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Abstract 

 

3D Modeling Tool Selection 

For Research-based Educational Games: An Experience 

 

 

Yajun Qiu, B.A.; M.A. 

The University of Texas at Austin, 2016 

 

Supervisor:  Min Liu 

 

 

Nowadays, serious games are gaining wide recognition, and many studies have 

been conducted regarding their implementation. However, the value of serious games in 

education and research is still subject to debate. Serious game designers might have 

difficulty selecting appropriate tools for 3D game development since most 3D modeling 

tools and game engines are designed for developing commercial games. This report 

highlights the value of research-based educational games and suggests an Education 

Modeling Tool Framework for 3D modeling tools and game engine selection. The author 

modifies Petridis and De Freitas’s (2012) framework for serious game engine selection to 

meet the specialized needs of research-based educational games. The unique features 

identified are high compatibility with game engines, moderate visual fidelity, smooth 

learning curve, ample documentation and support, and low cost. Then, the report 

discusses the actual use of the Education Modeling Tool Framework for the development 
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of a research-based educational game Alien Rescue. The framework was applied in 

selecting 3D modeling tools as well as game engines for Alien Rescue development. 

Finally, the conclusion includes suggestions for possible applications and utility of the 

Education Modeling Tool Framework in other research-based educational game projects. 
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Chapter 1: Introduction 

Widespread use of personal computers and the Internet contributes to a growing 

interest in extending the use of games and simulations into educational practices. 

Research is needed to discover and develop strategies for game-based learning in schools. 

For instance, some educational games, known as “serious games”, attempt to use an 

immersive virtual environment to teach subjects such as middle-school science.  

Using games in education is gaining acceptance but is still not widespread. One 

reason is that developing an effective immersive virtual educational game is a 

complicated process that requires a profound knowledge of adapting games to a learning 

context. An erroneous approach to designing game and instructional elements ultimately 

will lead to undesired learning outcomes, with the game being either less playable or less 

instructional. Therefore, it is necessary to conduct research on games played not only for 

amusement, but also for instruction—the serious games. Although educational games and 

research games are deemed to be serious games, they do not draw equal attention in terms 

of research as other types of serious games (e.g., training games), since they are less 

profitable. 

Moreover, there are few development tools (e.g., game engines and 3D modeling 

tools) designed specifically for education. Game development tools are primarily 

designed for commercial games instead of serious games. As a result, commercial game 

engines and 3D modeling tools are not tailored to suit the specialized needs of 

educational games. De Freitas and Jarvis (2006, 2012) have documented the standards and 

frameworks for game engine selection for serious games development. Yet, 3D modeling 

tool selection for research-based educational games is seldom discussed either due to its 

comparatively small scope for application or undefined standards. Research-based 
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educational game development projects are usually conducted in academic institutions 

such as universities and research centers. Their products and reports are accessible only to 

a specific group of people in the educational research field. In addition, as researchers are 

accustomed to working individually, there are few rules shared among 3D research-based 

educational games developers. However, 3D modeling tool and game engine selection are 

still worthy of research since they are integral to understanding the technical basis for 

game-based learning research at schools. 

The purpose of this report is to adapt a framework for 3D modeling tool selection for 

research-based educational games. Research questions are:  

1) How should one select a 3D modeling tool for educational games?  

2) What aspects need to be considered when adapting a framework for 3D game 

engine selection for serious games to that for research-based educational games?  

3) How can the Educational Modeling Tool Framework be effectively utilized in a 

research-based educational game development project?  

In this report, the author attempts to map the features for game engine selection for 

serious games to 3D modeling tool selection for research-based educational games, based 

on the assumptions that educational games are serious games, and game engine and 3D 

modeling tools share similar technical features. Chapter 2 is devoted to describing the 

adoption process in a detailed way. Adjustments are made to the original framework 

(Sawyer, & Rejeski’s, 2002) based on the requirements of research-based educational 

games. In practice, the new framework, Educational Modeling Tool Framework, was 

applied to Alien Rescue game tool selection. The author, as a senior member in the Alien 

Rescue research team, followed four steps of implementation. Further discussion will be 

provided in Chapter 3. Finally, Chapter 4 offers some suggestions for utilizing 

Educational Modeling Tool Framework for 3D modeling tool selection.  
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Chapter 2: Literature Review 

2.1 Serious Games 

Malone (1980, 1987) was one of the earliest researchers to claim the use of video 

games as an ideal medium to instruct people. Since that time, researchers have been 

investigating the possibility of using computer games for serious purposes, specifically, 

training and instruction. Serious games were introduced long before the concept of 

game-based learning. Clark Abt (1987) coined the first definition of serious games:  

“Games may be played seriously or casually. We are concerned with serious games 

in the sense that these games have an explicit and carefully thought‐out educational 

purpose and are not intended to be played primarily for amusement. This does not 

mean that serious games are not, or should not be, entertaining” (p. 9).  

Serious games thus refer to any game played for serious purposes. With the development 

of the computer games, Sawyer and Rejeski’s (2002) definition of serious games caught 

widespread attention. In their words, serious games are “any meaningful use of 

computerized game/game industry resources whose chief mission is not entertainment” 

(sect. 12). Zyda (2005) expanded this concept of serious games by calling it “a mental 

contest, played with a computer in accordance with specific rules, that uses entertainment 

to further government or corporate training, education, health, public policy, and strategic 

communication objectives” (p. 26). Emphasis is placed on the pedagogical function in 

that they are designed to facilitate an educational activity such as knowledge transference 

or skill training. 
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2.2 Educational Games and Serious Games 

Although educators appear to agree on the general definition of serious games, the 

domain boundaries of the Serious Game field are still subject to debate. As Corti (2007) 

stated, “Serious Games merge participants from a wide range of fields such as Education, 

Defense, Advertising, Politics, etc. although there is no consensus on what are actually 

included in the Serious Games industry.” To understand the relationship between 

educational games and serious games, we need to look into serious games and their 

subdivisions. 

Ben Sawyer plays a leading role in the field of serious games and is acknowledged as 

a forerunner in the game-based learning community. He put forward Serious Game 

Taxonomy (2008), which subdivides serious games into seven genres based on their 

intended purpose (i.e., health, advegames, training, education, science and research, 

production, work), while each genre is given seven sectors according to its scope of 

application (i.e., government and NGO, defense, healthcare, marketing and 

communications, education, corporate, industry) (See Table 1). The two-dimensional table 

provides a better understanding of serious games using precise categorization. Therefore, 

people are able to define and evaluate serious games systematically. According to 

Sawyer’s Serious Game Taxonomy, Research-based Educational Games stay in the 

cross-section of Education (Market), Games for Education and Games for Science and 

Research (Purpose). Obviously, Research-based Educational Games are serious games 

and take learning processes as the main topic. 

It is noted that although educational games are serious games, the two differ in purpose 

and target audience. First, compared to serious games, an educational game has a narrow 

focus. It is designed for teaching grade-school concepts. Educational games are
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Table 1.  

Ben Sawyer’s Serious Games Taxonomy 

 

 

Note. Retrieved from Serious Games Summit at the Game Developers Conference. Copyright 2008 by Game Developers 

Conference. 
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rule-based and some of them are guided by Common Core State Standards (Porter, 2011). 

Kiili (2005) emphasized that educational games should support creativity and involve 

critical thinking as well as facilitate students’ learning experiences. Rabin (2010) also 

differentiated the two game types by stating “educational games are designed to teach 

grade-school concepts to children and young adults in an entertaining manner, while 

serious games in general attempt to teach real-world events or process to adults” (p. 35). 

Thus, educational games and serious games differ in their application purposes. 

Furthermore, educational games are usually applied at a school or distributed through a 

standard curriculum. 

Second, research-based educational games’ target audiences are children and 

teenagers, specifically K-12 students at schools, while serious games have a wide range of 

target audiences such as trainees in companies, soldiers, staffs in government and NGOs, 

etc. Therefore, the two game types differ in target audiences. Because game-based learning 

can be fun and effective, instructors use educational games to assist learners in the 

acquisition of knowledge with curricular goals. In addition, game designs geared toward 

research specify another target audience group -- researchers and educational game 

developers. In practice, researchers experiment with pedagogical hypotheses in game 

development and use data for game evaluation and improvement. Further discussions on 

research-based educational game are provided in the following section. 

2.3 Research-based Educational Games 

Research-based educational games refer to games used both for education and 

research. They aim to instruct users and deliver knowledge while collecting data for 

educational research. In turn, research leads to a better understanding of users’ gameplay 

behavior and makes room for game improvement. Unlike other types of serious games, 
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research-based educational games focus more on heuristic and contextual learning than 

plain skill training or habit-forming knowledge. Exploratory learning is highly expected 

and valued in an educational game. For those developers, research-based educational 

games at school are also used as a platform to practice different skills. For example, 

graduate students may experiment with hypotheses geared toward game design and 

development. In the game development process, both research skills and technical skills 

are practiced and enhanced. 

In summary, research-based educational games belong to the serious games category; 

however, to imply that all serious games have educational content is to overgeneralize 

these concepts. Serious game designers use people’s interest in video games to capture 

their attention for a variety of purposes that go beyond pure entertainment. There are many 

ways to add game elements so as to attract players. A 3D immersive environment is proven 

to be an effective way to implement game-based learning and is widely used in 

research-based game development projects. 

2.4 3D Immersive Environment for Educational Games 

Both educational games and serious games rely on immersive environments for 

game-based learning. According to Garris (2002), the challenge is that when we adapt 

games for serious purposes, we should pay attention to the tension between the world of 

play and the world of work. We have to sustain self-directed interest, without taking out 

what is enjoyable about games. Ulicsak (2010) stressed that “Serious games need to be 

engaging, although not necessarily fun while the learning can be implicit or explicit” (p. 

5). Therefore, serious game designers should make efforts to add fun to educational 

games, by immersive, motivating and engaging design. 

A typical way to engage users in a serious game is through a 3D immersive 
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environment setting. Charsky (2010) highlighted the value of a 3D environment for 

education, that “the three-dimensional, evolving game space may allow learners to learn 

higher order thinking skills by encountering, observing, exploring, inquiring, 

investigating, participating, and solving problems. In these expansive game spaces, the 

game’s goals, choices, and challenges require and encourage the gamer to explore and 

discover” (p. 192). There is an increasing motivation to create serious games that intend 

to support situative and experiential pedagogies (Petridis et al., 2012, p. 3). Dalgarno and 

Lee (2010) provided a list of learning affordances of 3-D virtual environments. They are 

“the facilitation of tasks that lead to enhanced spatial knowledge representation”, “greater 

opportunities for experiential learning,” “increased motivation/engagement”, and 

“improved contextualisation of learning and richer/more effective collaborative learning” 

(p. 10). A well-designed 3D educational game is able to provide users with positive 

learning experience by successfully embodying the four affordances. Liu, Horton, 

Olmanson, and Toprac (2011) studied the 3D elements in educational game in class and 

found that school students are fond of the 3D environment because it is highly engaging 

and fun. Thus, serious games developers typically create 3D models for an immersive 

game environment.  

3D immersive game environments can add great value to educational games. 

However, there is few development tools (game engines and 3D modeling tools) designed 

specifically for serious games. Recent research of 3D game engines focuses on 

commercial games and entertainment games. For instance, Wünsche (2005) studied 

modern game engines and stressed that their benefits are high speed, rendering quality, 

interactivity, and multi-user support. Noh, Hong and Park (2006) analyzed game engine 

techniques for producing 3D entertainment contents for First Person Shooter games. On 

the other hand, Commercial game engines and 3D modeling tools are adapted for 
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non-entertainment purposes. Marks et al. (2007) evaluated popular game engines for 

developing applications that could be used for medical education and simulated surgical 

training. Marks et al. (2007) focused on content creation capabilities such as stability, 

availability, and possibility. Although it is plausible to adopt popular game engines for 

serious game development, it could be dangerous to use them blindly given their distinct 

purposes and requirements. Strict evaluation and adjustments are necessary before the use 

of any off-the-shelf game engines. There is a need for systematic rules that can be applied 

to the selection and evaluation of 3D modeling tools and game engines. 

2.5 Petridis and De Freitas’s Framework for 3D Modeling Tool Selection for Serious 

Games 

Petridis and De Freitas’s framework is used as a guide to select 3D modeling tools 

and game engines in this report. Petridis and De Freitas summarized the requirements of 

serious game development tools and created a framework for game engine selection (De 

Freitas & Jarvis, 2006; Petridis et al. 2012). In the framework, Petridis and De Freitas 

summarized six aspects in judging a 3D development tool (See Table 2): audiovisual 

fidelity, functional fidelity, heterogeneity, composability, accessibility and networking. 

Their definitions are also provided as following:  

“Audiovisual fidelity and functional fidelity refer to the similarity between real and 

virtual space that can be achieved thought audio, visual and functional emulation. 

Accessibility is the capacity of the engine to support both developers and users with 

limited expertise is of relevance. It can be further divided into learning curve, cost, 

documentation and support, and licensing. Composability is used to describe both the 

reusability of content created within a game engine, and also its capability to import 

and use data from common or proprietary sources. Heterogeneity refers to the range 
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that an engine is capable of deployment across, both in terms of hardware and 

software platform. Networking indicates game engine capacity in Supporting for 

larger-scale communities and social elements” (Petridis et al., 2012, p. 28, 29). 

The framework identifies both technical and non-technical requirements for game engine 

selection of serious games. Audiovisual and functional fidelity, heterogeneity, and 

composability belong to technical requirements while accessibility and networking tackle 

the non-technical components. 

 

 

Table 2.  

Framework for Comparing Engines in Serious Games 

Key Elements Audiovisual Fidelity 

Functional Fidelity 

Composability 

Accessibility 

Networking 

Heterogeneity 

 

Petridis and De Freitas’s framework is helpful not only in selecting game engines but 

in selecting 3D modeling tools as well. Modeling tools and game engines work in one 

pipeline. For development of a typical 3D game, a 3D modeling tool is utilized for content 

creation while a 3D game engine is responsible for environment creation. The content 

elements (e.g., models) created by 3D modeling tools are directly imported into the game 

engine to populate a 3D game environment. In a pipeline, 3D game engines and 3D 

modeling tools have a lot in common; therefore, the author used Petridis and De Freitas’s 

framework as a guideline of 3D modeling tool selection. With a few adjustments, the 
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framework can be used for selecting 3D modeling tools as well as engines for educational 

games. 

Two features -- functional fidelity and networking -- will not be included in the 

framework for 3D modeling tools. Fidelity is a key factor in evaluating a 3D game since 

it helps to enhance immersion in gameplay. Thus, researchers have to make visual fidelity 

an indispensable feature for 3D modeling tools for serious games. Immersion can be 

achieved through high-fidelity content. 3D modeling tools do not have to take into 

account functional fidelity and network. Both features are characteristics of game engines. 

Therefore, a framework for 3D modeling tool selection in serious games can be 

formulated. It should be noted that researchers deleted requirements of functional fidelity 

and network, not because they are insignificant in the production pipeline, but that those 

requirements are commonly well satisfied by game engines. Besides, to better apply the 

Petridis and De Freitas’s framework, we have to consider game engine and modeling 

tools as a combination. Both game engine and modeling tool are indispensable in the 3D 

production pipeline. Thus, we have to treat game engine compatibility as a factor in a 

modeling tool selection (See Table 3). 

 

 

Table 3.  

Framework for 3D modeling tool selection in Serious Games 

Key Elements Visual Fidelity 

Game Engine Compatibility 

Composability 

Accessibility 

Heterogeneity 
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2.6 Adjusting 3D Modeling Tool Selection Framework for Research-based 

Educational Games 

As discussed before, educational games are inclusive of the serious game category and 

the two have different requirements. For educational game researchers to make use of the 

off-the-shelf selection framework, we have to investigate the framework against 

educational needs. The unique requirements of research-based educational games stem 

from the barriers in different stages of game development. According to Klopfer, 

Osterweil, and Salen (2009), there are four barriers to educational game development and 

adoption: barriers to adoption, barriers to design and development, barriers to 

sustainability and barriers to innovation. Therefore, an effective modeling tool selection 

process must take into account these four barriers. In the following sections, the four 

educational barriers will be discussed in detail to formulate the unique framework for 3D 

modeling tool selection for educational games.  

2.6.1 Employing Software with Moderate Fidelity to Address Adoption of 

Educational Games in Public School 

It is difficult to integrate the play of the game with high fidelity into schools. Technical 

constraints in some schools, such as limited access to computers, will prevent games from 

playing a mainstream role in learning (Klopfer, Osterweil & Salen, 2009). One of the 

challenges for game-based learning is the status of IT in the educational system. (Korte & 

Hüsing, 2006). In the past decade, although computers in schools are updated, their 

performance is still low compared with that of computers used for commercial games. 

Therefore, the first requirement is support for a low-performance platform. Educational 

games should be designed for computers in class, “since target demographics are 
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frequently ‘non-gamer’, and thus platforms capable of deployment across a wide range of 

hardware and software platforms are significantly advantageous” (Petridis et al., 2012, p. 

4). To achieve that designed function, educational games should not take up too much 

computer resource. Ideally, they are able to achieve best performance and effect with the 

least computer resources. Petridis et al. (2012) also argued against the direct connection 

between high-visual fidelity and learning transfer. In that sense, a moderate high-fidelity 

modeling tool is acceptable as long as it is able to attain learning objectives.  

2.6.2 Adopting Low Cost Software to Facilitate Accessibility 

Lack of funding serves as a primary constraint for research-based educational game 

development. High development cost and limited sources of funding turn out to be a 

difficult barrier to research-based game development. “Lack of funding for educational 

game development or the creation of educational game companies from venture capitalists, 

mezzanine funders, or banks limits the growth of the field” (Klopfer, Osterweil, & Salen, 

2009, p. 18-19). It costs a lot to make and maintain videogames. That is especially true for 

research-based educational games. Research-based projects are small scaled unlike 

commercial video games, which have substantial funding from the private sector. The 

fund-raising power of research-based educational games is limited by a non-profit oriented 

running mode and heavy reliance on non-persistent funding. Therefore, low cost is one of 

the most significant features of any research-based educational game development project. 

For modeling tools, low cost or free access is a determining factor in selection.  

2.6.3 Utilizing Software with a Smooth Learning Curve to Facilitate Accessibility 

Non-professional staffing is another constraint for research-based educational game 

development. It takes a great deal of expertise and know-how to develop a video game, 
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either in programming or content creation. Moreover, oftentimes research-based 

educational games are developed in university settings. For those educational game 

development teams made up of students, it would be shortsighted to expect these members 

to possess professional-level skills. They work voluntarily in teams to learn and practice 

new skills. A game development project offers a sandbox for team members’ 

problem-based and project-based learning. Team members make use of their working 

experience in a team to write research papers or equip themselves for future careers. Given 

that, educational modeling tools need to be accessible for novice designers. Specific 

requirements include a short learning curve, detailed and comprehensible documentation, 

and timely support, which all facilitate self-study. The interface should be tailored for 

starters. 

2.6.4 Applying Software with Longevity to Ensure Sustainability and Innovation 

The last two barriers - sustainability and innovation - are related to educational game 

maintenance and upgrading. Educational games should keep updating and improving so as 

to keep attracting users and fans. “Gamers, like kids, change what they play for a variety of 

reasons, and loyalty to a product can be hard to find” (Klopfer, Osterweil & Salen, 2009, p. 

19). Therefore, those developing tools should reflect the latest technology in the game 

industry. Otherwise, educational games will lose the battle against leisure games.  

Game platforms become outdated quickly when technology changes, and it is quite 

challenging to keep up with such growing momentum provided limited expertise. 

However, educational games cannot afford to switch tools frequently. Every single tool 

conversion takes time and effort. Ideally, game developing tools are capable of 

self-improvement. To achieve that, game-developing tools need to have a dynamic 

community that is responsive and helpful to its members.  
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In summary, game engine compatibility, visual fidelity, composability, accessibility, 

heterogeneity, and sustainability are the essential aspects in selecting 3D modeling tools 

for research-based educational games. New features are integrated in the 3D modeling 

tools selection framework for educational use (Educational Modeling Tool Framework) 

(See Table 4). 

 

 

Table 4.  

Framework for 3D Modeling Tool Selection for Research-based Educational Games 

(Educational Modeling Tool Framework) 

 

Requirements (Key elements) Examples Degree 

Visual Fidelity  High 

Game Engine Compatibility HTML5 rendering High 

Accessibility Learning Curve High 

Cost High 

Documentation and Support High 

Licensing High 

Composability  High 

Heterogeneity  High 

Sustainability  High 

 

2.7 Open Source 3D Modeling Tools for Educational Games 

The Educational Modeling Tool Framework makes researchers’ jobs easy since it 

standardizes 3D tool selecting practice. However, the tool selecting process is still tedious 

and inefficient given that there are a great number of tools for 3D game development. The 
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popularity of open source software keeps growing over the past decade. According to 

Annual Future of Open Source report, 78 percent of respondents in the report running their 

operations in part or in whole on open source software (Black Duck Software. 2015). 

That's a nearly two-fold increase from 42 percent in 2010. 3D production industry is also 

affected by the popularity of open source software. Professionals have started to use open 

source 3D modeling tools for 3D content production. Open source software is an ideal 

solution for 3D modeling selection since they meet most requirements of educational 

games. 

Open source software must follow the Open Source Initiative criteria – “open source 

licenses must permit non-exclusive commercial exploitation of the licensed work, must 

make available the work’s source code, and must permit the creation of derivative works 

from the work itself” (Open Source Initiative). Three benefits of open source software are 

innovation, reliability and longevity (Laurent, 2004). Innovation can be achieved by an 

incessant contribution from non-conventionally-rewarded programmers. They are highly 

motivated to add usability to the software. Reliability relies on debugging provided by 

millions of users’ feedback and suggestions for better usage. As for longevity, unlike 

commercial software, which can fall into disuse for some period, open source software is 

constantly adapted and revived.  

Apart from those general benefits, open source 3D modeling tools possess several 

unique features that meet the requirements of educational game development. First, it 

greatly reduces development costs, and as mentioned, high development costs and limited 

funding sources are two of the biggest concerns for developers of educational games. Since 

funding is restricted, developers have to be practical and thrifty while making decisions. 

Klopfer, Osterweil, and Salen (2009) emphasized the need to for open source game 

engines designed for educational games. They negated commercial engines in that “they 
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are expensive, complicated while not well suited to the special needs of educational 

games” (p. 36). In contrast, open source modeling tools have potential for educational 

games to be offered for free, and save developers money toward upgrades and general 

maintenance. In an open community, not only game engines, but also, assets, gaming 

code, and design ideas are shared. Eventually, there will be no monetary charge for end 

users (Klopfer et al., 2009). Second, open-source 3D modeling tools are highly supportive 

of most running environments. The high-performance requirements on the platform of 

Open-source 3D modeling tools are usually not as strict as those of commercial 3D 

modeling tools. Targeted at widespread users, there is no strict requirement on the 

platform in open source software. Thus, student-developers on a research team may easily 

install and run it on their personal computers. Third, open source tools enhance 

learnability for experienced users. Open source tools are featured with a feasible user 

interface and open to customized setting. Experienced users can make changes according 

to their preferences. Open source tools offer open access to the game engine source code 

itself. Developers are free to modify and customize the software settings based on their 

own requirements. Customized interface and settings will increase the efficiency of game 

development. The learning time for experienced users is drastically reduced, as they do 

not need to learn everything from scratch. Zyda (2005) pointed out the benefits of open 

source tools: 

“With an open source engine, developers could explore additional capabilities, 

including a larger terrain box, dynamic terrain, physical modeling, and other 

requirements that the entertainment world ignores. In addition, an open source 

engine would make feasible exploring many other directions, including the 

modeling and simulation of computer characters, story, and human emotion.” (p. 

28)  
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Fourth, open source tools are supportive of sustained use. Open source engines are 

subject to public evaluation and revision and thus are continually evolving in real time. 

Any new features at the industrial level will be added to the latest version immediately. In 

doing so, open source software has better quality and is more secure and less prone to 

bugs. Every single tool conversion takes time and effort. As mentioned above, 

educational games cannot afford switching tools frequently unless that is the only option. 

If adopted, there will be no need to change the open source tool for a long period. Fifth, 

open source tools enable heterogeneity. Using open source software also means one is not 

locked in to using a particular vendor’s system that only works with specific systems. 

Content produced in open source modeling tools is reusable and can be exported to 

various formats. Moreover, there is a myriad of Software Development Kits (SDK) 

available online for an educational game developer to adopt for free. Therefore, they may 

focus on those essential parts in an educational game such as learning content and 

scenarios. 

By nature, open source tools meet such requirements as low cost, accessibility, 

heterogeneity, learning curve, community, and support. Therefore, they overcome the four 

barriers in research-based educational game development. In summary, open source is a 

valuable supplement to the 3D modeling tool selection framework in educational games.  

The Educational Modeling Tool Framework was implemented for 3D modeling tool 

and game engine selection in the Alien Rescue upgrading project. It clearly displayed how 

to utilize the framework, compare and contrast available solutions, and make a final 

decision.   
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Chapter 3: Applying Educational Modeling Tool Framework for Alien 

Rescue Project 

The author joined an educational game research team and developed 3D contents for 

the game Alien Rescue. The research team members followed four steps in conducting 

tool combination selection: First, select candidate tool combinations. Second, test each 

tool. Third, select tools with Educational Modeling Tool Framework. Finally, document 

the experience of framework use and make suggestions for further research. 

3.1 Tool Use History of AR Game 

“Alien Rescue is an online problem-based 3D immersive learning environment for 

sixth grade science. Its design is based on current research in teaching and learning and is 

continually developed and improved by research team from The University of Texas at 

Austin” (Alien Rescue Web). 

Alien Rescue was developed to meet the curriculum requirements for sixth-grade 

science. The development of Alien Rescue was launched in 1997. The program 

progressed from a prototype in 1998 to version 2.1 in 2001(created in Macromedia 

Director and delivered on CD-ROM), then in 2008 to version 3.2 (created using the 

Torque Game Engine), and finally to a web-based version 4.1 (created in the Unity game 

engine) in 2012. The game developers adopted 3D environment settings in the fourth 

version while Modo and Unity 5 were used for 3D content and environment production 

(Alien Rescue Web). Currently, it is undergoing a fifth version conversion. The goal is to 

align Alien Rescue with modern game design style as well as the technological needs. 
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3.2 Need for Tool Change 

A web browser game platform has experienced great changes so far and the original 

version 4.0 no longer meets the technological requirements for modern browsers. In 

Alien Rescue 4.1, a plugin is required to render Unity 5 3D games. Google Chrome 

abandoned the plugin in order to improve its security, speed, and stability, as well as reduce 

complexity in the code base. For the same reason, the AR fourth version produced by 

Modo and Unity is no longer supported in Google Chrome.  

An ideal solution is to develop a web browser game with HTML5 techniques. HTML5 

offers new solutions to include and handle multimedia and graphical content (HTML5). 

The content assigned by HTML5 is well supported in current browsers for both mobile and 

desktop version. According to Caniuse.com, the average supporting rate for Primary 

browsers such as Chrome, Safari, Firefox, iOS, Android is 75% (See B 1). Therefore, there 

is a need to find a 3D toolset that suits HTML5 web browser development. With that 

toolset, 3D content will be produced and rendered in browsers efficiently. 

 

Figure 1: 

Calculation of support for currently selected criteria 
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3.3 Process of Tool Selection 

Selecting an appropriate tool for the task is no easy job. Using the Educational 

Modeling Tool Framework, several 3D modeling tools for the Alien Rescue project were 

evaluated and identified. 

3.3.1 Select Candidate Tools  

For rendering in browsers, researchers had to explore tools that possess a HTML5 

exporter. There are a myriad of alternative tools existing in the open source community. 

Researchers identified two popular options: three.js editor and Blender+Blender4Web. 

Both of them are widely used for 3D modeling and support HTML5 OpenGL.  

3.3.2 Test on Tools 

Over the course of a couple of weeks, researchers conducted experiments on both 

tools. The first week was spent testing three.js editor. Researchers found documents about 

three.js editor instructions (http://benchung.com/three-js-editor), which introduce basic 

functions such as adding objects, modifying script and publishing. Following the 

instructions, researchers took three hours making a simple 3D dolly (See Figure 2) in 

three.js editor. Three.js is easy to learn. Then, researchers tested the composability by 

converting 3D models from Modo to three.js editor (.lxo to .dae then to.json). Finally, 

researchers exported the .json file and rendered it in the local server environment 

(MAMP) to test the visual fidelity of the three.js editor. During this process, different 

browsers were tested. Researchers found three.js editor is too limited in creating a 

high-fidelity product given resources and expertise. It does not support format conversion. 

The researchers found that the three.js editor successfully met three of the five 

http://benchung.com/three-js-editor
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requirements (i.e., game engine compatibility, low cost, and smooth learning curve), but 

failed in the other two requirements (i.e., visual fidelity and heterogeneity). 

Figure 2: 

Dolly created in Three.js editor  

 

 

Researchers then turned to utilize Blender. They tested Blender’s visual fidelity, 

composability, accessibility, and learning curve. Blender is compatible with all kinds of 

browsers and its file format (.blend) can be easily converted to widely used formats 

(.obj, .json). However, Blender has a steep learning curve. Various tabs are placed on four 

sides of the rectangle interface while there are a great number of function buttons on 

every single tab (See Figure 3). The numerous hotkeys are also challenging for novel 

users to remember. However, there are high-quality tutorials and useful documents online 

that facilitate self-study. The rendering issue was solved with the help of Blender4Web. 

With Blender4Web, one can easily test and view rendering effects for real. Game 

developers can now develop optimized web apps with only two programs - Blender and a 
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web browser. The researchers then map those features of Blender+Blend4Web into the 

Educational Modeling Tool Framework and find: First and foremost, Blend4Web and 

Blender are compatible. Since Blend4Web is naturally designed for Blender rendering in 

browsers, the conversion from one tool to another is seamless. Moreover, 3D models in 

high fidelity rendered in Blend4Web are very vivid (See Figure 4). Second, Blender is 

quite available. The open source nature lowers the threshold for Blender use in small 

projects. It can be used for free. Third, as one of the most heavily used open source 3D 

tools, Blender has a huge community. The well-edited documentation and support are 

available online. Collaborating with Blend4Web, Blender files can be opened on most 

web browsers. Last, Blender and Blend4Web are under development for wider use. 

 

Figure 3. 

Blender default interface 
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Figure 4: 

Dolly created in Three.js editor  

 

 

3.3.3 Select Tool with Educational Modeling Tool Framework 

Using the Educational Modeling Tool Framework, researchers listed those features 

for Modo, Blender and three.js editor (See Table 5). It is noticed that no single tool is 

perfect. Though one tool possesses some appreciable features, it performs badly on other 

features. For example, Modo is able to produce fine models (high visual fidelity) and has 

professional support and services online, which makes it learnable (learning curve). 

However, there is no way to render models from Modo directly to web browsers (low 

heterogeneity) and it costs some money to use it (cost). 
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Table 5. 

AR modeling Tools Comparison 

 

Features/Tools Modo Blender three.js editor 

Visual Fidelity High High Low 

Game Engine Compatibility Not with HTML5 High with Blend4Web 
High with built-in game 
engine 

Composability 

CAD 
Platforms 
supported 

High High Low 

Import 
Export 
Limitations 

High High Low 

.lwo, .obj, .dae, .dx
f etc. 

Built-in system supports 
import and export of OBJ, 
FBX, 3DS, PLY etc. 

Support exporting .json 

  Other formats are also 
supported and distributed 
through the use of Add-ons 

JSONLoader is designed 
only to load basic 
geometries 

    A geometry contains only a 
single model's per-vertex 
and per-face information 

Content 
Availability 

Large Large Small 

SDK/GDK Enabled Enabled Enabled 

Browser rendering Low High High 

  

Does not support 
direct rendering 

Supports direct rendering with 
BLend4Web add-on 

Supports direct rendering 

Need format 
change 
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Table 5 continued. 

AR modeling Tools Comparison 

 

Attributes/Tools Modo Blender three.js editor 

Accessibility 

Learning 
Curve 

Medium Steep Smooth 

  

User-friendly 
interface but still 
takes some time to 
memorize hotkeys 

Difficult for beginners Simple user interface 

  
  Too much jargon and too many 

hotkeys 
  

Docs and 
Support 

High High Limited 

Support tutorials 
documents online 

Support community, tutorials 
No mature community or 
tutorials 

Licensing 
Unable to change Able to change Able to change 

License owned by 
tool producer 

Open source Open source 

Cost 

Medium 
(149USD/Y 
discount for 
student) 

Free Free 

Networking Yes Yes Limited 

Heterogeneity Yes Yes Limited 

Sustainability Limited High High 
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Therefore, the researchers have to compare the pros and cons of different tools based 

on the benefit to the project (See Table 6). Researchers weighed the pros and cons of 

Modo+Unity with Blender+Blend4Web and used this information to make an informed 

decision. They decided to replace Modo+Unity with Blender+Blend4Web. Blender 

surpasses three.js editor in high visual fidelity and heterogeneity and is also a better 

option than Modo because of its zero cost. Moreover, Blender has a wide scope of 

applications and dynamic communities, indicating a great potential for longevity. One 

can easily develop fully-fledged, optimized web apps with only two programs - Blender 

and a web browser. 

 

Table 6.  

Pros and Cons of AR Modeling Tools 

Three.js editor Cons: low visual fidelity, low heterogeneity, complex application 

Pros: zero cost, low learning curve, high compatibility with HTML5, 

open source 

Modo + Unity5 Cons: high cost, weak composability (no SDK, CAD Platforms 

supported and conversion), Low compatibility with HTML5, long 

learning curve 

Pros: high visual fidelity, high heterogeneity, user-friendly interface  

Blender + 

Blend4Web 

Cons: long learning curve  

Pros: zero cost, high visual fidelity, high compatibility with HTML5, 

open source 

  

The researchers found that Blender is by no means the optimal solution. Rather, it is 

the most reasonable one given the time limit and resource constraints. The two biggest 
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defects are the steep learning curve and insufficient user support. The researchers 

successfully come up with solutions for both issues. 

The most significant deficiencies of Blender are a less user-friendly interface design 

and a difficult learning curve. To utilize Blender, a user has to make do with a 

complicated interface and the memorization of hotkeys. In the book Outliers, author 

Malcolm Gladwell (2008) claimed that it takes roughly ten thousand hours of practice to 

achieve mastery in a field based on his study on the lives of extremely successful people. 

Although the actually amount of time it takes to master is still disputable, it is reasonable 

to infer that a new user has to spend at least a few months to get used to a workspace. It is 

unrealistic for students to devote such a great amount of time practicing modeling skills 

considering their demanding workload for study. Slow progress will frustrate learners and 

ultimately impact their productivity.   

On the other hand, the research-based educational game project is used for research 

and learning. It is unnecessary for one to master the tools immediately. One key project 

goal is to keep students motivated while practicing modeling skills. For student game 

developers, the game product is a byproduct of that learning process, rather than an end in 

itself. A feasible way to accelerate the learning process is by mentorship. In a research 

team, those new members are encouraged to help each other. Turning to senior members 

for help will save new 3D modeling designers’ time. Mentorship is a unique tool for 

tutoring in a research team. The senior member shares his experience and gives 

suggestions while walking new users through issues. Most people in an AR team find it 

useful since they may receive an accurate answer by asking their mentors directly. 

In the case of the Alien Rescue project, past experience with Modo allows some 

members to move faster in acquiring Blender skills. In that case, they share their 

experience and gave tips in using Blender to the other 3D team members, such as which 
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tutorial to use, and which reference to read. In doing so, those new members took less 

time to get acquainted with modeling tool settings (Blender). The senior team member 

made suggestions on learning materials and customized the learning path for new 

members. With mentorship available, the new members are more comfortable in playing 

with the game development engine. 

Another issue with Blender is insufficient references. Most tutorials are targeting 

game developers in a broad sense. There is no document detailing educational game 

modeling features and requirements for Blender. As open source software, Blender’s 

documents are not easy to use. In the forum, records of Q&A are not grouped by topic or 

level, making it difficult to learn knowledge systematically by self-study. Moreover, 

some ill-labeled questions and misleading questions are left unattended, adding many 

obstacles for one to search for solutions. A large proportion of documents contain jargon 

and technical terms that make it incomprehensible for beginners. 

To better serve the project, the researchers managed to record their use and 

experience with Blender in a weekly log. Takeaways, as well as a lesson in tool using, 

were recorded in reflection. At the end of the project, the log was reorganized by theme 

and well documented. The documents will play a significant role in game maintenance 

and future development.  

3.3.4 Document the Implementation of Tools 

After selecting the 3D tool, the researchers established a document for Blender and 

Blender4Web implementation for AR. They updated the document with assigned tasks, 

project progress, and experience and lessons in Blender and Blend4Web tools use. The 

researchers on the 3D team began to use Blender for the 3D modeling project on the third 

week. It took the researchers nearly a semester (14 weeks) to learn Blender, Blender4Web 
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and get used to the new developing environment. Researchers in the 3D team spent on 

average three weeks (week 3 – week 6) watching tutorials. The main task for 3D group 

was to create a 3D space station (See Figure 5). The space station will be used as a 

learning environment for game users to engage and interact with cognitive tools. Two 

additional weeks (week 6 – week 7) were spent drafting the space station model and 

another two weeks (week 7 – week 9) refining the modeling (reducing polygons, adding 

doors and walls, consoles). After that, they began to learn Blender4Web for rendering, the 

process of add shading, color and lamination to 3-D wireframe in order to create life-like 

images on a screen (week 9 – week 11). Then they added a texture map and physical 

collision took them another three weeks (week 11 – week 14). In the meantime, the 

researchers adjusted settings of characters to make it functionally workable. The last three 

weeks (week 14- week 17) were used for tuning and refining. At the end of the semester, 

week 17, the researchers revised their notes, grouped and reorganized the content based 

on the modeling creation procedures (modeling building, painting (i.e. texture map), 

animation (e.g., physical collision), and refining) and finally added content. Finally, 

researchers evaluated the tool and reflected on the 3D tool selecting process and make 

recommendations for future iteration. The document will make the reflection and 

evaluation easier and more convincing.  

Figure 5 

Space Station made in Blender 
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Chapter 4: Conclusion 

The Educational Modeling Tool Framework is workable and efficient for tool 

selection. Researchers selected the tools by simply mapping their features to the 

framework. In summary, researchers selected Blender and Blend4Web based on the 

requirements of the framework. They met the most requirements and are the most suitable 

tools for an educational game development project. Following the four steps (selecting 

candidate tool combinations, testing each tool, selecting tools with the Educational 

Modeling Tool Framework and documenting the experience of framework use and making 

suggestions for further research), one may easily compare and contrast different 3D 

modeling tools and make a wise decision in tool selection. 

4.1 Suggestions for Future Iteration 

The Educational Modeling Tool Framework helps developers in making informative 

decisions for tool selection; however, tool selection is not a problem that can be solved 

once and for all. In most cases, there is no perfect solution. Every project has its own set 

of unique goals and requirements. Therefore, researchers may not rely on any one 

solution for all projects. In addition, each tool has pros and cons; in other words, no tool 

is perfect and each one has limits. Success in one scenario does not necessarily assure the 

continuous success of others, and in this sense, tool selection takes the form of an 

iterative process. Here are some suggestions on conducting modeling tools selection: 

open mind, practice, and a backup plan. 
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4.1.1 Open Mind 

A common mistake for a rookie game developer in tool selection is that he tends to 

keep using a familiar tool until it is too late. Needless to say, change is risky. It is safe to 

use the original tool and keep the status quo; however, with risk comes opportunity. 

Switching from one tool to another inevitably results in the additional cost of time while 

increasing efficiency in the long run. If researchers are complacent with the status quo, it 

will be too late to change in the end. 

As technology advances, user need and expectation grow accordingly. Alien Rescue 

has released four versions, from the CD-ROM to Unity in web-based browser plug-ins, 

and then to the WebGL plugin-free environment - the fifth version. In that process, AR 

respectively adopted Shockwave, Unity for modeling tool and Modo, Sculptris for 3D 

modeling to create an immersive game environment. They were adopted due to game 

developing requirements (higher visual fidelity and function stability). For the latest 

HTML5 version, the Alien Rescue team studied the latest developments in the game 

industry and weighed the benefits of using Blender, Modo, and three.js editor. Finally, 

Blender was chosen as the modeling tool.  

Game technique keeps changing while sometimes taking the form of revolutionary 

change. Researchers need to keep an eye on the current trends so as to find an optimal 

approach. In selecting game modeling tools, it is quite helpful to frequently visit relevant 

discussion forums to get involved in the community. Researchers should always be 

curious about novel technology and ready for new information. They need to study pros 

and cons of new tools within the Educational Modeling Tool Framework as well as 

anticipate the loss and gain as a result of tool conversion. 
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4.1.2 Practice 

In making a decision on the new tools, instead of just reading documents, researchers 

need to do experimental studies and field test to gain direct experience. To compare 

three.js editor, Blender, and Modo, researchers practically created models with all three 

tools and reflected on our own experience. Some default or built-in features are hard to 

learn unless your use it for real. For instance, three.js editor requires users to input 

trigonometry angle, instead of degree symbol in assigning the degree of rotation. Such 

features were nowhere to be found in the documents as it was taken for granted that most 

3D designers know trigonometry angle. However, that is certainly not the case for student 

designers. Trigonometry angle input will lay hindrance for students without a science and 

engineering educational background. As a result, that feature appears as a significant 

reason for us to stop using three.js editor. 

4.1.3 Backup Plan 

When implementing tool conversion, researchers should not stick to one solution. 

Any tool has pros and cons and it is useful only if it can meet the requirements of the 

project. They need to have a clear idea about project goals and limitations in order to find 

the optimal solution. Researchers should always have a backup plan. In practice, 

additional requirements are added to better serve the instructional goal in the game 

developing process, which sometimes makes the current tool out of use. For instance, in 

the AR redesign project, the leader of the project team noticed that high fidelity in certain 

game scenarios works in an immersed environment, and he wanted a 3D modeling tool 

that was able to create high-fidelity models rather than the original moderate-fidelity 
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models. Thus, three.js editor was replaced by Blender. Blender here is a backup solution 

to three.js editor. 

Besides, the limited knowledge about new 3D tools makes it very likely to make an 

inappropriate decision in tool selection at the beginning. In those cases, a backup plan is 

valuable in preventing the whole project from ending up at a standstill. In Alien Rescue, 

Blender is the primary tool while Modo is used as a backup in the case of high-fidelity 

animation creation.  

To sum up, the 3D modeling tool selection process is important in any educational 

game development project. It will have a direct impact on the progress of the whole 

project. Although it is no easy job, the Educational Modeling Tool Framework is 

provided to simplify the process. By listing and mapping the features of 3D tools into the 

framework, researchers get a clear idea of their pros and cons and can make informed 

decisions. Given the fact that all projects are unique, researchers need to wisely use the 

frame and be ready to repeat the selection process for a better solution.  
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