Technology, France and member of the Product Design and Innova-

tion Laboratory (LCPI). His areas of research focus on digital, virtual and augmented 

reality tools applied to the early phases of the design process. 

Claude Gazo is Associate Professor of Mechanical Engineering at Arts et Métiers, 

Institute of Technology, France and member of the Product Design and Innovation La-

boratory (LCPI). His work focuses on the construction and implementation of method-

ological approaches based on TRIZ theory. 

Fabrice Mantelet is Assistant Professor of Mechanical Engineering at Arts et 

Metiers, Institute of Technology, France and member of the Product Design and Inno-

vation Laboratory (LCPI). His research interests focus on the optimization of the inno-

vation and creativity processes applied to the early phases of the design process. 

Jérôme Guegan is Associate Professor in social psychology at Université de Paris, 

France. His research focuses on creativity and group processes in computer-mediated 

communication. He studied in particular the influence of avatars and virtual environ-

ments on creativity and sociocognitive processes. 

Stéphanie Buisine is Research Director in CESI Graduate School of Engineering 

and leads the team dedicated to Innovation research in LINEACT CESI. With a back-

ground in Psychology and Ergonomics, her research interests mainly address innova-

tion organization, strategies and methods, with a particular focus on technology-sup-

ported creativity. 

Frédéric Segonds is Associate Professor at Arts et Métiers Institute of Technology 

and member of Product Design and Innovation Laboratory (LCPI). His research inter-

ests focus on methodologies to foster creativity through Additive Manufacturing. This 

area includes Design For/With Additive Manufacturing (DFAM/DWAM) methodolo-

gies, and tools to support early product design. He is also the Scientific Director of the 

CREativity in Additive Manufacturing (CREAM) project (ANR-18-CE10-0010). 

Article submitted 2021-07-23. Resubmitted 2021-11-07. Final acceptance 2021-11-08. Final version pub-

lished as submitted by the authors. 

50 http://www.i-jet.org


