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ABSTRACT 

The purpose of this mixed method study, quantitative and descriptive, was to determine 

whether the first-middle grade (seventh grade) students at Saudi schools are able to learn 

and use the Autodesk Maya software to interact and create their own 3-D models and 

animations and whether their use of the software influences their study habits and their 

understanding of the school subject matter. The study revealed that there is value to the 

science students regarding the use of 3-D software to create 3-D models to complete 

science assignments. Also, this study aimed to address the middle-school students’ ability 

to learn 3-D software in art class, and then ultimately use it in their science class. The 

success of this study may open the way to consider the impact of 3-D modeling on other 

school subjects, such as mathematics, art, and geography. When the students start using 

graphic design, including 3-D software, at a young age, they tend to develop personal 

creativity and skills. The success of this study, if applied in schools, will provide the 

community with skillful young designers and increase awareness of graphic design and 

the new 3-D technology. Experimental method was used to answer the quantitative 

research question, are there significant differences applying the learning method using 3-

D models (no 3-D, premade 3-D, and create 3-D) in a science class being taught about the 

solar system and its impact on the students’ science achievement scores? Descriptive 

method was used to answer the qualitative research questions that are about the difficulty 

of learning and using Autodesk Maya software, time that students take to use the basic 

levels of Polygon and Animation parts of the Autodesk Maya software, and level of 

students’ work quality.
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 PREFACE 

This dissertation is original, unpublished, independent work by the author, 

Mohammed Alharbi. The science posttest of the solar system was taken from Indiana 

Science Fusion Holt McDougal: Assessment Guide Grade 6 (See Appendix H). 
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CHAPTER 1 

THE PROBLEM 

Students grasp more when they are engaged and motivated in their learning process and 

they remember less from reading than from working and doing the subject matter. As 

technologies grow at high speed, people use them more in daily life, as technologies become part 

of their activities. Now, young people are familiar with these technologies more than any 

previous time. 

Educational institutions have adopted different kinds of technology according to their 

purposes. Some higher education colleges have adopted Web 2.0 and 3-D virtual world (VR) 

technologies in their teaching and learning. 3-D VR was created in 1997 (Kelton, 2008). In 

education, virtual worlds had a huge impact (Robbins-Bell, 2008). The 3-D virtual reality (VR) 

learning environment offers students a powerful 3-D environment that looks almost like the real 

world (Huang, Rauch, & Liaw, 2010). Indeed, higher education institutions have multiple 

educational technologies to apply in their online teaching such as “web conferencing software, 

Web 2.0 technologies, and three-dimensional (3D) virtual worlds” (Stone, 2009, p. 2).  

In higher education, there are hundreds of institutions that use 3-D VR, e.g., “Active 

Worlds and Second Life” (Kelton, 2008, p. 15), in teaching and learning. In 2003, Linden Labs 

established Second Life; by 2009, its users increased to more than 900,000 (Pfeil, Ang, & 

Zaphiris, 2009). Second Life is an online 3-D virtual reality world that presents users with 

avatars and is a social interaction place rather than multi player game (Muir, Allen, Rayner, & 
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Cleland, 2013). VR is a new computer technology that is used in teaching healthcare, business, 

communication, science, and education (Hanson & Shelton, 2008).  

3-D virtual worlds include 3-D animations, interactive 3-D animations, and 3-D 

illustrations (Korakakis, Pavlatou, Palyvons, & Spyrellis, 2009; Mayer & Moreno, 2007). 3-D 

VR is used for entertainment, work, and learning (Pfeil et al., 2009). Students using this 

technology learn from hands-on experience (Hanson & Shelton, 2008). Educators, researchers, 

and course designers rely on experimental and cognitive methods of employing 3-D virtual 

worlds and other 3-D applications which may be considered as multimodal environments 

(Hanson & Shelton, 2008; Huang et al., 2010; Kelton, 2008; Mayer & Moreno, 2002, 2007; Pfeil 

et al., 2009; Robbins-Bell, 2008; Soong, 2008). Multimodal environments present subject matter 

verbally and visually (Mayer & Moreno, 2007).  

There are two strategies of implementing multimodal environments: interactive and 

noninteractive. The interactive environment responds to learners’ actions, and the non-interactive 

environment presents subject matter in sequence, such as narrative animation and books (Mayer 

& Moreno, 2007). Two components of the interactive environment, social interaction and 

communication including text chat and voice chat, help to make 3-D VR a unique environment 

(Huang et al., 2010; Mayer & Moreno, 2007; Pfeil et al., 2009).  

Multimodal interactive environments also include navigating, dialoguing, searching, 

manipulating, and controlling. The navigating interactive environments enable learners to select 

from a variety of options, while the dialoguing interactive environments enable learners to ask 

questions and get answers or tell the answers to get feedback. Searching interactive environments 

allow learners to search for information, get different options, and choose an option. 

Manipulating interactive environments enable learners to “control aspects of the presentation, 
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such as setting parameters before a simulation runs, zooming in or out, or moving objects around 

the screen” (Mayer & Moreno, 2007, p. 311). Controlling interactive environments make it 

possible for learners to play, pause, stop, move forward, or move backward the narrative 

animation.   

 3-D virtual worlds are based on computer technology. Using computers in classes allows 

students to better their understanding, make meaningful use of knowledge, and help them in peer 

discussion. Students’ problem solving, via the use of computers, improves the cognitive learning 

processes. When students use computers to problem solve, instructors can review the students’ 

input data to see how students think and problem solve (Soong, 2008). Indeed, Gardner (2000), 

in his multiple intelligence theory, stated that new technologies (CD-ROM, the Internet, 

videodisks, the World Wide Web, and others) used for educational and instructional purposes 

have shown evidence of their ability to influence “students to use several intelligences; 

moreover, even when one is simply typing on one’s keyboard, one can ‘think’ in spatial, musical, 

linguistic, or bodily intelligences” (p. 33).  

Through 3-D virtual worlds, students build experiences in learning more than in 

traditional learning. Students’ problem solving via the use of computer helps them practice their 

cognitive process as they interact in the virtual reality learning environment  (VRLE; Huang et 

al., 2010; Soong, 2008). Due to students’ experience of immersion and imagination in VRLE, 

they learn to solve problems that broaden their imaginations, improve their skills, and build their 

experiences. These allow students to apply prior computer experience to new technology and 

future learning levels. Also, the use of 3-D models in VRLE raises students’ motivation and 

interest in the courses’ content more than 2D virtual learning environments. The growing 



 4	  

experience of students’ participation, aided by animation techniques, is due to the 3-D VRLE 

requirements of interaction, imagination, and immersion (Huang et al., 2010).  

According to Mayer and Moreno (2002), animation’s “effects are most consistent with 

the cognitive theory of multimedia learning” (p. 97). It has also shown a positive influence on 

students’ educational learning and understanding. Animation is a “simulated motion picture” that 

has three characteristics: picture, motion, and simulation. An animation is a group of images that 

show an object’s motion in real simulation. In educational learning, animation is considered a 

tool (Mayer & Moreno, 2002). Controlling narrative animation, using pause, play, and stop 

options, allows learners to “reduce representational holding by minimizing the amount of 

information that needs to be processed in working memory at one time” (Mayer & Moreno, 

2007, p. 320). 

In the areas of healthcare, business, communication, science, and education, VR 

technology is a new learning resource. It enables students to build their learning from hands-on 

experience (Hanson & Shelton, 2008). Students engage and do their class activities, such as 

papers, discussions, lectures, labs, case study, and exams in simulated virtual worlds (Calongne, 

2008). VR applications allow students to fully engage with content, control the scene, give 

feedback, navigate, and open the imagination (Huang et al., 2010). For example, learners can 

view 3-D objects from multiple viewpoints or zoom in or out of the objects. All these influence 

3-D VR applications to ‘potentially deepen the learning effect when the learners are actively 

constructing new knowledge” (Huang et al., 2010, p. 1173).  

Statement of the Problem 

The use of 3-D virtual worlds is helpful in learning and teaching at higher education 

institutions (Hanson & Shelton, 2008; Huang et al., 2010; Kelton, 2008; Mayer & Moreno, 2002; 
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Pfeil et al., 2009; Robbins-Bell, 2008; Stone, 2009). Students achieved more in engineering 

learning when they created their own 3-D models related to their learning (McMenemy & 

Ferguson, 2009). Currently, 3-D modeling and animation techniques are available in many 

digital art classes at American public high schools and students are able to create their own 

models (Bushweller, 1997; Gill, 2008; Sakatani, 2005). Adolescents and teenagers are familiar 

with and interact with new technologies including the Internet, 3-D video games, and 3-D 

animations, and they are able to learn new techniques to improve their science learning. When 

young students interact and create 3-D models of a science project, they will gain indepth 

knowledge of the subject matter. The use of the 3-D digital art software Autodesk Maya allows 

students to create and is a heavily supported educational tool based on Gardner’s multiple 

intelligence theory, cognition theory, constructivism theory, Piaget theory, Bruner and Vygotsky 

theories (Gill, 2008). 

Purpose of the Study 

The purpose of this mixed methods study, quantitative and descriptive, was to determine 

whether the first-middle grade (seventh grade) students at Saudi’s schools are able to learn and 

use the Autodesk Maya software to interact and create their own 3-D models and animations and 

whether their use of the software influences their study habits and their understanding of subject 

matter. The study revealed that there is a value to the science students regarding the use of 3-D 

software to create 3-D models to complete science assignments. Also, this study aimed to 

address the middle-school students’ ability to learn 3-D software and use it in art class, and then 

ultimately use it in their science class. The success of this study may open the way to consider 

the impact of 3-D modeling on other school subjects, such as mathematics, art, and geography. 

When the students start using graphic design, including 3-D software, at a young age, they tend 
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to develop personal creativity and skills. The success of this study, if applied in schools, will 

provide the community with skillful young designers and increase the awareness of graphic 

design and the new 3-D technology. 

Research Question 

The study was to test the effects of using 3-D models on first-middle grade students’ 

science learning achievements: no-3-D (N3D), premade-3-D (P3D), and created-3-D (C3D). In 

Al-Yaqobi Middle School in Alhassa, Saudi Arabia, first-middle grade is the seventh grade of 

the Saudis’ education system, and it is equal to sixth grade in U.S. schools. There is one 

quantitative question in this study; it is Are there significant differences applying the learning 

method of using 3-D models (N3D, P3D, and C3D) in a science class being taught about the 

solar system and the impact on students’ science achievement scores?  

The three qualitative questions are 

1. How hard or easy is it for first-middle grade students to learn and use the Autodesk 

Maya software?  

2. How long, on average, does it take the first-middle grade students to be able to use the 

basic levels of Polygon and Animation components of the Autodesk Maya software?  

3. What level of work quality is affected when first-middle grade students use the 

Autodesk Maya software? 

Null Hypotheses 

There is one null hypothesis involved in the study:  

There are no significant differences to student achievement scores in science when 

studying the solar system while using the 3-D model strategies in science class.  

This null hypothesis included the following subheading: 



 7	  

1. There are no significant differences to student achievement scores in science when 

answering multiple-choice questions while studying the solar system while using the 3-D model 

strategies in science class. 

2. There are no significant differences to student achievement scores in science when 

answering critical-thinking questions while studying the solar system, using 3-D model strategies 

in science class. 

3. There are no significant differences to the C3D students’ achievement scores in science 

when answering critical-thinking questions while studying the solar system according to their 

completion of the science of the solar system project in science class. 

4. There are no significant differences to the C3D students’ achievement scores in science 

when answering multiple-choice questions while studying the solar system according to their 

completion of the science of the solar system project in science class. 

Definition of Terms 

3-D interactive: The process of manipulating interactive environments by controlling “aspects 

of the presentation, such as setting parameters before a simulation runs, zooming in or 

out, or moving objects around the screen” (Mayer & Moreno, 2007, p. 311).  

3-D interactive animation: The process of interacting and controlling 3-D narrative animation 

by using pace options, play, pause, stop, play forward, and play backward. 

3-D modeling and animation: The process of creating and animating 3-D objects and models 

within 3-D software, and animating them virtually to present them on the computer 

monitor.  

Autodesk Maya: A computer application allows users to create 3-D models, 3-D animations, 3-

D dynamics, and more. The users assign “colors, textures, lighting, and virtual motion” to 
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the 3-D models (Gill, 2008, p. 4). The outcome of this software can be images and 

animations that are displayed on the computer monitor, and which can be augmented with 

sound (Gill, 2008). 

Channel box: An editor panel allowing users to apply changes to an object’s position (translate, 

rotate, and scale) and adding subdivisions in three axes X, Y, and Z.  

Child: A command, within the software, that connects one polygon or more (child) to another 

polygon (parent). The parent controls the child.  

Edge: A variety of lines that shape 3-D models (polygon) in 3-D software, such as Autodesk 

Maya. Controlling the polygon’s edges helps in creating and modifying 3-D models. 

Image map: A computer image created by the 3-D software, like Autodesk Maya, to enable 

users to import it into photo-editing software such as Adobe Photoshop to edit and color 

the image as texture to the 3-D models.  

ISTEP: “The purpose of the Indiana Statewide Testing for Educational Progress Plus (ISTEP+) 

program is to measure student achievement in the subject areas of English/Language 

Arts, Mathematics, Science (Grades 4 and 6), and Social Studies (Grades 5 and 7).  In 

particular, ISTEP+ reports student achievement levels according to the Indiana Academic 

Standards that were adopted in November 2000 by the Indiana State Board of Education.  

An Applied Skills Assessment and a Multiple-Choice Assessment, which are required 

components of the ISTEP+ program, are used to measure these standards” (Indiana 

Department of Education, 2012). 

Monitor: Computer display screen that allow users to view computer data including visual 

graphics. 
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Move: A command to change a 3-D model’s location in three directions by using a computer 

mouse to control the scene. 

Parent: A command, within the software, that connects one polygon or more (child) to another 

polygon (parent). The parent controls the child.  

Polygon: Polygon is a geometry shape with three or more edges, and a sequence of polygons 

creates a 3-D model. A polygon includes vertexes, edges, and faces. 

Real-time graphics: in Maya, it is possible to view 3-D animation at real-time quality that 

allows the users to manage the animation’s motion. 

Rendering: The process of transferring 3-D model data from a format that is read by Maya 

software into image and animation formats that can be read by a variety of programs. 

Rotate: A command of 3-D software to turn a 3-D model in three directions by using a computer 

mouse and option key to control the scene. 

Scale: A command of 3-D software to resize a 3-D model in three directions by using a 

computer mouse and option key to control the scene. 

Shader: in 3-D software, like Maya, 3-D geometric mesh can be viewed as a shaded or 

wireframe object. When the 3-D model is viewed as shaded, it is textured, colored, and 

shined. 

Software rendering: “The process 3-D Modeling and animation software programs like Maya 

use to create a raster or bitmap image from the information contained in the 3-D scene 

file. Software rendering includes processes like smoothing, calculation of lights and 

atmospherics, and calculating shadows to a near-photographic quality still image” (Gill, 

2008, p. 32). 
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Tutorial: A step-by-step process of training in how to use software. There are a variety of book 

and video tutorials about Maya for adult learners that can be found on the Internet. 

Unparent: A command used to disconnect a child object from a parent object. 

Vertex: “A mathematical point on a line that may form an angle in a polygon” (Gill, 2008, p. 

32). A 3-D model which can be shaped by controlling the polygons’ vertexes. 

Wireframe: A way of displaying 3-D mesh in Maya without showing colors, textures, or lights. 

Wireframe mode shows the model as edges and vertices. It is faster to work in wireframe 

mode rather than shade mode. 

Significance of the Study 

This study was to examine whether there was a significant statistical difference across the 

learning methods of using 3-D strategy (N3D, P3D, and C3D) in the science of the solar system 

on students’ scores achievements in science. In doing so, quantitative data demonstrated whether 

there were differences, among the use of the three methods of using 3-D design in first-middle 

grade science class, in the students’ learning achievements in science.  

Limitations 

One limitation of this study related to the study’s training session in Autodesk Maya 

software. The time constraint of the training session was too short to attain an advanced software 

level. I only had six weeks, with one class a week, to teach students to use the software before 

the experimental study started. Because I was the instructor, I could not fully observe. To help 

overcome these limitations, I used two cameras to record class activities so I did not miss much. 

The school’s administration provided me free classes to use for the training session. Free classes 

were those when the target students had no activity due to a teacher’s absence. Due to Saudi 
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Arabia’s educational system, male and female students go to different schools and are taught by 

the same sex, this disallowed me to include female students in the study. 

Delimitations 

Delimitations of the study were as following. The study used only Saudi Arabia’s 

accredited first-middle grade science curriculum of the solar system. The target participants were 

children who do not speak English, and the software was an English version. I translated 

important and common terms of the software that were used by the students and showed them 

how to make actions. These terms were symbols of actions. The study benefits from Vygotsky’s 

rule of auxiliary stimuli process where the child (learner) learns new symbols and links them 

with old concepts, then they develop new relationships between the symbols (stimulus) and the 

child’s response to them. Finally, the child (learner) changes behaviors according to the 

characteristics of the symbol (Gredler, 1997). This process allowed the students to learn and use 

the complicated Autodesk Maya.  

The study used the review of Indiana Statewide Testing for Educational Progress Plus 

(ISTEP+), which is used in Indiana Science Fusion Holt McDougal: Assessment Guide Grade 6 

to test students (Houghton Mifflin Harcourt, 2011, p. 89-94) (See Appendix H). It did not take 

into account the ethnicity of the students within the schools being examined.  

Summary and Organization of the Study 

This study is divided into five chapters. Chapter 1 provides the problem, the statement of 

the problem, purpose of the study, research questions, null hypotheses, definition of terms, 

significance of study, and limitations and delimitations. Chapter 2 presents a review of the 

related literature and is subdivided into introduction, learning graphic design and 3-D in 

curricula’s theories, using technologies in learning, technologies’ uses in teaching and learning, 
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3-D in virtual learning, creating 3-D designs to enhance learning, and high school students 

creation of 3-D designs in art class. Chapter 3 presents information about the methodology used 

during this study including purpose of the study, research questions, null hypotheses, 

instructional materials, instruments, implementations procedures, and data collection analysis. 

Chapter 4 presents findings through the quantitative analyses of the hypotheses. Chapter 5 

presents a summary of the findings, conclusions, and implications of the study.  
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

Learning Graphic Design and 3-D in Curricula’s Theories 

In order to be able to create digital graphics, including 3-D, developers and students must 

learn how to use graphics applications. There are a variety of theories that can be applied in 

teaching and learning arts that include graphic design and 3-D models, designs, and animations, 

as well as how to use 3-D models and animations in science learning. The targets of this study 

were middle school’s students.  

Theory of Multimedia Learning 

Information Delivery  

Multimedia is a tool to deliver learning information. It helps learners add information to 

their memories. However, the effect of multimedia comes from its instructions and there is no 

different effect between animations and text words, if they are present in the same way (Mayer & 

Moreno, 2002). Gardner (2000, 2004) agreed with these two researchers that the best way of 

delivering information to the learner should be considered according to the learners’ preferences. 

However, “multimedia presentations should result in better learning than single medium 

presentations” (Mayer & Moreno, 2002, p. 91). 

Cognitive theory. Where multimedia learning suggests three assumptions that indicate 

how learners benefit from multimedia presentation, these three assumptions are outlined by 
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Mayer and Moreno (2002) as (a) “dual-channel assumption” (p. 91), which claims that 

individuals process visual and verbal presentations differently because human have separate 

channels for each function; (b) “limited capacity assumption” (p. 91) indicates that each channel 

processes one piece of information at a time; and (c) “active processing” (p. 91) assumption 

highlights that engaging in cognitive activity causes meaningful learning to happen. Cognitive 

process includes “selecting relevant material, organizing it into a coherent representation, and 

integrating it with existing knowledge” (Mayer & Moreno, 2002, p. 91).  

Dewey’s Experience Theory 

In teaching and learning, the education system changes and improves all of the time. In 

art and science, the change is visible to everyone, especially with the growth of new technology. 

Some teachers do their work using computers and other new technologies. Indeed, teachers use 

traditional strategies and new styles, as well as new technology to improve their work. All of 

these combined help teachers change their tools and the way they look at science. Dewey 

(1938/1997) said “change is the rule” and “good teachers will use devices of art to” (p. 19) help 

learners grasp difficult subject matters, and due to that, 3-D design enhances students’ learning, 

schools should implement graphic design, including 3-D as part of science and art activities. This 

is a new movement in teaching and learning school subject matter. Dewey (1938/1997) 

indicated, “There is always the danger in a new movement that in rejecting” its “aims and 

methods” (p. 20), there are schools that still teach in the traditional way and do not believe in the 

changes that come with new movements. Also, these schools do not allow their students to create 

their own graphics and 3-D models.  

It is important to use old experiences to build new ones. Without having a sense of 

traditional art, it will be impossible to build good art, including graphics, by using new 
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technology. Technology itself does not make the art and it does not build the experience. 

According to Dewey (1938/1997), “the effect of an experience is not born on its face . . . every 

experience lives on in further experiences” (p. 27). Using 3-D models in science classes will 

expand students’ learning and increase their experiences. 

Not all students who are in the same class have the same characteristics and experiences. 

There are individual differences between them so, they should not be educated and evaluated in 

the same way. Educators should consider the students’ previous experiences and background. 

Students constantly grow in their learning ability and educators should be able to make the right 

judgments about what the students need. If educators do not correctly evaluate students’ level of 

experiences, the students’ needs will not be met and many students will not succeed. Dewey 

(1938/1997) stated that experience grows in sequences and needs freedom to grow in the right 

way. With graphic design, students have freedom and experience growth by being able to choose 

the way they practice creating design. For example, McMenemy and Ferguson (2009) stated 

when engineering students at Queen’s University Belfast used 3-D graphic design software, they 

were more successful in their electrical engineering study. Graphic and 3-D design applications 

have a variety of ways to do the same actions. Indeed, learners have the right to choose what to 

include in their designs, such as ideas, images, and texts (Dewey, 1938/1997). 

Vygotsky’s Sociohistorical Theory 

Vygotsky (1924/1979a; as cited in Gredler, 1997) indicated that there are three types of 

human behaviors: (a) historical experience that is built upon previous generation’s experience 

and practice, (b) social experience that is knowledge and information gained from other people’s 

experiences, and (c) repeated experience that is when people adopt and implement others 

experiences. Indeed, Gredler (1997) stated that Vygotsky emphasizes signs and symbols of 
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culture as main parts of understanding individuals’ interaction and their social behavior that 

illustrate the social experience. The latter include society members’ interaction with 

environments that helps developing people mental ability. Vygotsky (1977; as cited in Gredler, 

1997) indicated that humans share with animals in the way that they learn by interacting with the 

world. They use their memory of past experiences to do next behaviors. He called it 

signalization. Indeed, humans make signs and symbols of their experiences that pass through 

generations. Using symbols system, helps people learn speech, writing, computer language, 

mathematics, and musical notation, and it helps human to develop thinking processes in solving 

complex problems (Gredler, 1997). 

Learning processes of cultural development occur first with people interaction 

“interpsychological” and second within the individual “intrapsychological” (Gredler, 1997, p. 

246). It starts when people create an action with a child, and next the child interacts with the 

person. Then, the child carries this learned behavior and interacts with others, as well as the 

child’s own self.  

According to the role of auxiliary stimuli process, the child (learner) learns new symbols 

and links these with old concepts; then the child develops new relationships between the symbols 

(stimulus) and his responses to it. Finally, the child (learner) changes his behaviors according to 

the characteristics of the symbol (Gredler, 1997).  

The graphic design applications including 3-D, such as Autodesk Maya, are all about 

using symbols and signs that make an action or create objects. When users are familiar with the 

software’s icons and know their use, they can create, move, rotate, resize, connect, and animate 

the software 3-D objects. According to the “role of auxiliary stimuli,” the student learns new 

symbols (stimulus) and links them with old concepts; then the student develops new 
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relationships between the symbols (stimulus) and his responses to them. Finally, the child 

changes his or her behaviors according to the characteristics of the symbol (Gredler, 1997). For 

example, in the Maya software, students learn that the “move” icon symbol is to move objects on 

the screen. The students make a relationship between this icon symbol and how to move the 

object. The same thing is true for other icons in the software. 

Vygotsky (1930-35/1978; as cited in Gredler, 1997) stated that the zone of proximal 

development indicates that the child’s independent problem solving is improved with peers, as 

well as with adult help and guidance. The child can develop thinking ability via interaction with 

his culture and adults. Problems that the child solves with others will enable the child to repeat 

the same process of solving problems in the future. Using the concept of scaffolding, the child 

learns the basic skills of a concept with an adult’s help and guidance, and then the child masters 

these skills (Gredler, 1997). After that, a child learns new skills by his or her own experience. 

The students, with the instructor’s guidance, gain and master the basic elements of the software 

and the instructor helps the students have a sense of software symbols. At this stage, the work 

area of the software includes creation icons and navigator icons which are introduced to students 

to build their own experience with icon and actions. The instructor (adult) guides the students 

and makes sure they know what they are doing. The instructor makes sure that they master each 

icon action, then the students work on their own to create 3-D objects in Maya, and they use their 

previous experiences with the icons to try connecting more than one object to make new 3-D 

objects. Indeed, the students interact with each other while making 3-D designs, and the 

instructor is with them in case they need help. During this time, the instructor makes ongoing 

evaluations (Gredler, 1997).  
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Albert Bandura’s Social-Cognitive Learning Theory 

According to the social-cognitive learning theory, the learner observes graphics that are 

made by others, takes information from these graphics and their techniques, makes decisions 

about what to adopt from them, and then creates his/her own graphics. A major focus of the 

theory is on self-efficacy and self-regulated learning: 

 Self-efficacy refers to personal beliefs about one’s capabilities to be successful in tasks 

with novel or ambiguous elements. Self-regulated learning refers to (1) students’ 

proactive efforts to mobilize emotional, cognitive, and environmental resources during 

learning and (2) self-observation, judgment, and reaction to one’s progress. (Gredler, 

1997, p. 277).  

Graphic design and 3-D design learners know that they can succeed in their own designs as they 

see other students’ work. They observe others’ work and make judgments, then make the needed 

changes to their own work. According to modeling stimuli, the learners gain rich information and 

change designing behaviors due to observing others’ work. According to Gredler (1997), this 

transpires without the learner’s knowledge of doing it. 

Jean Lave’s Theory of Situated Cognition 

Situated cognition theory has combined behavior, thinking, and cognition in a social 

structure (Koschmann, 2011). Indeed, it emphasizes society’s activities rather than the activities 

of the individuals. Culture, activity, and context are the elements of any community in which the 

learning process happens. A community becomes similar or different from another community 

due to their sharing of these three elements. Koschmann (2011) stated that communities of 

practice are based on people who share the similar characteristics that lead them to do the same 

behaviors and learn their behaviors from each other. They share the same problems, interests, 
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and learning needs. Furthermore, due to social interaction and practice, learning occurs and the 

individuals’ unintentional learning takes place due to their activities as parts of a community. 

Teamwork influences people to observe and interact with each other (Koschmann, 2011). 

Graphic designers learn within a graphic community and interact with its members; 

instructors, peers, and clients. This interaction helps the learners build on old experiences. In the 

scaffolding theory, instructors help the learners to gain graphic primary skills in graphic design 

and then the learners build their new skills upon their experiences (Ralston, 2012). According to 

Dewey’s (1938/1997) philosophy of growth, learners’ educational growth has no end, and it 

draws a path (for the learners) toward hope. Kearsley (2003) stated that situated cognition states 

that the individual learns via his/her observation and interaction with the society that shares with 

him/her the same interests and context. The individuals learn via ongoing daily activities. Also, 

the organized subject matter that Dewey (1938/1997) mentioned is connected with the students’ 

experiences that rely on their experiences’ growth and the hope of using this in real life. The 

relation between growth and hope is that hope opens a way for students to continue to solve 

issues when they face hard problems. It makes “balance and harmony” (Ralston, 2011, p. 358) in 

the educational life. The students’ inquiry helps them shape their educational growth by 

exploring and clearing their problems. 

The Theory of Multiple Intelligences  

Gardner (2000), in his multiple intelligences theory, indicated that there are nine 

intelligences: linguistic, logical-mathematical, spatial, musical, body-kinesthetic, naturalist, 

interpersonal, intrapersonal, and existential, and all people have them in different amounts. 

However, schools should teach their students according to the differences in the students’ 

intelligence abilities. The multiple intelligences theory does not include artistic intelligence, 
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though there are intelligences that are involved in art such as spatial intelligence, music 

intelligence, and mathematical intelligence. Indeed, Gardner (2000) stated that new technologies 

that are used in instructional and educational field, such as CD-ROM, the World Wide Web, 

videodisks, the Internet, and others have shown their positive impact on students operation of 

multiple intelligences. Even if an individual “is simply typing on one’s keyboard, one can ‘think’ 

in spatial, musical, linguistic, or bodily intelligences” (Gardner, 2000, p. 33). Students’ problem 

solving, via the use of computer, makes them practice their cognitive processes (Soong, 2008) 

In education, intelligence is the power of the brain system to calculate and styles refers to 

the ways that individuals show their intelligences. For example, an individual who has a strong 

linguistic intelligence has the ability of processing language information. Indeed, he/she may 

prefer to use speech to show intelligence. However, regarding the relationship between domain 

and intelligence, a domain “refers to any organized activity in society, where individuals can be 

ranked in terms of expertise. Any occupation, any art or craft or sport, is a domain” (Gardner, 

2004, p. 2). The intelligences are not visible; but, people in a society suppose that a person uses 

at least his/her musical intelligence in singing and his/her spatial and bodily intelligences in 

dancing. Domain refers to people’s guess of intelligences that are involved in behaviors 

(Gardner, 2004). 

In addition, Gardner (2004) stated that intelligence is part of creativity and the difference 

of intelligence characteristics leads to different forms of creativity such as creativity in physics, 

creativity in politics, and creativity in poetry. Furthermore, creativity occurs upon the interaction 

of domains, individuals’ personality, and the field’s judgment. In order for a person to be 

creative, he/she should master a domain (such as art, including graphic design), which may take 

a long time (up to 10 years). The individual’s personality affects his creativity. For example, a 
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person who has sense of the art and knows how to use new technologies, such as the computer 

and graphic design software, will be more creative in designing graphics while a person who has 

no interest in art and graphics will not be creative in graphics. Finally, the society of a field 

(artists) makes judgments on the quality of a person’s creativity. Gardner (2004) illustrated that 

there are no two people who have the same amount of ability in any single category of 

intelligence. Some people have a stronger ability in one area of intelligence over another. Not all 

people have linguistic or logical mathematical intelligence ability, so schools should pay 

attention to their students who have strong intelligence ability rather than linguistic and logical 

mathematical intelligence (Gardner, 2004). People are different in their intelligences ability and 

students should be taught according to their intelligence strengths (Veenema & Gardner, 1996). 

Indeed, students with different intelligence abilities can use and benefit from graphic design 

software that includes many activities and techniques. Students in this technology build their 

learning experience by doing activities (Hanson & Shelton, 2008). For example, learners can 

view 3-D objects from multiple viewpoints or zoom in or out of the objects. This will potentially 

deepen the learning effect when the learners are actively constructing new knowledge (Huang et 

al., 2010, p. 1173). 

Technologies in Learning 

Using Technologies in Learning 

When students read specific subject matter, they remember less than they do when they 

are actually involved in activities and works that are related to the same subject matter. When the 

learning process is designed to motivate and engage students, they will have better understanding 

of the content. Technologies help in motivating and engaging students. In fact, due to the 
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technological world of today, young people are familiar with these technologies now more than 

any previous time. 

Educational institutions have adopted different kinds of technologies according to their 

purposes. Some higher education colleges have adopted Web 2.0 and 3-D virtual world 

technologies in their teaching and learning. Educators, researchers, and course designers rely on 

experimental and cognitive methods of employing 3-D virtual worlds that include 3-D 

animations, interactive 3-D animations, 3-D illustrations, Virtual Reality (VR) learning 

environments, 3-D-HOLS, and other 3-D applications. However, in teaching graphic design, 

including 3-D design, course designers and educators rely on the sociohistorical theory of 

Psychological Development (Hanson & Shelton, 2008; Huang et al., 2010; Kelton, 2008; Mayer 

& Moreno, 2002, 2007; Pfeil et al., 2009; Robbins-Bell, 2008; Soong, 2008). Indeed, Gardner 

(2000) in his multiple intelligence theory, states that in educational and instructional purposes, 

students are influenced by new technologies to use a variety of intelligences. An individual can 

think in linguistic, musical, bodily, or spatial intelligences “even when one is simply typing on 

one’s keyboard” (Gardner, 2000, p. 33).  

Students in 3-D virtual world classes enhance their learning experience more than by 

traditional learning. Stone (2009) claimed that there are existing studies that show the virtual 

worlds succeed “as learning environments in k-12 education” (p. 7). Students’ problem solving, 

via the use of computer, makes them use their cognitive processes (Soong, 2008) while they 

interact in the VR learning environment (Huang et al., 2010). This is carried out through 

animation. 

Animation “effects are most consistent with the cognitive theory of multimedia learning” 

(Mayer & Moreno, 2002, p. 97). It has proved its effectiveness on students’ educational learning 
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and understanding. Animation is a simulated motion picture that has three characteristics: 

picture, motion, and simulation. In more detail, it is a group of pictures that show objects’ motion 

in real simulation. In educational learning, animation is considered a tool. Mayer and Moreno 

(2000) and other faculty members at the University of California, Santa Barbara identified seven 

principles of how animation affects educational learning. First, students benefit less from 

narration than they benefit from animation and narration. Second, students’ benefits increase if 

text appears onscreen simultaneously with the described animation, rather than text appearing 

after or before the described animation. Third, students’ benefits increase if narration describes 

the current animation’s scene, rather than narration descriptions that do not match the current 

scene. Fourth, adding extra sounds, video, and words to the animation and narration decreases 

students’ benefits from educational animation. Fifth, students benefit less from text animation 

than from animation with narration. Sixth, students benefit less from animation, on-screen-text, 

and narration than from animation with narration. Seventh, students benefit more from 

conversational narration on animation than from formal narration on animation (Mayer & 

Moreno, 2002). Animation can be presented in either 2-D or 3-D in VR. 

According to Hanson and Shelton (2008), VR technology is new in learning and 

teaching, business, healthcare, education, communication, and science. This technology 

enhances students learning from hands-on experience. When learners interact with the 3-D 

objects from multiple viewpoints, with the ability to zoom in or out of the objects, students will 

build profound experiences of new learning concepts (Huang et al., 2010).  

3-D VR has existed since 1997 (Kelton, 2008). In education, virtual worlds have a huge 

impact (Robbins-Bell, 2008). Huang et al. (2010) explains this is because 3-D VR offers students 

a powerful 3-D learning environment that looks almost like real world experience. Indeed, higher 
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education institutions have multiple educational technologies to apply in their online teaching, 

such as “web conferencing software, Web 2.0 technologies, and three-dimensional (3-D) virtual 

worlds” (Stone, 2009, p. 2). In higher education, Kelton (2008) illustrated that there are hundreds 

of institutions that use 3-D VR, e.g., “Active Worlds and Second Life,” (p. 15) in teaching and 

learning. 

Many studies show the effects of 3-D virtual worlds on learning in higher education; 

however, little research has been conducted on K-12 grades. Because of this Stone (2009) stated 

more studies need to be performed on K-12 grades. The School of Electronics, Electrical 

Engineering and Computer Science at Queen’s University Belfast lets students create 3-D 

designs to enhance their learning in engineering and some high schools have digital art classes 

that allow students to make 3-D models (Bushweller, 1997; Gill, 2008; McMenemy & Ferguson, 

2009; Sakatani, 2005). This has a positive influence on their education. However, this creates a 

need to conduct studies to see the effects on learning when elementary and middle school 

students create their own 3-D learning environment.  

Technology’s Uses in Teaching and Learning 

Now, young people who are called the Net Generation use and see technologies as air, 

and they do not see them as complex technologies (Tapscott, 2009). Teachers should be active in 

using beneficial technologies that help instructive learning experiences and that influence 

motivation and engage students in their learning process. 

3-D in Virtual Learning 

Pfeil et al. (2009) stated that in 2009 there were more than 900,000 users in the Second 

Life technology that was established by Linden Labs in 2003. Because it enhances social 

communication and interaction using text chat and voice chat, 3-D VR is a unique environment. 
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Indeed, 3-D VR is used for entertainment, work, and learning. In learning, “80% of UK 

universities” and “300 universities worldwide” (Pfeil et al., 2009, p. 225) are present in Second 

Life. Soong (2008) reported that 3-D virtual worlds that include 3-D animations, interactive 3-D 

animations, 3-D illustrations, and interactive 3-D VR are based on computer technology. 

Students can discuss with peers, make meaningful knowledge, and have better understanding via 

their computer use. Indeed, using computers to solve problems helps students gain learning 

experience and increase their cognitive process. Instructors can learn more about students’ 

processes of problem solving because instructors are able to view the computer data made by 

students (Soong, 2008).  

In learning new skills and technology, students benefit from earlier experiences in VRLE 

when it encourages them to use imagination and immerses them in problem solving techniques. 

This increases their learning experiences, widens their imagination, and develops skills to be 

used in future learning levels (Huang et al., 2010). Also, the use of 3-D models in VRLE raises 

students’ motivation and interest in the courses’ content more than 2D virtual learning 

environments. The growth of students’ motivation and interest is due to the 3-D VRLE 

requirement of interaction, imagination, and immersion (Huang et al., 2010). Using 3-D design 

helps students learn engineering principles that include math concepts, and then they design and 

apply these principles. Indeed, 3-D animation affects the students’ abilities to improve their lack 

of engineering information (McMenemy & Ferguson, 2009). 

Stone (2009) articulated that medical students are motivated and their work improves 

when learning the content in 3-D virtual worlds’ labs. 3-D virtual worlds are also more effective 

than 2D virtual worlds in teaching science. In 3-D VR technology, students have similar 

experiences to students in lab classrooms. Indeed, 3-D virtual labs have similar equipment to real 
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labs. Students in 3-D VR labs “engage in self-directed learning, problem-solving, and reach a 

disease diagnosis” (Stone, 2009, p. 128) the same as students in actual labs. Also, they study 

diseases in 3-D avatars that provide safe environments, and they have the opportunity to discover 

these diseases in more detail than in 2D virtual worlds. Moreover, 3-D virtual labs provide more 

samples and details about the patients if students ask. Students in these worlds interact with 3-D 

patient avatars, which react to students’ actions. Indeed, 3-D virtual labs are a solution for 

students who are not able to attend face-to-face classes. In face-to-face classes, students work in 

projects via 3-D VR and the instructors assess the learners’ work. Students have a better 

understanding of science hypotheses after seeing them in 3-D virtual worlds (Stone, 2009).  

According to Hanson and Shelton (2008) medical students use VR technology to 

practice, improve skills, and build experience in safe virtual environments, such as Minimally 

Invasive Surgery Trainer (MIST). Students know that there is no risk if they make medical 

mistakes in this environment. The MIST “system allows a surgeon to insert a device consisting 

of a slender tube, a system of lenses, and a tiny video camera through a small hole in the 

abdominal wall of a mannequin and observe the image and movements in the virtual world on a 

television screen” (Hanson & Shelton, 2008, p. 120).  

Robbins-Bell (2008) indicated that the 3-D world has characteristics that include 

persistence, where the virtual worlds are open all the time and, when a user leaves a virtual world 

or logs out, there are other users who are still interacting with the VR environment. Multiuser 

states that in order to make a good virtual environment, there should be many users to interact 

with each other. Avatars are 3-D VR characters that are customized by the users. Avatars 

identify the users to each other and carry out the user’s actions. Finally, the 3-D virtual world is a 

wide area network. Virtual worlds have no limitation on space and were open for many activities 
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(Robbins-Bell, 2008). Employing avatars and 3-D objects make virtual worlds a totally different 

learning environment than a traditional use of online courses, such as classes that use blackboard. 

Calongne (2008) stated; “Successful virtual class experiences require a blend of technology, 

tools, content, student ownership, identity, engagement, course structure, risk management, 

mentoring, feedback, and a good orientation to using the tool” (p, 38). In virtual worlds, 

students’ activities include creating the content, designing projects, engaging in social networks, 

and showing their ideas in 3-D environments. 

Creating 3-D Designs to Enhance Learning 

McMenemy and Ferguson (2009) reported that the School of Electronics, Electrical 

Engineering and Computer Science at Queen’s University Belfast benefited from 3-D graphic 

design software to develop a new way of engineering students’ learning as well as to increase 

students’ professional skills. Due to its involvement of 3-D geometry, the school chose 3-D 

computer graphic design software. In addition, 3-D animations provide great tools for showing 

geometry “and geometrically based scientific principles to students” (McMenemy & Ferguson, 

2009, p. 164) from computer science, mathematics, engineering, and natural sciences.  

McMenemy and Ferguson (2009) also stated that second year students, in the 2004-2005 

academic year, created 3-D animation as part of their assignments. Their creation of 3-D 

animations increased their familiarity with 3-D geometry and designs that are complicated and 

not easy to understand in electrical engineering. However, students at this level showed their 

concern about how to make creative designs and what technology they could use to improve 

their designs. This actually increased their participation because they started talking and asking 

about technical issues in electrical engineering, which helped to increase their professional 

experiences (McMenemy & Ferguson, 2009).   
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The students were able to create their own 3-D virtual environments, discuss them and 

describe them in written parts. Increasingly it enhanced students’ ability to evaluate their peers’ 

designs and present their work, as well as write about it (McMenemy & Ferguson, 2009). Due to 

their use and creation of 3-D animation that illustrates engineering contents, the students 

developed a real sense of engineering. Indeed, it built their professional experiences, and it 

equiped them with good practices in their engineering study.  

High School Students Create 3-D Designs in Art Class 

Gill (2008) stated that secondary school students used Autodesk Maya in art class as 

digital art. The students’ use of Maya enhanced their imagination and motivation. The literature 

review consisted of the history of art education in America. Gill related 3-D digital art’s Maya to 

Gardner’s multiple intelligence theory, cognition theory, constructivism theory, Piaget’s theory, 

Bruner’s and Vygotsky’s theories. The study demonstrated students had fun and were motivated 

using the software. Art history education was addressed as well as 2-D to 3-D. Students were 

shown how to handle new software and technology. The study suggested that further studies 

might consider wider and variant participants of socio-economic, gender, and ethnicity. Gill also 

suggested including high school female students in further studies that aim to make students 

interact with a variety of graphic software. This would allow researchers to examine the 

students’ motivations, outcomes, and learning strategies. In addition, Gill detailed that further 

research should test the students’ cognitive benefits regarding the use of the software. 

Sakatani (2005) indicated that seventh and eighth-grade students, in the San Francisco 

Bay area in 1994-96, were successful in their study due to their use of 3-D-Colaborative World. 

In 2005, Sakatani identified Alias/Wavefront, also the producer of Maya, software used to create 

and animate 3-D designs. He suggested that art teachers should be familiar with 3-D-digital art 
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and use it with their high school students. Also, they should use essay interactive software 

instead of the fully complex virtual reality that the author used. Sakatani encouraged teachers to 

use these collaborative techniques. 

According to Bushweller (1997), in a Vermont high school, students created 3-D worlds 

by using 3-D CG software from NASA, which was for advertising. The students were fully 

engaged, motivated, and excited to use the software. The school lab used Alias/Wavefront and 

students, including girls, were on a two-year waiting list to get into the class. The students used 

this software to help them succeed in their school study. For example, a student created and 

animated a spider as a mathematical expression. Another student was nearly a school dropout 

before he enrolled in this class, which helped him enjoy being a student (Bushweller, 1997). 

Two studies used 3-D CAD. Merickel (1992), in his study, used 3-D CAD with 8-11 year 

olds in a summer program. They created their own 3-D designs and manipulated them in a 

virtual reality workstation. After that, the students took group cognitive ability tests and these 

tests showed that the students’ problem-solving ability that related to spatial was enhanced. The 

second, Bertoline’s (1991) study, was about using 3-D CAD in teaching the core of spatial 

geometry. The author indicated that such tools in 3-D software helped teachers teach their 

materials in shorter times and enabled deeper understanding. 

Malinowski, Klevickis, and Kolvoord (2001) studied the benefits of using 3-D modeling 

software to visualize chemical molecules. Such software helps visually oriented students in 

manipulating graphics. The latter (graphics) helps students to easily remember molecules.  

In conclusion, learners’ experiences in graphic design and 3-D animation visibly grow 

due to their interaction with graphic design’s community, which consists of instructors and peers. 

They build new experiences upon old primary ones. Once they have mastered primary skills, 
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they go on by themselves (Gredler, 1997). They learn via ongoing daily activities (Kearsley, 

2003), and they benefit from observing artists’ and peers’ works to develop their own skills 

(Gredler, 1997). Indeed, they should not be taught according to linguistic and logical 

mathematical intelligences only. They should be taught according to their individual intelligence 

ability (Gardner, 2004). While there is no artistic intelligence in the multiple intelligence theory, 

we can rely on other intelligences, such as spatial intelligence, mathematical intelligence, and 

music intelligence, to influence art. New technologies and software influence learners to use 

multiple intelligences (Gardner, 2000). Students’ problem solving, via the use of computer, 

makes them practice their cognitive processes (Soong, 2008). They should have freedom in their 

learning that helps them with healthy learning growth. Learning via a 3-D virtual environment 

increases the learners’ experience growth, cognitive ability, and problem solving ability (Dewey, 

1938/1997). The use of this technology delivers information using multimedia learning (Mayer 

& Moreno, 2002, 2007). Finally, the use of 3-D digital art software, Maya, to create and animate 

3-D models and animations relies on Gardner’s multiple intelligence theory, cognition theory, 

constructivism theory, Piaget theory, Bruner and Vygotsky theories (Gill, 2008). 
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CHAPTER 3 

METHODOLOGY 

Research Questions 

This study was to test the effects of using 3-D modeling strategy in three groups: no 3-D 

(N3D), the control group, and two experimental groups: premade 3-D (P3D) and created 3-D 

(C3D). This was conducted in Al-Yaqobi Middle School in Alhassa, Saudi Arabia using first-

middle grade which is the seventh-grade of the Saudis’ education system and it is equal to the 

sixth grade in the U.S. educational system. There was one quantitative question in this study:  

Are there significant differences applying the learning method of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and the impact on 

students’ science achievement scores?  

The three qualitative questions are 

1. How hard or easy is it for first-middle grade students to learn and use the Autodesk 

Maya software?  

2. How long, on average, does it take the first-middle grade students to be able to use the 

basic levels of Polygon and Animation components of the Autodesk Maya software?  

3. What level of work quality is affected when first-middle grade students use the 

Autodesk Maya software? 
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Null Hypotheses 

There is one null hypothesis involved in the study:  

There are no significant differences to student achievement scores in science when 

studying the solar system while using the 3-D model strategies in science class.  

This null hypothesis included the following subheading: 

1. There are no significant differences to student achievement scores in science when 

answering multiple-choice questions while studying the solar system while using the 3-D model 

strategies in science class. 

2. There are no significant differences to student achievement scores in science when 

answering critical-thinking questions while studying the solar system, using 3-D model strategies 

in science class. 

3. There are no significant differences to the C3D students’ achievement scores in science 

when answering critical-thinking questions while studying the solar system according to their 

completion of the science of the solar system project in science class. 

4. There are no significant differences to the C3D students’ achievement scores in science 

when answering multiple-choice questions while studying the solar system according to their 

completion of the science of the solar system project in science class. 

The null hypothesis states that there are no significant differences on students’ 

achievement scores, from either answering multiple-choice and critical-thinking questions, in the 

science of the solar system across the three student groups’ use of 3-D models strategies in 

science class: students do not use any 3-D designs in learning science, the students use 3-D 

designs that are made for them in learning science, and the students make their own 3-D designs 

as part of their science learning and across the four groups of the C3D according to their science 
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3-D project completion: did not start the project, did not complete it, created it without 

measurements, and completed the project.  

Instructional Materials and Computer Software 

Autodesk Maya 

To learn how to use the software, users use a variety of tutorial strategies, such as videos 

and books on the Internet, as well as book tutorials including the Autodesk tutorial books. 

However, the target students learned the software using a handbook tutorial that I made to 

illustrate the software in an easy to understand way. 

Maya’s instruction script. I  (Maya’s instructor) presented Maya’s materials to the 

students in a sequence that helped the students to build their 3-D design skills. I applied the 

following process of teaching how to use Maya and I might repeat introducing one aspect as 

needed. A component that was introduced in the first lesson of the training would be used 

everyday in creating projects and I emphasized important skills meanwhile. A lesson might be 

covered in one day or several days. I taught the students a new lesson when they practiced the 

previous lesson. 

Lesson 1. I presented the layout of Maya and showed the students Maya’s main menus 

(polygons, animations, and surfaces), panels, shelves, channel box editor, attribute editor, and 

timeline panel. I provided an example project to show the students how to navigate Maya’s 

layout and asked the students to practice the introduced skills. I opened the example project that 

had four vases. The project was animated that showed a vase falling from above the other vases. 

This vase hit the three vases and forced them to change their positions. I showed the students 

how to use the shortcuts key “space bar” or an icon that was located in the left side of the Maya’s 

layout to shift between the four scenes (perspective, top, front, and side). Also, I explained that 
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to focus on an object the students needed to use shortcut key “F.” The students were told to use 

the computer mouse’s buttons and “alt” key to control Maya’s scenes, zoom in and out, rotate 

out and around the object, dolly (shifting left-to-right, up and down, in front of the object), and 

use icons or shortcut keys (W, E, and R) to change an object’s position (move, rotate, and scale). 

I showed the students how to create polygon primitives (cube, sphere, cylinder, cone, torus, 

prism, and pipe) using icons that were located on the polygon’s shelf and how to show an object 

on wireframe (wireframe is a way of displaying the 3-D mesh in Maya without showing colors, 

textures, or lights. Wireframe mode shows the model as edges and vertices. It is faster to work in 

wireframe mode rather than shade mode) and shading modes (using shortcut key number 4 and 

5).  

Lesson 2. I allowed the students to repeat what they learned in previous lesson using the 

example project. I asked them to select a vase then moved, scaled, and rotated it using icons 

(move, scale, and rotate) and shortcut keys (W, E, and R). They also were asked to track 

occurred changes in the channel box to the three axes (X, Y, and Z) due to moving, scaling, and 

rotating the object. Then I showed the students how to change the object’s position by changing 

the three axes’ values in the channel box for each of translate, rotate, and scale options. I taught 

the students how to create polygon primitives (cube, sphere, cylinder, cone, torus, prism, and 

pipe) using the polygon’s shelf.  

Lesson 3. I started working in the first project that was about creating chairs and tables. 

First, I asked the students to create a cube and use the channel box to change the scale Y value 

from 1 to 10. This was the chair’s first leg. The students moved it from the scene’s center. The 

students were asked to create another cube and use the channel box to change the height option 

to 10. They moved the chair’s second leg from the scene’s center. I illustrated to the students 
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how to create the chair’s third leg by creating a new cube and use the cube’s vertexes to shape 

the leg. Using the command “command + D” the students duplicated one of the chair’s legs to 

have the fourth leg. Then, the students moved and arranged the four cubes before they created 

the chair’s sitting plate. They duplicated the latter plate and arranged it to be the chair’s back. 

Finally, the students parented the chair’s cubes to its sitting plate using the shortcut key P (parent 

is a command, within the software, that connects a polygon or more [child] to another polygon 

[parent]. The parent controls the child). I showed the students how to assign colors and image 

textures to the chair’s parts using the attribute editor. The students were introduced to how to use 

transparence option. 

Lesson 4. I taught the students how to model a chair using one cube. After creating a 

cube, I used the channel box to assign a value of 10 to scale X and scale Z and assign a value of 

6 to subdivisions width and subdivisions depth to shape the sitting plate. Then, selecting face 

option to select four corner faces that were located at the bottom of the cube to use extrude 

option. I extruded these four faces to shape the chair’s four legs and then extruded six top faces 

to shape the chair’s back plate. The students used the attribute editor to assign colors and textures 

to the chair and duplicated it into four. The students applied these skills to create a table and a 

room.  

 In the surface menu bar, I showed the students how to create curves and revolve them to 

have a variety of shapes, such as cups, vases, jars, and more. In the animations menu bar, the 

students recorded simple animations in which chairs moved toward a table and they discovered 

Maya’s timeline panel. The students moved the timeline’s point to frame number 1, selected a 

chair (which was far from the table), and clicked on shortcut key S to record the chair’s 

animation value. Then, they moved the timeline’s point to frame number 60 and moved the chair 
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toward the table and clicked on the shortcut key S again to record the chair’s new animation 

value. Now, the students played the animation using the play icon.  

Lesson 5. Working in the solar system project, I illustrated that the students needed to 

work in the animation menu bar. I created a sphere and used the channel box to rename it “sun” 

and change its radius with a specific value. Using the attribute editor, I asked the students to 

assign a texture to the sun and use glow option to assign sunglow. I showed that they needed to 

make simple animations where the sun rotate around itself by changing rotate Y value and using 

shortcut key S. Then, I showed them how to make motion cycle where the sun keeps rotating. 

From animation editors, I used trax editor to create an animation clip for the selected object 

(sun), name the clip, and assign start time and end time value. I told the students to create a 

sphere, assign radius and texture for each planet, and then attach it to motion path around the 

sun. To attach a planet to a motion path, the students needed to create a circle with a radius’s 

value that was similar to the distance value between the planet and the sun. Then, the students 

needed to select both the planet and the circle and from the animation menu, go to motion paths 

and select attach to motion path. In the motion path editor, the students needed to assign start 

time and end time value for the planet to move around the sun. Now, the students were able to 

repeat the motion cycle’s process to keep the planet move around the sun. I showed the students 

how to use the hierarchy editor to arrange the project, parent, unparent, and rename the objects. 

A planet was parented to the sun and the planet’s moons were parented to the planet. The 

students were given information to use in creating their projects. 

Lesson 6. In order to present the students’ work, they needed to learn how to create 

additional cameras and lights and render their work. To create a camera, the students were asked 

to use the main menu, select create, and select camera. To create a light, the students were asked 
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to use the main menu, select create, and select light (there were a variety of lights that the 

students can select from). The students could control the cameras and lights using the hierarchy 

editor and the attribute editor. To render the students’ work, they used the render-sitting window 

to adjust the work’s quality, size, time, and location to where to store the final file. The students 

selected the type (image or video) of the final work.  

Science curriculum. The study aimed to measure the effect of 3-D models on Saudi 

Arabia first-middle grade science learning of the solar system. Indiana’s sixth-grade science 

curriculum includes the solar system. There are similarities between the Saudi Arabian and 

Indiana’s science curricula in this science topic. In this study, the students were taught the Saudi 

Arabia first-middle grade science curriculum of the solar system in spring of 2014. I provided to 

the science teacher 3-D animations and 3-D interactive models and he used them in teaching the 

two experimental groups: premade-3-D (P3D) and create-3-D (C3D).  

Instruments, Research Materials, and Records 

In the Preparation Section 

Video recording. Since I was the 3-D instructor, two cameras were used to record the 

students from different angles so as not to miss anything while teaching, as well as to record the 

activities of this period. The video recording helped me to see my behavior as a 3-D instructor, 

as well as the students’ reaction to the teaching. The video recording also helped to observe the 

students while they performed the activities and I kept journals to transcribe what happened in 

this training session. When I helped them perform their activities, it was a chance to assess their 

abilities, feelings, and willingness to learn and create 3-D designs. It showed the students’ 

behaviors while using the Maya software. I looked at the recording to see if the 3-D designed 

media encouraged students to ask more questions when compared to those students who did not 
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use Maya. In addition, what kind of questions did students ask? How did they solve science 

problems encountered when creating 3-D objects? What kinds of Maya’s tools were more useful 

in solving science problems?  

The video recording was for the C3D group, which included 27 students, and it was 

obtained for this research purpose only during the 3-D training section. It was during the training 

section that occurred in the art class during a period of six weeks and it was used throughout the 

science-teaching period that occurred during one week. The science-teaching section included all 

the students from the three groups. Also, it was used to record the interview section. The 

interview recording included all students in C3D group and the art and science teachers to 

capture their answers and attitudes during the research. The interview occurred once for each 

participant for about 20 minutes each.  

Rubric evaluation. The C3D students’ ability of learning and using Autodesk Maya to 

create and animate 3-D models was evaluated by using a rubric (See Appendix I). The rubric 

form tested the students’ ability to use the 3-D software and understand its concepts and terms, 

as well as to measure the quality of the students’ work. It was applied while the students worked 

with Maya to create 3-D objects and media in the school’s computer lab. This form was used two 

times. The first evaluation was after completion of the first 3-D project which was about 

modeling a room that included a table,  carpet, chairs, and hanging pictures. There were no 

specific measurements to apply in the students’ 3-D models. The second evaluation was after 

completing the science 3-D project of modeling the solar system. The students were required to 

follow real measurements of the solar system. This evaluation was obtained for research 

purposes only.   
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In the Posttest Section: 

Solar system test. Since Saudi Arabia’s first-middle grade science curriculum is similar 

to Indiana’s science curriculum of teaching the solar system in sixth-grade, the three groups (25, 

27, and 28 students) were tested in the science of the solar system using a translated version of 

the review of the science part of the Indiana Statewide Testing for Educational Progress Plus 

(ISTEP+) program (Houghton Mifflin Harcourt, 2011, p. 89-94; See Appendix H). It was a one-

time test and it took 45 minutes. The three groups were tested in the same place at the same time. 

The outcome data from this test was for research purposes only.  

Interview 

Student interview. The 27 students in the C3D group were interviewed about their 

experiences in learning the 3-D software and how it helped them understand science (See 

Appendix J. 1). It was a one-time interview and the students were interviewed individually in a 

private room in the school. The whole process of interviewing students occurred after they had 

completed the 3-D training. The interview took about 20 minutes for each individual student to 

complete. The interview process was done at the end of the research activity. The outcome of the 

data from this interview was for research purposes only. 

Art teacher interview. The art teacher was interviewed about his students who were 

involved in the C3D group after they completed the 3-D training (See Appendix J. 3). This 

interview sought to retrieve information about the students’ experience in digital art and how it 

solved problems relative to the school’s art curriculum. This was a one-time interview and it took 

about 25 minutes to complete. 

Science teacher interview. The science teacher was interviewed about his students who 

were involved in the C3D group after they completed the 3-D training (See Appendix J. 2). The 
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data from this interview sought to acquire information about the students and his personal 

experience using and creating 3-D media and how it helped solve science problems.  Were the 

students in this group equipped with new knowledge that allowed them to understand science 

concepts better than his students who were not involved in this group? Also, the interview 

questionnaire (see Appendix J. 2) sought to obtain the science teacher’s thoughts of including 3-

D activities in his class. This was a one time interview and it took about 35 minutes to complete. 

Posttests. Students were tested on science materials using a translated version of the 

review of the science part of the ISTEP+ program, which is used in Indiana Science Fusion Holt 

McDougal: Assessment Guide Grade 6 (Houghton Mifflin Harcourt, 2011, p. 89-94; See 

Appendix H). This book was the teachers’ version to be used to assist students in classrooms. I 

contacted the Houghton Mifflin Harcourt Publishing Company to get permission to translate it 

and to use the Indiana science curriculum of the solar system (sixth-grade) ISTEP+ part. I 

received their permission to use the above assessments in my dissertation. (See Appendix A. 1). 

Validity and reliability. The Indiana Science Fusion Holt McDougal: Assessment Guide 

Grade 6 textbook (Houghton Mifflin Harcourt, 2011, p. 89-94; See Appendix H) is used in 

Indiana schools to assess the students. I contacted the publisher to get the validity and reliability 

information that was related to the solar system in sixth-grade. However, the company does not 

have information about the validity and reliability, and I received an email from the company to 

address this part (See Appendix A. 1). 

Implementation Procedures 

Variables  

This study involved four variables: two independent (IV) and two dependent (DV). The 

first, the independent variable was the use of 3-D modeling strategies in first-middle grade 
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students’ science classes in Al-Yaqobi Middle School in Alhassa, Saudi Arabia. This 

independent variable had three levels: (a) N3D group where the students did not use 3-D design 

in their science learning, (b) P3D group where the students used premade 3-D design in their 

science learning, and (c) C3D group where the students created their own 3-D design in their 

science learning. The second IV, science 3-D project only dealt with number 3 above: (a) did not 

do any part of the project, (b) started the project but did not complete it, (c) did the project 

without following measurements, and (d) completed the project without animations. The two 

dependent variables (DV) were related to the students’ science achievement scores where the 

posttest included two parts, multiple-choice questions and critical-thinking questions. The first 

DV was the students’ science achievement scores from answering multiple-choice questions. The 

second DV was the students’ science achievement scores from answering critical-thinking 

questions. 

Process of the Study 

The participants in this study were all first-middle grades students at Al-Yaqobi Middle 

School in Alhassa, Saudi Arabia. The school has three, seventh grade classes that included 27, 

28, and 29 students. However, in this study there were 25, 27, and 28 participants in the three 

groups; 72 students ages were between the ages of 12 and 13, one student was 11 year old, four 

students were 14 years old, and three students were 15 or 16 year olds. The students lived in 

Alrumailah, a village in Alhassa, Saudi Arabia. The students speak Arabic. The study was 

conducted in the second term, spring, of the academic year 2013-2014. The school divided the 

students into three classes according to their grades from the previous year, sixth-grade. I 

randomly divided the three classes into three-research strategy groups: the control group, N3D, 

and two experimental groups, P3D, and C3D. The C3D consisted of four separate groups: did not 
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do any part of the project; started the project, but did not complete it; did the project without 

following directions; and completed the project without animations. These four groups were 

created because when I asked this experimental group (C3D) to create a 3-D project of the solar 

system, the students’ responses separated them into these four groups. The school’s teachers (art, 

science, and computer technology) helped me conduct the study in their classes and laboratory. 

Since the study was conducted in Saudi Arabia’s schools, where male and female students go to 

different schools and are not allowed to interact with the other sex, I had no access to female 

students for this study. Thus, this study involved male participants only.  

Main Experiment 

This experimental study included three parts: preparation, treatment, and testing. Each 

part occurred at a different time. 

Preparation of the Study 

At the beginning of the study (Weeks 1 through 6), the three strategy groups (C3D, P3D, 

and N3D) attended their science classes with the same teacher who taught them the same 

curriculum in the same way (I did nothing in science class). During the preparation time, I 

worked with the C3D group only and taught and trained the students in this group how to create 

and navigate 3-D designs, models, and animations in Autodesk Maya. The training section was 

held in the school’s computer lab during art class time that met 90-minutes, once a week. The 

school’s administration provided free classes to me to use in the training section. In the free 

classes, the target students had no activity because of a teacher’s absence. Because of this, I had 

an extra class or two a week. The students learned how to navigate the Maya layout and control 

the scenes, create cubes and spheres and apply changes to them, texture objects, animate objects, 

record animation, and render the animation. The process of training took approximately six 
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weeks and the students continued practicing on Maya during the week of the treatment’s session, 

when they were taught the science lesson. The computer technology and art teachers were 

present during the training time. 

I used two cameras to record the students during training time so the process was 

documented. The video recording helped monitor me and the students’ reactions to the software. 

I observed the students creating activities on Maya and kept journals. When the students did their 

models, it was a great chance to identify student’s abilities, feelings, and willingness to learn and 

create 3-D designs. Observation also showed how students’ 3-D creations helped them 

understand science problem solving as they asked questions and discussed their findings. All of 

the class activities were documented by keeping journals and video recordings. 

Treatment of the Students 

The three groups, during one week, attended the science of solar system lesson that was 

taught by the same science teacher who treated them equally. The science teacher used the Saudi 

Arabia’s first-middle grade’s (seventh-grade) science curriculum in teaching the three classes. 

However, the C3D and P3D groups took the science lesson at different times in the computer lab. 

The science teacher included 3-D animations about the subject matter in his teaching and the 

students were allowed to interact with the 3-D animations as class activity. Due to the computer 

lab only having 16 computers, combined with 27 students, some students had to pair up on a 

computer. They discussed with peers and asked questions. The P3D group took regular 

homework, but the C3D group was asked to create 3-D models and animation during art class 

time and within the science class. The students, who were in team groups, were allowed to 

discuss and help each other, as well as help other groups’ members. The N3D group members 

took the science lesson in their classroom and did regular homework. The science of solar system 
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teaching and learning took place during the seventh week of the study. I observed the three 

science classes, kept journals, recorded videos, and made notes of the students’ different reaction 

to the three types of teaching and homework activities.  

Posttest 

The three groups were tested on the same day at the same time in the same place during 

the eighth week of the study. The posttest was to test the students of the science lesson only 

using a translated version of the review of the science part of the ISTEP+ program.  

Interview 

At the end of the study, the students and the art and science teachers were interviewed 

about how the students’ use of 3-D media helped them in their learning concepts of science, as 

well as concepts of digital art. The interview questionnaires sought to explain the students’ 

ability to learn the 3-D software and apply it in science learning (See Appendix J). The data were 

saved for analysis. 

Data Collection and Analysis 

Data collection procedures. In quantitative methods, data were collected from the 

posttest, and in qualitative methods, data were collected from interview questionnaires, journals, 

and video records. In recording, the data were identified by numbers. To number the students, I 

created a list and randomly assigned numbers to them. To ensure that no one can decode these 

numbers, a table of random numbers was used. The students’ names and numbers were saved in 

a bank’s safety deposit box. The participants’ informed consent documents were saved in the 

safety deposit box as well.  In storing data, the video tapes were saved on an external hard drive 

that only I has access to. The external hard drive allowed me to take it with me from home to 

school, and there was another external hard drive that I kept safe at home, in a locked, metal 
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compartment, to back up the data to make sure no data were lost. Both of the external hard drives 

were password protected. No data were kept at the school overnight.  The posttest results, as well 

as the journals, rubric evaluation, and interview questionnaires, were saved on this external hard 

drive. I collected the posttest papers and graded them according to an answer sheet. When the 

research was completed, the digital data, including the video recording, were saved on the 

external hard drive and the hard copies were saved in a folder. Both the external hard drive and 

the folder were saved in a locked, metal compartment until the data were analyzed, and then they 

were moved to the bank’s safety deposit box to be kept for three years from the date of 

information collection, and then will be privately destroyed. No one can access the data except 

me.  

Subjects were videotaped to record the training session, the treatment session, and the 

interview session. The access to tapes was authorized to me only for journal keeping purposes. 

The video recorder data were loaded from the cameras’ memory cards to the external hard drive 

on the same day that the video was taken and the data were saved in a locked, metal 

compartment for three years from the date of collecting the information.  After that date, the 

videos will be destroyed, with an academic witness present from the participating school in the 

research project. 

Experimental method of analysis. In the quantitative method, the null hypothesis, 

which included three variables: 3-D model strategy (independent); science achievement scores 

from answering multiple-choice questions (dependent); and science achievement scores from 

answering critical-thinking questions (dependent), was examined using the one-way ANOVA 

test. The three levels of the independent variable, C3D, P3D, and N3D, were tested to see if they 

met the one-way ANOVA’s assumption of normality and homogeneity of variances in each 
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dependent variable. In testing normality, the Shapiro-Wilk test was applied with an alpha level of 

.05 then the Levene test was applied to see if there were significant differences between the three 

group variances in homogeneity. Then, the observed F value was reported for each dependent 

variable. Tukey’s honestly significant difference (HSD) post-hoc comparisons were applied to 

the dependent variable, C3D, that showed significant differences across the three groups 

(independent levels) to compare between the three groups of the 3-D model strategy and find 

which groups were significantly different from each other.  

The C3D group members then were divided into categories according to the work in the 

final project that was about creating and animating 3-D models of the solar system. The 

categories were: (a) students who did not do any part of the project, (b) students who started the 

project but did not complete it, (c) students who did the project without following the real 

measurements, (d) students who completed the project without animations, and (f) students who 

completed the project with animations. However, because none of the students had completed 

the project with animations, Tukey’s HSD post-hoc comparisons were applied to compare 

between categories 1-4 to see how completing the science 3-D project affected the students’ 

science achievement scores.   

Descriptive method of analysis. As part of the descriptive analysis, after collecting the 

data, they were coded and put into themes. The data described the behavior of the students 

toward learning the software and the level of difficulty they faced. Also, it addressed the ways 

the students used to learn the software, the students’ reaction to the software’s tools, actions they 

did, and the software output. It considered the amount of work, learning the software, and 

completing the science assignment, made by the students within the available time.   
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Ethical/Human Subjects Concerns  

First, I emailed the Department of Education and Learning, Department of Instruction 

and Development Educational Researches in Alhassa to ask for approval to conduct the study at 

Al-Yaqobi Middle School. After I got the approval, I contacted the school’s administrator who 

gave him approval, and the school’s administrator provided me with some information about the 

school and students, such as the number of students, age of students, number of classes, number 

of computers in the lab, and the school’s process of dividing the students among classes (See 

Appendix A. 2 to A. 5). The art, science, and computer technology teachers were interested in 

conducting the study in their classes. The computer technology teacher’s part was to allow 

carrying out the research in his lab.   

On December 2, 2013, the Indiana State University Institutional Review Board (IRB) 

approved the research study (See Appendix A. 6). I gave a presentation that explained the 

study’s purpose, procedures, benefits, and risk to the art and science teachers who were given the 

Informed Consent form to sign. Then the Informed Consent Parental Permission (Exhibit F) was 

obtained from parents (See Appendix B). Each group of students’ parents (C3D, P3D, and N3D) 

had different forms according to their child’s part in the study. These consent forms were sent 

home with each student. I was available at school to answer parents’ questions by phone or face-

to-face. Parents signed the forms and sent them to school with their children. Finally, I held three 

presentations that explained the study’s purpose, procedures, benefits, and risk to the students. 

According to their part in the study, each group of students (C3D, P3D, and N3D) had a different 

presentation. After I got the parents’ permission, the students had free time to ask questions and 

review the forms before the Informed Consent Child Assent (Exhibit H) was obtained from the 

students (See Appendix C).  
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Parents and students were informed that if a parent refused to include his or her child in 

the study, the child would not be included in the study and would not be given the informed 

consent form. Also, if a student refused to be in the study, after his parents allowed him to 

participate, he would not be included. After signing the informed consent form, the parents could 

withdraw their child from the study by either telling me face-to-face, emailing me, or calling me 

by phone, and the child could withdraw himself by either telling me face-to-face or calling me by 

phone. They would then be placed in the class that was not receiving the research materials. The 

consents were saved in a bank’s safety deposit box.  

Risk and Benefit 

Risk. Risk comes from the possibility of breaking the participants’ confidentiality and 

comfortableness. The likelihood of risk comes due to the study’s procedures of 

recording/collecting and transferring data, and, because of this movement and transferring, the 

participants’ confidentiality cannot be 100% guaranteed. However, every possible risk was 

minimized. Serious risk is due to the possibility that participants might be uncomfortable during 

the study’s procedures or become embarrassed when answering some questions or doing 

activities. However, the possibility of likelihood, confidentiality, and serious risks (being 

embarrassed and uncomfortable, due to participating in this research) were not greater than 

minimal risks which might be faced in daily life.  

In this research, the likelihood of risk that comes from a breach of confidentiality was 

reduced because I used a password that saves data on an external hard drive and I removed it 

each day so that only I could access the data. I also created a backup drive to guarantee no data 

was lost, thus preventing the data from being accessed. Also, the seriousness of any risk was 



 49	  

limited because participants were able to choose what questions to answer and they had freedom 

to withdraw from the study at any time. 

Benefit. Students in the C3D group benefited from learning how to use Autodesk Maya 

software to create and animate 3-D models and apply their design learning to their science 

learning. Also, the C3D and P3D groups learned the science of the solar system lesson using 3-D 

media as reinforcement to traditional classroom teaching only. After it showed evidence of 

success to train middle school students in Saudi Arabia on how to create 3-D modeling and 

animation in art class to influence and aid their student’s science learning, the educational 

society may apply this study. 

Regarding society’s benefits from the study, this study helps improve and develop the 

science curriculum. Indeed, the art curriculum is affected as well. The success of this study may 

open the way to consider the impact of 3D modeling on other school subjects, such as 

mathematics, art, and geography. When the students start using graphic design, including 3D 

software at a young age, they develop and enhance their creativity and skills. The success of this 

study, and its applications, can provide the community with skillful young designers and increase 

awareness illustrating how graphic design and the new 3-D technology can increase learning. 

Benefit versus risk. Developing a valid science curriculum that allows students to use 

new technology, as well as encourages them to be critical thinkers and equips society with 

skillful young designers, is worth the minimal risks that might come from breach of 

confidentiality. 3-D technology is new to higher education and its effectiveness in improving 

learning has great potential. Starting to use 3-D technology in science teaching, and learning at 

this time, will enlarge 3-D usage and improve 3-D technology as well.  
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CHAPTER 4 

FINDINGS OF THE STUDY 

Qualitative Research Questions 

There were three research questions: 

1. How hard or easy is it for first-middle grade students to learn and use the Autodesk 

Maya software?  

2. How long, on average, does it take the first-middle grade students to be able to use the 

basic levels of Polygon and Animation components of the Autodesk Maya software?  

3. What level of work quality is affected when first-middle grade students use the 

Autodesk Maya software? 

Qualitative Description 

In the qualitative analysis of this research, I was the instructor who trained the C3D 

group’s students in how to use Maya software. I video recorded the participant students, and kept 

a journal of their learning behavior. Then, the three groups C3D, P3D, and N3D learned science 

of the solar system as follows: the science teacher taught the C3D and P3D groups’ students 

using 3-D media and taught the N3D group’s students in the traditional way. In teaching the 

N3D group, the science teacher gave presentations and used the class’s writing board to outline 

the science topic and draw images of the sun, earth, and moon. In his presentation, he also gave 

more examples to explain the same subject matter to achieve the same learning objectives that 
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the C3D and P3D groups achieved using 3-D media. While the C3D group students created a 3-

D model of the solar system, the other two groups had regular homework. The three groups were 

tested in science about the solar system.  

Description of Site 

The C3D’s training session was conducted in the school’s lab on the second floor in Al-

Yaqobi Middle School in Alhassa, Saudi Arabia. Training occurred during art class that met for a 

90-minute period, once a week. The art class met on Monday at 7:15 AM. The lab had 16 

computers and each one had its own table and chair. The tables and chairs had wheels. There 

were additional wooden chairs in the center of the lab and students used them if when they had to 

pair with a partner to use a computer. There were six computers along the left wall, six 

computers along the right wall, and four computers along the back wall of the lab. The lab’s 

server was in the middle between the four computers on the back wall. The teacher’s desk was 

located along the front wall, and a projection screen hung from the ceiling. The lab’s door was 

on the left wall. The computer’s operating-system was Windows 7 and the software, Maya, was 

the 2013 version. This was used for the research project. See Figures 1 and 2. 

	  
Figure 1. The school’s computer lab back view. 
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Figure 2. The school’s computer lab front view. 

 
Students Familiarity Using Computers and Video Games 

A majority of the participating students (n = 23, 85.2%) reported that they played 3-D 

video games, 19 participants used the computer’s applications for social activities (70.4%), 15 

participants were familiar with graphic software, such as Painter and Photoshop (55.6%), six 

participants played video games but did not use computers (22.2%), and two participants (7.4%) 

reported they neither played video games nor used a computer at home.  

Participant 103 said, “I knew Maya before the study and I am familiar with 3-D because 

of the 3-D games that I play,” and he added that he used to take photos and use Photoshop, but 

he said, “Maya is easier in learning than Photoshop and Maya is easier than Photoshop when 

designing.” However, he added, “Microsoft Word is easier because it is only about using words,” 

and Participants 165, 158, 185, 183, and 184 agreed with Participant 169 who said, “In 

controlling the scenes, video games are easier than Maya because in video games I use buttons 

on the hand-control.” However, Participants 184 and 185 indicated that Maya allows users to see 

larger views of an object than video games do.  
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First Day Experience 

On day one of the training session, January 27, 2014, the 27 participating students came 

to the school’s computer lab, which included 16 computers; some students had to pair up on a 

computer. When students came to the class, the computers were running, and the Maya 

application was shut off. The students seemed excited, and they were interested in learning and 

using the software. I, who was the instructor, showed students important shortcut keys that they 

would use with the software. Most of the students opened the Maya software before I told the 

participants to do so.  

Furthermore, in working on Maya, I taught the students how to use the software’s layout 

step-by-step and the students experimented with these steps; however, most students discovered 

these steps before I illustrated them. This behavior showed how much the students were excited 

and motivated to use the software. After each new learning experience I taught, the students 

discovered it on their own and explored Maya’s icons to create 3-D polygon primitives and to 

change the polygon position. Some students “messed up” their own designs by using icons which 

I had not explained to them. This showed the students’ curiosity and they learned from hands-on 

experience. The students were connecting actions by using Maya’s icons with their own 

background experiences. The students showed that they liked the software and wanted to learn 

more. Participant 183 said, “This software is enjoyable. I want to continue using it” and when I 

asked him if he could work on Maya for a period of three classes in a row, he replied, “yes.”  

The Maya software caught the students’ attention and it was hard for me to draw their 

attention to my teaching, so I locked their computers from the instructor’s computer. The 

computers were connected to the instructor’s computer, which allowed me to control them, as 

well as to see what was on their screens.  
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A few times, the students came in two different groups and each student worked on a 

computer. When students were in smaller groups, they seemed to be more focused on the 

teaching and it was obvious that they enjoyed the work. However, they liked working on the 

software more than listening to my directions and I had to lock their computers. This was done 

so I could show them new actions before they experimented by themselves. While they paid 

attention to the teaching, each time I locked their computers most of students expressed their 

annoyance and they wanted to continue working. Once the presentation was completed, I turned 

on the students’ computers so they could begin working. It was during this time that I provided 

some students one-on-one instruction. 

Technical and Learning Problems 

Most of the students faced technical errors that required my help. These technical errors 

were computer freezes, feature errors, or glitch errors. Computer freeze was when a computer or 

Maya did not respond to the users’ command and the individual computer had to be shut down to 

resolve the error. Feature error was when the software did not do what it was supposed to do, 

when using an icon or a command. Glitch error was when some of Maya’s shelves were hidden 

(a shelf is a menu bar which includes Maya’s icons. There is a shelf for each individual of the 

Main Menu bars: polygons, animations, surfaces, dynamics, rendering, and ndynamics. Maya 

users can customized the shelves). Some students got lost within the software while performing 

certain skills: not using the right commands, clicking on a key in the keyboard that changed the 

scene’s view, or using a different icon that they were not supposed to use to perform specific 

skills. Given that Maya software includes multiple menu bars and shelf panels, each one involves 

different commands and users can shift from one menu or shelf to another using the keyboard’s 

keys. Sometimes, the students mistook clicking keys that changed the polygon’s menu and shelf. 
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However, solving these errors took time from me that I was supposed to spend in improving the 

students’ design skills. This prevented the students from following the provided instructions to 

complete specific design skills.  

Also, Maya is sensitive to using an English keyboard. Some students shifted their 

keyboards from English to Arabic, and when they used shortcut key such as “F” or “P,” the 

software did not respond to their Arabic keys. In addition, due to the software’s menu bars being 

written in English, most of the Arabic-speaking students were confused between the open and 

save options. One of the main problems at the beginning of the training session was that when 

students launched Maya, it created a new project. Students were supposed to click the file tab, 

then open, and then find the existing projects they previously saved. However, in the students’ 

confusion, they would click “save,” find the preexisting project, and then once they clicked on its 

name, they would save an empty project over their original projects, thus erasing the actual 

project on which they had been working. Participant 145 said, “I do not know where my projects 

are saved and sometimes I found my projects to be empty!” This was due to the aforementioned 

problem. These technical errors caused problems for the students, as well as to the teaching and 

learning process.  

Participant 103 reported that the most common technical problems that he faced were 

glitch and feature errors. Participant 178 reported freezing as a common problem, and Participant 

185 said, “My machine always freezes.” Participant 185 said, “Sometimes, there were glitch 

errors on my computer.” However, some students faced problems because they misused the right 

commands. Participant 185 also said, “I always get the same error when parenting two objects. I 

clicked on shift + P while the correct procedure is click on P only” and Participant 145 said, 

“There was an error when I assigned texture to the sun; all planets and moons took the same 
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texture.” Indeed, when creating new polygons they appear in the center of the project and it is 

assigned a zero value on the X, Y, and Z axes. This made it difficult for the students to find their 

new objects when they worked at some distance from the center of the screen. Participant 185 

said, “When I created a new planet, it occurred far away from the planet that I was working 

with.” 

The participating students did not speak or understand English; however, when I 

demonstrated the effects of using Maya’s commands, they were able to associate commands with 

symbols; therefore there was no need to know the definition of these commands. The students 

recalled these commands when they needed them. They saw the effects of using a Maya icon or a 

command, they connected the effect of the icon or the command with their old learning 

experiences such as moving, and then they used it in their new modeling skills. However, 

because Participant 148 was confused between “open” and “save,” he stated that he had 

problems in saving his work and he saved an empty project which overrode his old project. 

Many students had the same problem.  

Students’ Ways of Learning How to Use Maya 

When presenting new skills, I explained to the students how to perform a skill, and the 

students’ responses divided them in three groups: those who needed little help, those who needed 

partial one-on-one instruction, and those students who needed constant one-on-one instruction.  

First Group 

Students in this group, most of the time, were able to repeat the skill and use it in 

completing their projects. When most students said that they needed one-on-one help to master 

Maya’s skills, students in this group reported that they understood and worked immediately after 

I taught them the skill. Participant 194 agreed with Participant 138 who said, “I practice and 
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follow your instructions right after you teach us the skill” and Participant 178 said, “I easily 

grasp the command from your teaching.” Participants 157, 132, and 165 agreed with Participant 

185 who said, “Some skills were easy to do quickly; however, there were difficult skills that 

needed more time. You came to me and showed me how to do it on my computer.” Participant 

185 said, “Some skills were easy to do quickly; however, there were harder skills that needed 

more time.” Participant 116 explained that in order to master some skills, a student needs to use 

different commands and this requires one-on-one instruction. Participants 188 and 165 reported 

that they benefited from their peers. Participant 126 said, “My peer and I needed your help to 

learn some skills. However, we did other skills, such as motion path after your explanation.” 

Participants 169 and 143 agreed with Participant 145 who said, “Sometimes, I do not understand 

from your teaching and need you to show me how to work with the new knowledge on my 

computer.” 

Second Group 

Students in this group needed one-on-one help to do the skill before they applied it in 

their projects. Participant 116 agreed with Participant 183 who said, “I do not master every new 

skill from your presentation. Sometimes, I need one-on-one tutoring.” Participant 183 added, “I 

am able to master new skills faster with your help.” Participant 169 said, “I understand faster 

when you teach me using my computer.”  

Third Group 

Students in this group needed one-on-one help to do every skill that was required to 

complete the project. Students in this group stopped working when I helped other students. 

Participant 182 indicated that he needed one-on-one instruction to master any skill and 

Participant 168 agreed with Participant 173 who said, “I do not know how to work from your 
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teaching by itself. I need and I learn faster from one-on-one teaching every time.” Due to some 

students needing one-on-one instructions to perform any skill, these stopped working until I 

came to help them.  

There were students who finished current skills faster than others and provided help to 

their peers in need. The learning process was all about the scaffolding theory and from hands-on 

learning experiences. However, because I was always busy working one-on-one with students, 

there was a chance for those students who were waiting for my help, and who did not know how 

to work on the project to bother other students. They might bother their peers by moving around 

or messing up their work. Participant 185 said, “There were some students who messed up my 

work when I left my computer.” Also, due to some computers being used by two students, there 

was a chance for some students not to practice on Maya; they watched their peers working and 

bothered others when I was busy. When working with small groups of students, the students’ 

learning process was faster. There was a need to have a second instructor or assistant instructor 

in training students in using the Maya software.  

Team Work vs. Individual Work 

Participant 103 worked alone and he thought it was better than working with a team 

member. Participant 165 said, “I like to work alone because it helps me understand better and I 

want to see my own creation.” Participant 169 agreed with Participant 138 who said, “When two 

students use a computer, a student will practice and the other will only watch.” Participant 183 

said, “I have a team member, but he did not do anything; possibly because he did not know how 

to work. Working alone is better.” However, he added: “If my team member worked with me, we 

would learn faster because we could help each other.” Participant 169 agreed with Participant 

168 who said, “Individual work is better than teamwork because each one wants to work as he 
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wishes.” Participant 182 said about his team, “We help each other in working and making 

decisions.” Participant 116 agreed with 185 who stated, “My peer bothered me most of time, yet 

he helped me a few times.” However, Participant 184, who was a team member with Participant 

185, worked on the first project, but he stopped working on the science project; he said, “My 

peer knows more than me and he works alone. He does not give me a chance to work.” 

Participants 145, 173, 185, 194, and 158 agreed with Participant 186 who said, “Working with a 

team member is better. I may make errors without knowing it, but my peer may fix them.” 

Participant 126 agreed with Participant 148 who said, “If I had no team member, I would not 

know how to do much of anything. My team member has skills that I do not have and vice 

versa.” Participant 188 said, “Of course, it is better with a team member, because I do not know 

how to work alone.”  

How Did the Students Respond to Maya? 

The school’s teacher reported students in the C3D group demonstrated the worst learning 

behavior among the first-middle class students in the school. The C3D students varied in their 

responses: some liked the software, but not the science project, and other did not show interest in 

the software. 

Liked the Software 

Most of the students were interested in learning and using Maya, even though it seemed 

difficult for some of them at the beginning. The art teacher said, “Students were motivated using 

Maya and they liked it.” Participant 145 said, “At the beginning, I did not like the software, but 

when I used it, I felt it is better than video games and the school’s classes. I did things using 

Maya that I did not imagine I would be able to do.” Participant 182 said, “I enjoyed using 

Maya.” Also, many students asked for directions on how to install it on their home computers 
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and they told me that they would practice at home to improve their skills. Participant 132 said, 

“It is amazing. It allows me to create anything. For example, my house, sofa, car, and more; I can 

create models. My mom told me that she would buy a laptop for me to use Maya. It is amazing.” 

Participant 178 said, “I want to learn and create more models; my family will be proud of me.” 

Indeed, many students came to the computer lab to practice when they had no class activities and 

when their teachers were absent. They asked me to allow them to practice and learn new skills.  

The art teacher said, “I hope we use these applications in art class.” Participant103 said, 

“I want to continue working with Maya.” Participant 186 said, “I wish our art class would start 

using Maya.” Participant 185 stated, “This software is fun and builds creative art.” Participant 

165 said, “I like to practice more using Maya. This is what I want and I asked my parents to 

enroll me in graphic design workshops.” Participant 194 said, “I want to learn more about Maya. 

I want to build a lot of models.” Participant 169 said, “I want to learn how to create and animate 

using a human body in Maya.”  

Liked Using the Software But Not in the Science Project 

Some students such as 148, 149, 168, and 184 enjoyed practicing in Maya until they 

started the science project. Given that the solar system project includes eight planets with a 

plethora of moons, the students repeated the same process, which required the students to follow 

sizes and animations proportional to the original size for each individual planet and moon. This 

process encouraged the students to develop deep thinking, as well as to have patience to 

complete this kind of project. Some students did not seem to have much patience or they needed 

more time practicing on Maya before starting the science project. If they had more learning 

experience with Maya, they would be more interested doing this project. However, when the 

project began, these students were not ready to handle working with specific numbers that sized, 
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positioned, and animated the sun, planets, and moons in proportion to their original sizes, 

positions, and movements. Participant 149 indicated that I was fast in tutoring, and he said that if 

I were slower and provided more time for each step of a skill, the students would practice this 

step before moving to another using the same skill. 

These students asked many times if I would allow them to do another project, but not the 

solar system. Participant 168 said, “I do not want to do the science project. I want to model 

houses, vases, and mosques” and Participant 184 said, “I did not work on the science project 

because it was boring and the first project was more interesting.” 

Did Not Show Interest in Using the Software 

From the first day, six students (126, 143, 188, 193, 198, and 199) did not show interest 

in using the software. Participant 198 said, “I did not like it from the beginning” and Participant 

126 was a “sleepyhead” during the research project. Participants 199 and 193 were always out of 

class and when they came, they made trouble for other students, such as fighting with them and 

clicking on their keyboards that changed or deleted their work. Participants 188 and 143 worked 

only when I provided one-on-one help or some of their peers helped them. Participant 188 said 

that the software was an English version and he wanted someone to spend the entire class with 

him and Participant 143 said, “I do not know how to work and I have no team member to share 

my needs.” This group never tried to finish their work by themselves. Participant 198 was in a 

team with Participant 158 and he only watched 158’s work; he did not do anything by himself. 

Participant 198 said, “Because Maya software is in English and I do not pay attention to you, I 

do not know how to use Maya.” The school’s teachers reported that these students did the same 

in their classes and they were not good students.  
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There were some students who showed interest in using the software, but did not do well 

like Participant 158. He asked to go get a drink water or use the bathroom, incessantly. When I 

asked teachers in the school about this student’s behavior they said that he always wanted to be 

outside the classroom and reported that he did the same in their class. Participant 158 seemed to 

understand how to use the software, yet he did not do much of the work. Many times, he asked to 

leave the class (escaping from the class) to do his club activities. I told him to finish his design 

before he could leave, and he finished it in a short time. However, Participant 158’s work quality 

was not perfect because he did not pay attention to the instructions or didn’t apply much effort to 

the project.  

When these students were asked about not completing their work, they reported that 

because it was not a graded course, they did not want to do the work. Participant 149 agreed with 

158 who said, “There were no grades on it, but if there were grades on it, I would complete the 

work,” Participant 184 said, “If it became a required class and there were grades for work, I 

would do it.” Also, when Participant 198 was asked if he would learn and do his work using 

Maya if it became required, he said, “I will attend the class and do the work.” However, 

Participant 126 (Sleepyhead) said, “I always want to sleep when I look at the computer screen.” 

Participant 157 said, “I worked only when I wanted,” and Participant 173 agreed with him. Some 

students reported that they did not like school, such as Participant 199 who said, “It is boring. I 

do not want to attend classes. I like to “play” and he added, “I play in all classes.” When I asked 

him if he would do the work if I provided him with a daily one-on-one instruction session in how 

to use the software, he refused saying, “No, this is my nature and I do not want to study.” 
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Participant 158 said about the science’s project, “I felt it was hard repeating same 

processes over and over and I felt bored. I want to work on something more interesting, such as 

creating cars.”  

These students did not take the process of learning how to use Maya seriously. This was 

due to me telling all students that they were free to participate in the study and that their work in 

the study would not affect their school’s scores (grades). They used to play soccer when they had 

free class; however, using the free classes in training on Maya made them fidgety.  

Time the Students Took to Learn Maya’s Basic Skills of Polygon 

First day. The students were able to have control of the Maya layout, use keyboard 

shortcuts to shift between scenes (perspective, top, front, and side), and create polygon 

primitives (cube, sphere, cylinder, cone, torus, prism, and pipe). They were also able to apply 

changes on polygon objects’ positions (using move, rotate, and rescale icons) and show objects 

on wireframe (wireframe is a way of displaying the 3-D mesh in Maya without showing colors, 

textures, or lights. Wireframe mode shows the model as edges and vertices. It is faster to work in 

wireframe mode rather than shade mode) and shading modes (using shortcut key number 4 and 

5).  

Second day. The students worked at controlling Maya’s scenes [zoom in and out, rotate 

out and around the object, dolly (shifting left-to-right, up and down, in front of the object), and 

shift between the scenes: perspective, top, front, and side], object’s position (move, rotate, and 

scale), and parenting (P) polygons (parent is a command, within the software, that connects a 

polygon or more (child) to another polygon (parent). The parent controls the child). I provided 

the students one-on-one instructions. 
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By end of week three. The students were able to create chairs and tables using multiple 

skills: creating cubes, using the channel box (channel box is an editor panel that allows users to 

apply changes to an objects’ position (translate, rotate, and scale) and adding subdivisions in 

three axes X, Y, and Z), moving the cubes’ vertices, moving the cube’s faces, duplicating the 

cubes, rotating, scaling, assigning colors, and parenting the cubes. They were also able to extrude 

a cube’s faces to model another chair. Participants were able to assign colors and images as 

texture to their models and use the transparent option. The students discovered Maya’s menu 

bars: animations and surfaces additional to polygons. In the surface menu bar, the students 

created curves and revolved them to have a variety of shapes, such as cups, vases, jars, and more. 

In addition, in the animations menu bar, the students recorded simple animation in which chairs 

moved toward a table and they discovered Maya’s timeline panel (See Appendix E). 

Weeks four through six. The training session occurred between weeks one through six 

of the spring semester 2014. While the science teaching occurred during week seven, the 

students started working on the solar system project in week four and they completed it in week 

seven. During that time, the students created a sphere for each of the following: sun, planets, and 

moons, and each one was textured and assigned a specific size proportionate to its original size. 

The students used the channel box to size the objects and used the attribute editor to assign 

textures to them (attribute editor allows users to adjust all Maya’s items’ attribute (including 

lights, cameras, curves, skins, hairs, dynamics, and more). There was an elliptical path for each 

individual planet and moon and each one was animated twice: around itself and around its parent 

[parent is a Maya’s command that connects a polygon or more (child) to another polygon 

(parent). The parent controls the child] in specific time proportional to its original rotating time. 

The planets were parented to the sun and each moon was parented to its planet. In Maya, when 
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parenting an object to another, it means the parent object controls the child (parented). For 

example, the earth (parent) moves around the sun, the moon (child) follows the earth in its 

movement around the sun, and the moon has its own movement around the earth and around 

itself. The sun was animated around its movement as well.  

Before rendering their work, the students created cameras and lights. The students created 

two kinds of lights: directional and area to show dark and light effects on a planet when it’s 

revolving. They also used the attribute editor to assign glow to the sun to simulate the original 

sun (See Appendix F). 

Due to the model of the solar system including a variety of objects, the students assigned 

names to each individual item, parented the items in a hierarchy, and used the “hierarchy editor.” 

In Maya, this editor allows users to view, parent, unparent (unparent is a Maya’s command that 

is used to disconnect a child object from a parent object), group, ungroup, rename, control 

hierarchies, or delete all objects in a project.  

Level of Difficulties in Learning to Use Maya 

Level of Difficulty 

The art teacher said that his middle school students were able to learn the software. 

Graphic applications help them improve their art ability. He stated that there were no problems 

for the students using Maya and he said, “It was easy for them to learn. It attracted them quickly 

and they learned it fast.” When asking the students about the level of difficulty in learning and 

using Maya software to do their projects, Participants 116, 148, 158, 169, 173, 178, and 183 

indicated that Maya was in the middle, between easy and hard levels. Participant 138 indicated 

that some skills were easy to learn and do, but others were not. Participants 145, 168, and 194 

agreed with Participant 103 who said, “It is kind of easy.” Participant 158 said, “Learning how to 
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use Maya was easy because we learned it step-by-step,” and Participant 132 said, “It is easy to 

learn and it’s hard only when a student does not pay attention to you.” Participant 185 agreed 

with Participant 183 who stated, “Maya was complicated, but it became easy when I learned it. 

Now, it is not complicated.” Participant 186 said, “It is easy to learn” and Participant 165 said, 

“The software is easy, but because it requires knowledge of a lot of information, the work 

becomes harder.”  

Easy Skills Versus Hard Skills 

A total of 14 Participants (116, 132, 138, 158, 165, 168, 169, 173, 178, 182, 185, 186, 

188, and 194) agreed with Participant 103’s articulation that controlling Maya’s layout, creating 

polygons, using the extrude option, parenting, assigning color and texture, and key animations 

were easy to learn and use. However, 10 Participants (103, 116, 132, 138, 145, 165, 169, 173, 

178, and 182) found it hard to animate an object on a motion path and put it on motion cycle, but 

Participants 168 and 183 disagreed. Participant 183 said, “Motion path is easy, creating motion 

cycle for a planet’s self-rotation is easy, but creating a motion cycle for motion path is hard.”  

Participant 116 said it was easy to animate a planet around its self and Participant 183 

found texturing a polygon cube was hard. He said, “It is easier to texture a polygon plane than 

polygon cube.” Participant 173 indicated that it was hard using vertex, edge, and face to model a 

chair. Participant 169 said, “It is hard to move the camera from one object to another.” However, 

Participant 186 said, “I do not know how to make animations” and Participant 173 said about 

recording animations, “It is hard because I did not pay attention to your teaching and, therefore, I 

did not understand it.”   
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First Project Versus Science Project 

Participants 158, 182, and 188 agreed with Participant 185 who stated, “Using Maya was 

easy in the first project and hard in the second.” Participant 158 explained more about why the 

second project was hard and he said, “Because we built a big project, it was hard repeating the 

same process over and over.” Participant 173 said, “Building a complete project is hard” and 

Participant 168 said, “It is hard because of the number of the planets and moons, the number of 

commands used, and the planets are of different sizes.” Participant 126 said, “Animation is hard 

when working with many planets. My peer and I animated the first planet, but when we moved 

to the second, we lost the first. This is a problem.” Participant 173 agreed with Participant 182 

who said, “Animating planets in a prescribed time and path is hard and it takes a long time to 

finish.” However, Participant 165 said, “When I learned step-by-step, the science project was 

easy” and Participant 184 said, “Learning a skill does not take a long time because I followed the 

order of commands.” Participant 165 said: 

Using Maya is easy, but the variety of commands makes it hard to learn. These 

commands should be separated. For example, to animate a planet and put it in cyclic 

motion, we need to use a lot of commands and do many processes. If the commands were 

fewer, it will be better. 

Participant 188 indicated that it was hard to use commands from the menu bar such as “extrude” 

and “motion path.” Participant 126 said, “Maya seems easy when you teach us how to use it, but 

it is hard for me to practice without either my peer or your help.” 

What Skills Were the Students Able to Master Using Maya? 

At the end of seven weeks, the students did two projects that helped them to master a 

variety of Maya’s skills, such as control Maya layout and the use of Maya’s panels in working on 
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projects, creating polygons, curves, cameras, and lights, assign colors and texture to the 

polygons, use the channel box and attribute editors to make changes in polygons, use the 

hierarchy editor, key animations, cycle animations, render the project, and much more. All 

students created and animated objects on motion paths, and Participant 170 created short 

animations that included a table, a ball, ground, two chairs, and a remote control with three 

buttons. The ball was jumping to the remote control’s buttons and each time the ball hit a button, 

an object in the scene moved (See Appendix E and F). 

In addition, after finishing the research, the school’s administration opened a program, 

and called it the Young Instructor, and allowed six students (103, 116, 183, 170, 178, and 165) to 

train another six students (227, 286, 241, 398, 379, and 358) on how to use Maya. These students 

worked beyond the skills mentioned above by using the UV’s editor to fix texture problems and 

used paintbrushes to create grasses, flowers, and buildings. Participants in the Young Instructor 

program worked on creating cars in streets, traffic lights, buildings, grass, and flowers (See 

Appendix G). However, the C3D students’ projects (one and two) were evaluated using a rubric 

evaluation form to test their skills using Maya and the quality of their skills (See Appendix I).  

Rubric Evaluation 

To see if the students learned how to use Maya, I (Maya’s instructor) evaluated 27 

students two times using the same rubric evaluation form that included 19 evaluation categories 

and the students were evaluated by assigning a number to each category: unsatisfactory, below 

average, satisfactory, above average, or excellent (see Appendix I). The first evaluation was 

after three weeks of training, when they finished the first 3-D project. It was about creating a 

room, including chairs, tables, carpet, and pictures on the walls. There were no specific 

measurements to follow in this project and the students created their projects in different sizes, 
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shapes, colors, and textures. However, the second evaluation was in week seven when they 

completed the solar system learning project, posttest, and the solar system 3-D project. In this 

project, the students modeled the solar system and textured the sun, planets, and moons. They 

also positioned the planets in paths around the sun and placed the moons in paths around their 

planets. The sun, planets, and moons were created and animated in specific sizes and times 

proportionate to the original sizes and movements. I provided the required information to 

students.  

In the first evaluation, the 27 students were evaluated on their first projects and the results 

showed that the students were able to learn and use the Autodesk Maya (See Table 12). In 

creating their first models, they were able to control Maya layout (M = 4.26, SD = 1.37), use 

shortcut keys (M = 4.04, SD = 1.56), use shelf to create models (M = 4.41, SD = 1.45), use 

channel box to change models’ values (M = 4.26, SD = 1.46), use attribute editor (M = 4.11, SD 

= 1.50), apply Maya’s concepts on polygon (M = 3.51, SD = 1.47), apply changes to objects 

using vertex, edge, and face options (M = 3.89, SD = 1.40), apply changes to objects using move, 

rotate, and rescale options (M = 4.26, SD = 1.51), and assign color and texture (M = 3.85, SD = 

1.61). Indeed, their work was assigned as satisfactory in the modeling quality (M = 3.56, SD = 

1.48), texture quality (M = 3.74, SD = 1.46), and final work quality (M = 3.35, SD = 1.60).  
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Table 1 

First Rubric Evaluation’s Statistic Summary Table 

 Unsatisfactory Below 
average Satisfactory Above 

average Excellent  

M SD n % n % n % n % n % 
Control Maya layout 4.26 1.37 3 11.10 1 3.70 1 3.70 3 11.10 19 70.40 
Use shortcut keys 4.04 1.56 4 14.80 2 7.40 1 3.70 2 7.40 18 66.70 
Use shelf to create  
       models 4.41 1.45 4 14.80 0 0 0 0 0 0 23 85.20 

Use channel box 4.26 1.46 4 14.80 0 0 1 3.70 2 7.40 20 74.10 
Use attribute editor 3.92 1.52 4 14.80 1 3.70 1 3.70 3 11.10 18 66.70 
Knew Maya concepts 3.51 1.47 5 18.50 1 3.70 5 18.50 7 25.90 9 33.30 
Use vertex, edge, and  
       face 3.89 1.40 3 11.10 2 7.40 3 11.10 6 22.20 13 48.10 

Change object’s  
       position: move,  
       rotate, and scale 

4.26 1.51 4 14.80 1 3.70 0 0 1 3.70 21 77.80 

Assign materials: color  
       and texture 3.85 1.51 4 18.50 0 0 2 7.40 7 25.90 13 48.10 

Modeling work quality 3.56 1.48 5 18.50 0 0 7 25.90 5 18.50 10 37.00 
Texture work quality 3.74 1.46 4 14.80 1 3.70 5 18.50 5 18.50 12 44.40 
Final work quality 3.35 1.60 6 22.20 2 7.40 3 11.10 7 25.90 9 33.30 

 

In more detail of Table 1, the majority of students were excellent in controlling Maya’s 

layout (n = 19, 70.40%). In using shortcut keys, 66.70% of students were excellent (n = 18) and 

14.80% (n = 4) were unsatisfactory. In using shelf to create models, most of students were 

excellent (n = 23, 85.20%), and a few of them were unsatisfactory (n = 4, 14.80%). In using 

channel box, 74.10% of students were excellent (n= 20) and 14.80% were unsatisfactory (n = 4). 

The majority of students were excellent in using the attribute editor (n = 18, 66.70%) and 

11.10% of them were above average (n = 3). The majority of students were evaluated 

satisfactory and above in knowing Maya concepts of polygon that (n = 9, 33.30%) were excellent 

and (n = 7, 25.90%) were above average. A total of 13 students were excellent in using vertices, 

edges, and faces in modeling (48.10%), six were above average (22.20%), and three were 

satisfactory (11.10%). Most students were excellent in changing an object’s position using move, 

rotate, and scale icons (n = 21, 77.80%) however there were four unsatisfactory (14.80%). A 
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total of 22 students were excellent (48.10%), average (25.90%), or satisfactory (7.40%) in 

assigning materials color and texture and five students were unsatisfactory (18.50%). In 

modeling work quality, 10 students were excellent (37.00%), five were above average (18.50%), 

seven were satisfactory (25.90%), and five were unsatisfactory (18.50%). In texture work 

quality, there were only five below average (3.70%) or unsatisfactory (14.80%) students. Finally, 

in project one’s final work quality; there were nine excellent students (33.30%), seven above 

average students (25.90%), three satisfactory students (11.10%), two below average students 

(7.40%), and six unsatisfactory students (22.20%). See Table. 

However, in the second evaluation, the 27 students were evaluated again in their second 

projects about the solar system (see Table 2). They were able to use the Autodesk Maya in 

controlling Maya layout (M = 4.30, SD = 1.46), using shortcut keys (M = 3.74, SD = 1.63), using 

shelves to create models (M = 4.56, SD = 1.28), using channel box (M = 4.07, SD = 1.46), using 

attribute editor (M = 3.92, SD = 1.52), knowing Maya’s concepts on polygon (M = 3.70, SD = 

1.59), applying changes to objects using vertex, edge, and face options (M = 3.37, SD = 1.80), 

applying changes to objects using move, rotate, and rescale options (M = 4.04, SD = 1.48), and 

assigning color and texture (M = 3.81, SD = 1.75). While the students’ science of the solar 

system 3-D modeling’s quality (M = 3.44, SD = 1.87) and texture quality (M = 3.74, SD = 1.83) 

were satisfactory, their animation quality (M = 1.59, SD = 1.34) was unsatisfactory and final 

work quality (M = 2.54, SD = 1.70) was below average.  
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Table 2 

Second Rubric Evaluation’s Statistic Summary Table 

 Unsatisfactory Below 
average Satisfactory Above 

average Excellent  

M SD n % n % n % n % n % 
Control Maya layout 4.30 1.46 4 14.80 0 0 1 3.70 1 3.70 21 77.80 
Use shortcut keys 3.74 1.63 4 14.80 4 14.80 3 11.10   16 59.30 
Use shelf to create 
models 4.41 4.56 3 11.10 0 0 0 0 0 0 24 88.90 

Use channel box 4.07 1.46 4 14.80 0 0 3 11.10 3 11.10 17 63.00 
Use attribute editor 3.92 1.52 4 14.80 1 3.70 4 14.80 2 7.40 16 59.30 
Knew Maya concepts 3.51 3.70 4 14.80 3 11.10 5 18.50 0 0 15 55.60 
Use vertex, edge, and 
face 3.37 1.80 8 29.60 2 7.40 2 7.40 2 7.40 13 48.10 

Change object’s 
position: move, rotate, 
and scale 

4.26 1.51 4 14.80 0 0 2 7.40 2 7.40 17 63.00 

Assign materials: color 
and texture 3.85 1.51 7 25.90 0 0 1 3.70 2 7.40 17 63.00 

Modeling work quality 3.44 1.87 9 33.30 0 0 3 11.10 0 0 15 55.60 
Texture work quality 3.74 1.83 8 29.60     2 7.40 17 63.00 
Rendering  0 0 12 44.40 0 0 2 7.40 0 0 13 48.10 
Animation quality  1.59 1.34 22 81.50 0 0 0 0 2 7.40 3 11.10 
Final work quality 2.54 1.70 6 22.20 2 7.40 3 11.10 7 25.90 9 33.30 
 

Table 2 continues by describing the second project’s evaluation, the majority of students 

were excellent in controlling Maya layout (n = 21, 77.80%) and the minority of them were 

unsatisfactory (n = 4, 14.80%). In using shortcut keys, 70.40% of students were excellent (n = 

16) and satisfactory (n = 3) and 29.6% were below average (n = 4) and unsatisfactory (n = 4). In 

using shelf to create models, most of the students were excellent (n = 24, 88.90%) and three 

were unsatisfactory (11.10%). In using channel box, 85.20% of the students were excellent (n= 

17), above average (n = 3), and satisfactory (n = 3) however, 14.80% were unsatisfactory (n = 

4). The majority of students (81.50%) were excellent (n = 16), above average (n = 2), 

satisfactory (n = 4), in using the attribute editor and 18.50% were below average (n = 1) and 

unsatisfactory (n = 4). A total of 20 students received excellent evaluation (55.60%) and 

satisfactory (18.50%) in knowing Maya’s concepts of polygon and seven were below average 
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(11.10%) and unsatisfactory (14.80%). There were 17 excellent (48.10%), above average 

students (7.40%), and satisfactory students (7.40%) using vertices, edges, and faces in modeling 

and there were eight unsatisfactory students (29.60%). Most students were excellent, above 

average, or satisfactory in changing an object’s position using move, rotate, and scale icons (n = 

23, 85.20%) and four were unsatisfactory students (14.80%). There were 20 excellent (63.00%), 

above average students (7.40%), and satisfactory students (3.70%) in assigning materials color 

and texture and seven unsatisfactory students (25.90%). In modeling work quality, 15 students 

were excellent (55.60%), three were satisfactory (11.10%), and nine were unsatisfactory 

(33.30%). In texture work quality, 63.00% of students were excellent (n = 17), 7.40% were 

above average (n = 2), and 29.60% were unsatisfactory (n = 8). However, there were only three 

excellent students in animation work quality (11.10%). The majority of students in this area were 

unsatisfactory (n = 22, 81.50%). In rendering quality, there were 13 excellent students (48.10%), 

two satisfactory students (7.40%), and 12 unsatisfactory students (44.40%). Finally, in project 

one’s final work quality there were eight excellent ability students (29.60%), five satisfactory 

students (18.50%), two below average students (7.40%), and 12 unsatisfactory students 

(44.40%). See table 2. 

When comparing means between the rubric’s first and second evaluations in each 

category, results showed that the students’ ability applying changes to the objects using the 

channel box in the first evaluation (M = 4.26, SE = .28) was significantly higher than their 

second evaluation (M = 4.07, SE = .28), t(26) = 2.43, p < .05, r = .96 (see Table 3). Indeed, their 

final project quality, including completing the project, the first evaluation (M = 3.35, SE = .31) 

was significantly higher than their second evaluation (M = 2.54, SE = .33), t(26) = 3.40, p < .05, 

r = .72.  
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Table 3 

Rubric Evaluation’s Dependent t-Test Summary Table 

Statistic Correlation Pair difference  
 

n M SD SE Correlation Sig M 
difference SD t df sig 2-

tailed 

1 27 4.26 1.37 .26 

Control layout 
2 27 4.30 1.46 .28 

.97 .000* -.04 .34 -.57 26 .574 

1 27 4.04 1.56 .30 

Shortcut keys 
2 27 3.74 1.63 .30 

.61 .001* .30 1.40 1.09 26 .285 

1 27 4.41 1.45 .28 

Create models 
2 27 4.56 1.28 .25 

.84 .000* -.15 .77 -1.00 26 .327 

1 27 4.26 1.46 .28 

Channel box 
2 27 4.07 1.46 .28 

.96 .000* .19 .40 2.43 26 .022* 

1 27 4.11 1.50 .29 Attribute 
editor 2 27 3.92 1.52 .29 

.88 .000* .19 .74 1.31 26 .202 

1 27 3.51 1.47 .28 Polygon 
concepts 2 27 3.70 1.59 .31 

.84 .000* -.19 .89 -1.10 26 .284 

1 27 3.89 1.40 .27 Vertex, edge, 
face 2 27 3.37 1.80 .35 

.64 .000* .52 1.40 1.93 26 .065 

1 27 4.26 1.51 .29 Move, rotate, 
rescale 2 27 4.04 1.48 .28 

.81 .000* .22 .93 1.24 26 .227 

1 27 3.85 1.51 .29 Color and 
texture 2 27 3.81 1.75 .34 

.63 .000* .04 1.42 .14 26 .894 

1 27 3.56 1.48 .28 Modeling 
quality 2 27 3.44 1.87 .36 

.66 .000* .11 1.42 .41 26 .688 

1 27 3.74 1.46 .28 Texture 
quality 2 27 3.74 1.83 .35 

.65 .000* .00 1.41 .00 26 1.000 

1 
2

7 
   Animation 

quality 
2 27 1.59 1.34  

       

1 27 3.35 1.60 .31 
Final work 
quality 2 27 2.54 1.70 .33 

 

.72 .000* 

 

.81 1.23 3.40 26 .003* 

*p < .05 Two-tailed  
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Maya’s Positive Impact on the School 

After finishing the first project, the best eight Maya artwork projects were printed and 

hung on a wall. Some of the C3D students whose works were not printed stated that they would 

complete their work to be printed. The eight students whose artwork was printed were chosen to 

be in the school’s Intelligence Club. Students from other classes asked to join the training 

program. Indeed, after completing the research, the school’s administrator opened the Young 

Instructor program and chose five students from the C3D group to train five students from other 

classes. Also, the school sent Participant 170 to another school to train its students on how to use 

Maya in art. 

Positive Impacts of Using 3-D Media in Science Learning 

The science teacher used 3-D media, which I made in teaching the science of the solar 

system to the C3D and P3D groups, but the N3D group was taught in the traditional way. The 

C3D group was asked to create 3-D models of the solar system and P3D and N3D were asked to 

draw the solar system on paper.  

The science teacher believed that C3D and P3D groups benefited more from the solar 

system lesson than the N3D group. The C3D group benefited more than the other two groups 

(P3D and N3D). Creating 3-D models of the solar system equipped students with more details 

and allowed the students to experience science knowledge from different viewpoints. The 

science teacher said, “Many students of the C3D group asked good and deep questions about the 

solar system. However, those students who did not watch or create 3-D models did not ask deep 

questions.” Indeed some students in the C3D and P3D groups asked questions to which the 

science teacher did not have answers and he had to search for the answers. The science teacher 

said, “Those students who watched 3-D media asked questions that made me search for 
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answers.” He added, “Learning tools are attractive and enhance students’ learning capabilities. 

However, when students learn from hands-on experience, they grasp more.” He explained that an 

image on the class board attracts students’ attention and reduces teachers’ effort on teaching. The 

science teacher said, “Students in the C3D group learned more because they created models in 

proportionate sizes to originals.” He indicated that it was a good experience for him and the 

students and he said, “I did not hear of such experimental study having been conducted with 

students of this age. Even college students do not study science using this technique. My students 

did high quality models of the solar system.” 

Participants 103, 148, and 165 reported that their work using Maya helped them 

understand the science of the solar system lesson better and they wanted to continue using Maya 

in science learning. Participant 184 agreed with Participant 148 who said, “The work in Maya 

illustrates science better than the book.” Participant 183 said, “Maya helped me to understand the 

planets’ sizes, gravity, movements around themselves and around the sun, and their paths. With 

Maya I learned science better because I understand better,” and Participant 169 agreed with 

Participant 186 who said, “I learned from my work on Maya how planets move around the sun 

and how far they are from the sun.” Participants 116, 132, 158, 168, 173, and 194 agreed with 

Participant 148 who stated, “Because of Maya, I knew the number of moons for each planet, how 

the moons are connected to their planets, and their movements around planets.”  

However, Participants 116, 165, 178, 186, and 188 did not want to do science 

assignments using Maya. Participant 168 agreed with Participant 165 who said, “Even though 

Maya helped me to understand the science of the solar system, I prefer learning science without 

doing assignments using Maya” and Participant 116 said, “Even though creating a model of 

science learning improves my learning, I do not want to do it because it is easier not to do.” 
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Participant 138 agreed with Participant 168 who said, “It is better to teach science using Maya, 

but we do not do the science assignments using Maya” and Participant 138 said, “Science class 

will be hard when doing assignments with Maya.” Participant 178 said, “Science projects are big 

and they require following certain measurements.” However, Participant 145 said, “There was no 

difference in science learning when using Maya, even though it helped me a little. Science 

assignments should not be completed using Maya.” Participant 182 agreed, “I understand science 

without working in Maya.” However, Participants 132 and 194 agreed to use Maya in doing 

science assignments and Participant 185 said, “There are some science topics that we can easily 

create models for. It is okay to use Maya to do those assignments.” Participant 169 said, “It is 

okay to use Maya in doing science assignments only if they are easy.”  

Maya Positive Impact on Art Class 

The art teacher said, “In my art class, these students did not have the concept of 3-D 

before learning Maya. I taught them how to draw 3-D, but there only two or three student who 

drew 3-D images. However, most of them understand the meaning of 3-D.” The art teacher 

indicated that his students’ work using Maya enhanced their ability to draw 3-D on paper. 

Talking about Participant 165, the art teacher said, “It is visible that his ability to draw 3-D has 

been improved. I can see it in his new vase drawings. His way of coloring the vase using 3-D 

imaging makes it more realistic.” The art teacher said, “Students in the C3D group asked me to 

teach them how to draw 3-D images. However, students from other classes did not have the same 

desire because they did not use Maya. They do not have any idea about 3-D.” Even the art 

teacher thought it was important to use graphic applications such as Maya in art class. He said, 

“But not in all art classes. Students should work in a variety of art skills such as drawing, 

painting, hand work, and Maya.” 
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Quantitative Descriptive 

Quantitative Research Questions 

There was one quantitative question in this study: 

Are there significant differences applying the learning method of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and the impact on 

students’ science achievement scores? 

This research question included two subheading questions, they were: 

1. Are there significant differences applying the learning methods of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and its impact on 

the students’ science achievement scores by answering multiple-choice questions?  

2. Are there significant differences applying the learning methods of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and its impact on 

the students’ science achievement scores by responding to critical-thinking questions? 

Null Hypotheses 

There was one null hypothesis involved in the study:  

There are no significant differences in student achievement scores in science when 

studying the solar system while using the 3-D model strategies in a science class. 

This null hypothesis included two subheading hypotheses: 

1. There are no significant differences in student achievement scores in science when 

responding to multiple-choice questions when studying the solar system while using the 3-D 

model strategies in a science class. 
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2. There are no significant differences in student achievement scores in science when 

responding to critical-thinking questions when studying the solar system while using the 3-D 

model strategies in a science class. 

Variables 

There were five variables included in this study: two independent and three dependent 

variables. The first independent variable was the 3-D models strategy, which had three levels. 

These three levels were the three groups of students: create-3-D (C3D) where the students 

created their own 3-D models of the science content and watched 3-D animations about it, 

premade-3-D (P3D) where the students watched premade 3-D models and animations as part of 

the science content, and no-3-D (N3D) where the students took the science content without either 

creating nor watching 3-D models and animations. The second independent variable was doing a 

science project and it was for the C3D group only. It included four levels where the students: (a) 

did not do any part of the project, (b) started the project but did not complete it, (c) did the 

project without following the real measurements, or (d) completed the project without 

animations.  

The first dependent variable was the students’ science achievement scores from 

answering multiple-choice questions, and the second dependent variable was the students’ 

science achievement scores from answering critical-thinking questions. The students’ science 

achievement scores in these two variables were measured by using the review of ISTEP+, which 

is used in Indiana Science Fusion Holt McDougal: Assessment Guide Grade 6 (Houghton 

Mifflin Harcourt, 2011, p. 89-94) that includes two parts: multiple-choice questions and critical-

thinking questions (See Appendix H). The critical-thinking questions asked the students to 

express their understanding of the science content by writing in constructed and extended 
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responses. The third dependent variable was the students’ science achievement scores before the 

study. I used the students’ science achievement scores, before they were involved in the study, to 

test the achievement scores’ equality. These scores were provided by the school’s administration. 

The students were tested and their scores were measured using their science teacher’s questions. 

Presentation of Study Sample 

The study was conducted in Al-Yaqobi Middle School in Alhassa, Saudi Arabia. The 

target students were all first-middle grade, which is the seventh-grade of the Saudis’ education 

system and it is equal to the sixth-grade in U.S. schools. There were a total of 79 Participants 

who were divided into three groups: 32.90% (n = 26) in C3D, 35.40% (n = 28) in P3D, and 

31.60% (n = 25) in N3D.  

Were the Three Groups, C3D, P3D, and N3D, Equal Regarding Science Achievement 

Scores Before They Were Involved in This Study? 

To see if the students in the three groups were equal regarding their science achievement 

scores before they participated in the study, I tested the students’ equality from the science scores 

that were provided by the school’s administration about the target students. The independent 

variable was the first-middle grade classes, which had three levels: C3D, P3D, and N3D. The 

dependent variable was the students’ science achievement scores before they engaged in the 

study. The school’s administration handed me these scores to test the three groups’ equality. The 

school’s science teacher tested the students and measured their scores using his questions. 

There were science achievement scores for 77 Participants in their final test before the 

study started (M = 11.56, SD = 7.59). Skewness (.557) and kurtosis (-.980) fell within the 

accepted limit. Data were not available for two Participants. See Figure 3. 
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Figure 3. Histogram science achievement before the study 

 
Assumption of One-Way ANOVA 

Test of Normality of Science Achievement Scores Before the Study  

The sample students were not totally random and not independent because they came 

from preexisting groups (Al-Yaqobi Middle School). Also, scores were drawn from a population 

whose scores were normally distributed. However, since the reported significant value of 

Shapiro-Wilk for C3D (.073) was above the alpha level of .05, and because P3D (.013) and N3D 

(.003) were less than the alpha level of .05, I can conclude there were no significant deviations 

from normality. 

Homogeneity of Variance  

Since the reported Levene’s significant value (.404) was above the alpha level of .05, I 

can fail to reject the null in this case and conclude that these variances, the three groups before 
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involving in the study, were not significantly different from one another. Thus they were the 

same, or homogeneous.  

One-Way ANOVA 

The observed F was .17 with a reported sig. of .847. Since significant was above the 

alpha level of .05 I failed to reject the null and concluded there were not significant differences 

across the three groups before they were involved in the study, F(2, 74) = .17, p > .05. See Table 

6. 

Research Question 

Are there significant differences applying the learning method of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and the impact on 

students’ science achievement scores? 

Null Hypothesis 

There are no significant differences to student achievement scores in science when 

studying the solar system while using the 3-D model strategies in science class.  

First Subquestion 

Are there significant differences applying the learning methods of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and its impact on 

the students’ science achievement scores by answering multiple-choice questions?   

First Subquestion Null Hypothesis 

There are no significant differences in student achievement scores in science when 

responding to multiple-choice questions when studying the solar system while using the 3-D 

model strategies in a science class.  
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Variables 

There were two variables involved in this null hypothesis, which were an independent 

and a dependent variable. The independent variable was the first-middle grade classes, which 

had three levels: C3D, P3D, and N3D. The dependent variable was the students’ science (of the 

solar system) achievement scores from answering multiple-choice questions. The students’ 

science achievement scores were measured by using multiple-choice questions of the review of 

ISTEP+. 

A total of 78 Participants answered the multiple-choice questions of the science of the 

solar-system test (M = 27.65, SD = 11.48) after they had completed the study. Skewness (.52) 

and kurtosis (-.09) fell within the accepted limit. Data were not available for one Participant. See 

Figure 4. 

Figure 4. Histogram science achievement on answering multiple-choice questions 

	  



 84	  

 

Assumption of One-Way ANOVA 

Test of Normality of Science Achievement Scores on Answering Multiple-Choice Questions 

The sample students were not totally random and not independent because they came 

from preexisting groups (Al-Yaqobi Middle School). Also, scores were drawn from a population 

whose scores were normally distributed. However, since the reported significant value of 

Shapiro-Wilk for C3D (.022) was less than the alpha level of .05, and because P3D (.237) and 

N3D (.058) were above the alpha level of .05, I can conclude there were no significant deviations 

from normality. 

Homogeneous of Variance  

Since the reported Levene’s significant value (.883) was above the alpha level of .05, I 

can fail to reject the null in this case and conclude that the variances, the three groups’ science 

achievement scores on answering the multiple-choice questions, were not significantly different 

from one another Thus they were the same or homogeneous.  

One-Way ANOVA 

The observed F was 1.94 with a reported significant of .151. Since significant was above 

the alpha level of .05, I failed to reject the null and concluded there were not significant 

differences across the three groups in answering the multiple-choice questions after they were 

involved in the study, F(2, 75) = 1.94, p > .05. See Table 5. 

Second Subquestions 

Are there significant differences applying the learning methods of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and its impact on 

the students’ science achievement scores by responding to critical-thinking questions? 



 85	  

Second Subquestion Null Hypotheses 

There are no significant differences in student achievement scores in science when 

responding to critical-thinking questions when studying the solar system while using the 3-D 

model strategies in a science class. 

Variables 

There were two variables involved in this null hypothesis, which were an independent 

and a dependent variable. The independent variable was the first-middle grade classes, which 

had three levels: C3D, P3D, and N3D. The dependent variable was the students’ science (of the 

solar system) achievement scores from answering critical-thinking questions. The students’ 

science achievement scores were measured by using critical-thinking questions of the review of 

ISTEP+ which included multiple-choice questions and critical-thinking questions. In this test, the 

critical-thinking questions ask the students to express their understanding of the science content 

by writing in constructed and extended responses. 

A total of 51 Participants were tested in science of the solar system using critical-thinking 

in writing questions (M = 13.56, SD = 7.33) after they had completed the study. Skewness (.38) 

and kurtosis (-.20) fell within the accepted limit. Data were not available for 28 Participants 

because they did not provide any correct answers in this section. See Figure 5. 
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Figure 5. Histogram science achievement on critical-thinking questions 

 
Assumption of One-Way ANOVA 

Test of Normality of Science Achievement Scores on Answering Critical-Thinking 

Questions  

The sample-students were not totally random and not independent because they came 

from preexisting groups (Al-Yaqobi Middle School). Also, scores were drawn from a population 

whose scores were normally distributed. However, since the reported significant value of 

Shapiro-Wilk for C3D (.974), P3D (.696), and N3D (.109) were above the alpha level of .05, I 

can conclude there were no significant deviations from normality. 

One-Way ANOVA 

Since the reported Levene’s significant value (.372) was above the alpha level of .05, I 

can fail to reject the null in this case and conclude that the variances were not significantly 

different from one another thus they are the same, or homogeneous.  
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The observed F was 3.30 with a reported significance of .045. Since significance was less 

than the alpha level of .05, I can reject the null and conclude there were significant differences 

across the three groups in answering the critical-thinking questions after they had been involved 

in the study, F(2, 48) = 3.30, p < .05. See Table 5. 

Post Hoc Test 

After finding that there were significant differences across the three groups, there was a 

need to figure out which groups had the significant differences by running a post hoc test. 

Comparing C3D to P3D, there was a mean difference of 3.15 with significance of .390. Since 

.390 was greater than the alpha level, there was not a significant difference between C3D and 

P3D on science achievement scores on answering critical-thinking questions about the solar 

system. When comparing P3D to N3D, there was a mean difference of 2.95 with a significance 

of .464. Since .464 was greater than the alpha level, there was not a significant difference 

between P3D and N3D on science achievement scores on answering critical-thinking questions 

about the solar system. Comparing C3D to N3D, there was a mean difference of 2.38 with a 

significance of .036. As .036 was less than the alpha level, I rejected the null and concluded that 

there was a significant difference between C3D and N3D on science achievement scores on 

answering critical-thinking questions about the solar system. Students who watch, interact, and 

create 3-D as part of science learning activities are significantly more able to analyze their 

critical-thinking in writing than those who do not watch, interact, and create 3-D as part of their 

science learning. See Figure 6 and Table 4. 
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Figure 6. Plot of mean differences on science achievement on critical-thinking questions 

Table 4 

Multiple Comparisons on Critical-Thinking Questions Summary Table 

Source MD SE Sig. 

C3D x P3D 3.19 2.38 .390 

P3D x N3D 2.95 2.48 .464 

C3D x N3D 6.10 2.38 .036* 

*p < .05 



 89	  

Table 5 

One-Way ANOVA Summary Table 

  df MS  

Source SS Between 
Groups 

Within 
Groups 

Between 
Groups 

Within 
Groups F 

Science Test Before The Study 19.61 2 74 9.81 58.90 .17 

Critical-Thinking Questions 324.73 2 48 162.37 49.21 3.30* 

Multiple-Choice Questions 498.04 2 75 249.02 128.58 1.94 

*p < .05 

Table 6 

Science Test Before and After The Study’s Descriptive Statistics 

 No 3-D  Premade 3-D  Create 3-D 
 M SD N  M SD N  M SD N 

Before Study 10.90 7.62 24  11.59 8.34 28  12.16 6.91 25 

Multiple-Choice 

Questions 
30.59 12.04 25  24.45 11.08 27  28.13 10.91 26 

Critical-Thinking 

Questions 
10.36 6.11 16  13.31 5.83 16  16.46 8.47 19 

 

Third Subquestion 

After finding significant differences between C3D and N3D on science-achievement 

scores on answering critical-thinking questions about the solar system, there was a need to see if 
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there were differences between students involved in the C3D group according to their science 3-

D project completion on science achievement scores from answering critical-thinking or 

multiple-choice questions about the solar system.  

The third subquestion was are there significant differences between those students 

involved in the C3D group according to their completion of the science of the solar system 3-D 

project and its impact on their science achievement scores from answering critical-thinking 

questions? 

Third Null Hypothesis 

There are no significant differences in the C3D students’ achievement scores in science 

when answering critical-thinking questions while studying the solar system according to their 

completion of the science of the solar system project in science class. 

Variables 

There was an independent and a dependent variable involved in this null hypothesis. The 

independent variable was the students’ completion of the science of the solar system project. 

This variable included four levels: (a) the students did not do any part of the project, (b) the 

students started the project but did not complete it, (c) the students did the project without 

following the real measurements, and (d) the students completed the project without animations. 

The dependent variable was the students’ science (of the solar system) achievement scores from 

answering critical-thinking questions. The students’ science achievement scores were measured 

by using critical-thinking questions from the review of ISTEP+, which included multiple-choice 

questions and critical-thinking questions. In this test, the critical-thinking questions ask the 

students to express their understanding of the science content by writing in constructed and 

extended responses. 
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A total of 19 participants were tested in the science of the solar system using critical-

thinking in writing questions (M = 16.46, SD = 8.47) after they had completed the study. 

Skewness (.05) and kurtosis (-.31) fell within the accepted limit. Data were not available for 

seven participants because they did not provide any correct answers in this section. See Figure. 

 

 
Assumption of One-Way ANOVA 

Test of Normality of C3D Students’ Science Achievement Scores on Answering Critical-

Thinking Questions  

The sample students were not totally random and not independent because they came 

from preexisting groups (Al-Yaqobi Middle School). Also, the C3D students’ science 

achievement scores from answering critical-thinking questions were drawn from a population 

whose scores were normally distributed. There were 2 students who did not do any part of the 

Figure 7. Histogram science achievement on critical-thinking 
questions	  
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science project (M = 10.75, SD = 8.49), 4 students who started it but did not complete it (M = 

13.81, SD = 9.00), 2 students who did the project without following the provided measurements 

(M = 6.50, SD = 4.24), and 11 students who completed the science project without animation (M 

= 20.27, SD = 7.13) However, since the reported significant value of Shapiro-Wilk for the two 

variables for the students that started the project but did not complete it (.589) and the students 

that completed the project without animations (.771) were above the alpha level of .05, I can 

conclude there were no significant deviations from normality.  

One-Way ANOVA 

Since the reported Levene’s significant value (.814) was above the alpha level of .05, I 

failed to reject the null in this case and conclude that the variances were not significantly 

different from one another. Thus, they are the same, or homogeneous.  

The observed F was 2.69 with a reported significant of .084. Since significance was 

above the alpha level of .05, I failed to reject the null and concluded there were not significant 

differences across the four categories of completing the 3-D science project of the solar system 

in answering the critical-thinking questions after they have been involved in the study, F(3, 15) = 

2.69, p > .05. See Table 7. 

Fourth Subquestion 

Are there Significant Differences between those Students Involved in the C3D Group 

According to their Completion of the Science of the Solar System Project and its Impact on their 

Science Achievement Scores From Answering Multiple-Choice Questions?  
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Fourth Null Hypothesis 

There are no significant differences in the C3D students’ achievement scores in science 

when answering multiple-choice questions when studying the solar system according to their 

completion of the science of the solar system project in a science class. 

Variables 

There was an independent and a dependent variable involved in this null hypothesis. The 

independent variable was the students’ completion of the science of the solar system project. 

This variable included four levels: 1) the students did not do any part of the project, 2) the 

students started the project, but did not complete it, 3) the students did the project without 

following the real measurements, and 4) the students completed the project without animations. 

The dependent variable was the students’ science (of the solar system) achievement scores from 

answering multiple-choice questions. The students’ science achievement scores were measured 

by using multiple-choice questions of the review of ISTEP+. 

A total of 26 Participants were tested in science of the solar system using multiple-choice 

in writing questions (M = 28.13, SD = 10.90) after they had completed the study. Skewness (.17) 

fell within the accepted limit and Kurtosis (-1.36) was below the accepted limit. See Figure 8.  
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Assumption of One-Way ANOVA 

Test of Normality of C3D Students’ Science Achievement Scores on Answering Multiple-

Choice Questions  

The sample-students were not totally random and not independent because they came 

from preexisting groups (Al-Yaqobi Middle School). Also, the C3D students’ science 

achievement scores from answering multiple-choice questions scores were drawn from a 

population whose scores were not normally distributed. There were 6 students who did not do 

any part the science project (M = 19.79, SD = 6.99), 5 students who started it, but did not 

complete it (M = 21.85, SD = 7.20), 3 students who did the project without following the 

provided measurements (M = 20.58, SD = 10.97), and 12 students who completed the science 

project without animation (M = 36.81, SD = 7.34). See table 11. However, since the reported 

Figure 8. Histogram science achievement on multiple-
choice questions 
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significant value of Shapiro-Wilk for the two variables of the students that started the project but 

did not complete it (.492) and the students that completed the project without animations (.381) 

were above the alpha level of .05, but the other two variables of the students that did not do any 

part of the project (.020) and the students that did the project without following the provided 

measurements (.000), I can conclude there were some significant deviations from normality.  

One-Way ANOVA 

Since the reported Levene’s significant value (.566) was above the alpha level of .05, I 

failed to reject the null in this case and concluded that the variances were not significantly 

different from one another thus, they are the same, or homogeneous.  

The observed F was 9.64 with a reported significance of .000. Since significance was less 

than the alpha level of .05 I can reject the null and conclude there were significant differences 

across the four categories in answering the multiple-choice questions after they had been 

involved in the study, F(3, 22) = 9.64, p < .05. See Table 7. 

Post Hoc Test 

After finding that there were significant differences across the four category groups, there 

was a need to figure out which groups had significant differences by running a post hoc test. 

Comparing the students that did not do any part of the project to the students who started the 

project but did not complete it, there was a mean difference of -2.05 with a significance of .970. 

Since .970 was greater than the alpha level, there was not a significant difference between the 

students that did not do any part of the project and the students that started the project, but did 

not complete it on science achievement scores on answering multiple-choice questions about the 

solar system. When comparing the students that did not do any part of the project to the students 

that did the project without following the provided measurements, there was a mean difference 
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of -.79 with a significance of .999. Since .999 was greater than the alpha level, there was not a 

significant difference between the students that did not do any part of the project to the students 

that did the project without following the provided measurements on science achievement scores 

on answering multiple-choice questions about the solar system. Comparing the students that 

started the project, but did not complete it to the students that did the project without following 

the provided measurements, there was a mean difference of 1.27 with a significance of .996. 

Since .996 was greater than the alpha level, there was not a significant difference between the 

students that started the project, but did not complete it to the students that did the project 

without following the provided measurements on science achievement scores on answering 

multiple-choice questions about the solar system. However, when comparing the students that 

completed the project without animations to the students that did not do any part of the project, 

there was a mean difference of 17.02 with a significance of .001. As .001 was less than the alpha 

level, I rejected the null and concluded that there was a significant difference between the 

students that completed the project without animations to the students that did not do any part of 

the project on science achievement scores on answering multiple-choice questions about the 

solar system. Comparing the students that completed the project without animation to the 

students that started the project but did not complete it, there was a mean difference of 14.96 

with a significance of .007. As .007 was less than the alpha level, I rejected the null and 

concluded that there was a significant difference between the students that completed the project 

without animations to the students that started the project, but did not complete it on science 

achievement scores on answering multiple-choice questions about the solar system. Indeed, 

when comparing the students that completed the project without animations to the students that 

did the project without following the provided measurements, there was a mean difference of 
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16.23 with a significance of .016. As .016 was less than the alpha level, I rejected the null and 

concluded that there was a significant difference between the students that completed the project 

without animations to the students that did the project without following the provided 

measurements on science-achivement scores on answering multiple-choice questions about the 

solar system. Students who complete creating their science 3-D model project as part of science 

learning’s activities are significantly more able to achieve higher science scores when answering 

multiple-choice questions than those who do not start, complete, or create 3-D project without 

following real measurements as part of their science learning. See Figure 9 and Table 7. 

 

Figure 9. Plot of mean differences on science achievement on critical-thinking 

questions 
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Table 7 

C3D Categories Multiple Comparisons on Multiple-Choice Questions Summary Table 

Source MD SE Sig. 
Did not start x Did not complete -2.05 4.63 .970 

Did not start x Not following measurments -.79 5.40 .999 

Did not start x Completed -17.02 3.82 .001* 

Did not complete x Not following measurments 1.27 5.58 .996 

Did not complete x Completed -14.96 4.07 .007* 

Not following measurments x Completed -16.23 4.93 .016* 

*p < .05 

Table 8 

C3D Science Acheivement Scores By 3-D Project Completion One-Way ANOVA Summary Table 

 SS  df  MS   

Source Between 
Groups 

Within 
Groups 

 Between 
Groups 

Within 
Groups  

Between 
Groups 

Within 
Groups 

 
F 

Critical-Thinking Questions 451.55 840.35  3 15  150.52 56.02  2.69 

Multiple-Choice Questions 1689.84 1284.93  3 22  563.28 58.40  9.64* 

*p < .05 
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Table 9 

3-D Project Completion Groups’s Science’s Descriptive Statistics 

 Did not start Did not 
complete 

Did not follow real 
measurements Completed 

 M SD N M SD N M SD N M SD N 

Multiple-Choice 

Questions 
19.79 6.99 6 21.85 7.20 5 20.58 10.97 3 36.81 7.34 12 

Critical-Thinking 

Questions 
10.75 8.49 2 

 

13.81 9.00 4 

 

6.50 4.24 2 

 

20.27 7.13 11 

 

Summary 

Throughout this chapter, qualitative descriptive processes and quantitative data were used 

to find answers to four research questions found in this study. The qualitative research questions 

were: “How hard or easy is it for first-middle grade students to learn and use the Autodesk Maya 

software?” “How long, on average, does it take the first-middle grade students to be able to use 

the basic levels of Polygon and Animation parts of the Autodesk Maya software?” and, “What 

level of work quality is affected when first-middle grade students use the Autodesk Maya 

software?” The quantitative research question was “Are there significant differences applying the 

learning methods of using 3-D models (N3D, P3D, and C3D) in a science class being taught 

about the solar system and its impact on the students’ science achievement scores?”  

This study included one null hypothesis with four subheadings. The null hypothesis was 

that “There are no significant differences to student achievement scores in science when studying 

the solar system while using the 3-D model strategies in a science class.” The first subheading 

null hypothesis was that “There are no significant differences to student achievement scores in 
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science when answering multiple-choice questions when studying the solar system while using 

the 3-D model strategies in a science class.” The second subheading null hypothesis was that 

“There are no significant differences to student achievement scores in science when answering 

critical-thinking questions when studying the solar system while using the 3-D model strategies 

in a science class.” The third subheading null hypothesis was that “There are no significant 

differences to the C3D student achievement scores in science when answering multiple-choice 

questions when studying the solar system according to their completion of the science of the 

solar system project in a science class.” The fourth subheading null hypothesis was that “There 

are no significant differences to the C3D student achievement scores in science when answering 

critical-thinking questions when studying the solar system according to their completion of the 

science of the solar system project in a science class.”  

To answer the qualitative research questions, I taught the C3D group how to use Maya 

and evaluated their works in two projects. The students modeled the solar system in the second 

project. Data from using a rubric evaluation form showed that most of students were able to learn 

and use Maya in modeling the solar system. The majority of students did not take a long time to 

learn Maya’s basic skills on polygon. However, some skills required more time to master. In 

general, the language of the software version was not a problem for the Arabic participants 

because they dealt with the software’s commands and menus as symbols. The students’ models 

were of good quality. 

To answer the research questions and find out whether or not the null hypotheses were 

true, an experimental design was applied to 80 first-middle school students, seventh-grade, in Al-

Yaqobi Middle School in Alhassa, Saudi Arabia, which is equal to the sixth-grade in the U.S. 

educational system. The students were divided into three groups: create-3-D (C3D) 32.90% (n = 
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26), premade-3-D (P3D) 35.40% (n = 28), and no-3-D (N3D) 31.60% (n = 25). After completing 

the 3-D science project, the C3D students were different according to their project completion as 

follows: did not start 23.10% (n = 6), did not complete 19.2% (n = 5), did not follow real 

measurements 11.50% (n = 3), and completed the project 46.20% (n = 12). 

There were five variables included in this study. Two independent variables were the 3-D 

models strategy with three levels and 3-D science project completion with four levels. Three 

dependent variables were the students’ science achievement scores from answering multiple-

choice questions, the students’ science achievement scores from answering critical-thinking 

questions, and the students’ science achievement scores before the study. 

The research showed evidence that there was a significant difference between C3D and 

N3D on science achievement scores from answering critical-thinking questions about the solar 

system. Students who watch, interact, and create 3-D as part of science learning’s activities are 

significantly more able to analyze their critical-thinking in writing than those who do not watch, 

interact, and create 3-D as part of their science learning. In addition, the research showed that, in 

the C3D group, there were significant differences between students who completed their 3-D 

science project and students in the other groups. Students who complete their 3-D science project 

modeling are significantly more able to achieve higher science scores when answering multiple-

choice questions than those students who do not start, complete, or create a 3-D project without 

following the real measurements as part of their science learning. 
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CHAPTER 5 

RESULTS, IMPLICATIONS, AND RECOMMENDATIONS 

The final chapter of this research is broken into five sections: summary, results, 

discussion, conclusions, and recommendations for further research. The summary section 

addresses the purpose of the study: are the first-middle grade (seventh grade) students at Saudi’s 

schools able to learn and use the Autodesk Maya software to create and interact with 3-D media? 

Is there a value to the science students regarding the use of 3-D software to create 3-D models to 

complete science assignments? The results section provides a summary of the data that was 

previously presented in Chapter 4. The discussion section interprets the results while linking 

them to learning how to use the Autodesk Maya software and using it in teaching of the solar 

system in science courses. The limitations section describes the limitations faced in this research. 

Finally, the conclusions and the recommendations for further study provide suggestions on 

additional research that could enhance the current study. 

Summary 

The purpose of this mixed-method study, quantitative and descriptive analysis, is to 

determine whether the first-middle grade (seventh grade) students at Saudi’s schools are able to 

learn and use the Autodesk Maya software to interact and create their own 3-D models and 

animations and whether their use of the software influences their study habits and their 

understanding of the school’s subject matter. The study revealed that there is a value to the 
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science students regarding the use of 3-D software in creating 3-D models to complete science 

assignments. Also, this study aims to address the middle-school students’ ability to learn 3-D 

software and use it in art class, and then ultimately use it in their science and other classes.  

The target students were divided into three groups: create 3-D (C3D), premade 3-D 

(P3D), and no 3-D (N3D). The C3D group learned how to use the Autodesk Maya to interact and 

create 3-D models and animations. This group learned the science of the solar system using 

premade 3-D animations about the topic and then they used Maya to create 3-D models as part of 

their science-learning assignments. The P3D group watched the same premade 3-D animations 

about the topic and the N3D group neither watched nor created 3-D models as part of their 

science learning of the solar system. Finally, the three groups were tested in their science class 

on the solar system using a translated version of the review of the science part of ISTEP+ 

program, which is used in the Indiana Science Fusion Holt McDougal: Assessment Guide Grade 

6 (Houghton Mifflin Harcourt, 2011, p. 89-94) textbook to provide an answer to the quantitative 

question in this study which is:  

Are there significant differences applying the learning method of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and its impact on 

the students’ science achievement scores?  

In the training session, the C3D group’s Participants were observed while creating 3-D 

models and were evaluated using a rubric form (a sample is provided in Appendix I) to provide 

answers to the three qualitative questions that are: 

1. How hard or easy is it for first-middle grade students to learn and use the Autodesk 

Maya software?  
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2. How long, on average, does it take the first-middle grade students to be able to use the 

basic levels of Polygon and Animation components of the Autodesk Maya software?  

3. What level of work quality is affected when first-middle grade students use the 

Autodesk Maya software? 

Students in the C3D group and their art and science teachers were interviewed about the 

students’ experiences in learning the 3-D software and how it helped them understand science. 

The whole process of interviewing occurred after the students had completed the 3-D training, 

science learning, and testing.  

The success of this study may open the way to consider the impact of 3-D modeling on 

other school subjects, such as mathematics, art, and geography. When the students start using 

graphic design, including 3-D software, at a young age, they tend to develop greater personal 

creativity and skills. The success of this study, if applied in schools, will provide the community 

with skillful young designers and increases the awareness of graphic design and the new 3-D 

technology. 

Results 

As presented in Chapter 4, the findings were to answer the qualitative-research questions: 

1. How hard or easy is it for first-middle grade students to learn and use the Autodesk 

Maya software?  

2. How long, on average, does it take the first-middle grade students to be able to use the 

basic levels of Polygon and Animation components of the Autodesk Maya software?  

3. What level of work quality is affected when first-middle grade students use the 

Autodesk Maya software? 

Findings were also to answer the quantitative question:  
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Are there significant differences applying the learning method of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and the impact on 

students’ science achievement scores?  

Findings 

Difficulties of Learning Autodesk Maya 

Results of answering the question of how hard or easy is it for first-middle grade 

students to learn and use the Autodesk Maya software? Showed that it was easy for young 

students to use advanced technologies in their school because they are familiar with the use of 

the computer’s different applications, including graphic design and playing video games, 

including 3-D games. This study found that most of the students were familiar with using the 

computer and playing video games before they used Maya. They used a variety of applications to 

play 3-D video games, interact in social activities, and design pictures. Because children used 

their previous experiences in learning and using unfamiliar technology, they found it easy to 

learn the new software. 

The first-middle grade students (seventh-grade) were excited and motivated using the 

Maya software and they were able to learn it because they learned the necessary skills step-by-

step. Most of the students were interested in learning and using the software, even if it seemed 

difficult for some of them at the beginning of the research. I, who was the Maya’s instructor, 

provided the students one-on-one instruction and some of them worked in teams while learning 

the software.  

In general, considering the short training time, learning and using the basic level of 

Maya’s polygons was easy for the middle-school Participants. Participants learned this part of 

the software through step-by-step and hands-on experience. Some of Maya’s skills required more 
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time to learn than others. Most of the participants found controlling Maya’s layout, creating 

polygons, using the extrude option, parenting, assigning color and texture, and key animations 

were easy to learn and use. However, they found it hard to animate objects on motion paths 

and/or put the object in a motion cycle, but other participants did not find it hard to learn and 

perform this operation. They articulated that the motion path was easy, creating the motion cycle 

for a planet’s rotation was easy, but creating the motion cycle for a motion path was quite hard.  

First project versus science project. Participants in the C3D group learned skills that 

allowed them to create two 3-D modeling projects. The first 3-D project was about creating a 

room, including chairs, tables, carpet, and pictures on the walls. There were no specific 

measurements to follow in this project and the students created their projects in different sizes, 

shapes, colors, and textures. However, the second 3-D project was to create a 3-D model of the 

solar system. In this project, the students modeled the solar system and textured the sun, planets, 

and moons. They also positioned the planets in paths around the sun and placed the moons in 

paths around their specific planets. The sun, planets, and moons were created and animated in 

specific sizes and times proportionate to the true sizes and times of rotation and revolution.  

Given that the solar system project included eight planets with a plethora of moons, the 

students repeated the same process, which required them to use sizes and animations 

proportionate to the original objects for each individual planet and moon. This process 

encouraged the students to develop deep thinking, as well as to have patience to complete this 

kind of project. Some students did not seem to have much patience or they needed more time 

practicing on Maya before starting the science project. If they had more learning experience 

using Maya, they would be more interested in engaging in this project. However, at the project’s 

inception, these students were not ready to handle working with specific numbers that sized, 
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positioned, and animated the sun, planets, and moons proportionate to their real sizes, positions, 

and movements.  

Some participants found it was easy to use Maya in the first project and hard in the 

second. They explained that because it was a large project to complete, it was hard repeating the 

same process over and over. It was extremely hard because of the number of the planets and 

moons, the number of commands used, and the planets’ different sizes and motions. Most 

participants found animation skills were hard when working with many planets. When working 

on animating planets, students were not able to track all planets because the planets move in 

different paths and have rotation and revolution periods. 

 Software learning problems. Maya includes icons that allow the software’s users to 

create, control, and animate the 3-D objects. The students who participated learned to use some 

icons that allowed them to create 3-D primitive polygons and apply changes to the polygons’ 

positions (move, scale, and rotate). In learning the proper icons, the students connected actions 

by using Maya’s icons with their own background experiences before they were able to use them 

in their own designs. However, some students “messed up” their own designs by using the wrong 

icons, which I (the instructor) had not explained to them and most of students faced technical 

errors that needed my help. These technical errors were: computer freezes, feature errors, or 

glitch errors. 

Software’s language as a learning problem. The software’s language was not a 

learning problem for the participant students who did not speak or understand English. When I 

demonstrated the effects of using Maya’s commands, the students were able to associate 

commands with symbols, therefore there was no need to know the definition of these commands. 

The students recalled these commands when they needed them. They saw what happens when 



 108	  

using an icon or a command, they connected it with their old experiences, and then they used it 

with their new modeling skills. 

One-on-one instruction. When learning new skills, I explained to the students how to 

perform a skill, and by the students’ response, divided them in three groups: those who needed 

little help, those who needed partial one-on-one instruction, and those students who needed 

constant one-on-one instruction. Some students reported that they understood and worked right 

after I taught them the skill, others needed one-on-one help to apply the skill before they used it 

in their projects, however, there were some students who needed one-on-one help to do every 

skill that was required for completing the project. These students stopped working when I helped 

other students. There were students who finished the assigned skills faster than others, then 

provided help to their peers in need. The learning process was all about scaffolding and hands-on 

experience when learning.  

Because I was always busy working one-on-one with students, there was a chance for 

those students who were waiting for my help, and who did not know how to work on the project, 

to bother other students. Due to some computers being used by two students, there was a chance 

for some students not to practice on Maya; they watched their peers working and bothered others 

when I was busy.  

When working with small groups of students, the students’ learning process was faster. 

There was a need to have a second instructor or assistant instructor to help the students using 

Maya.  

Not showing interest in the software. There were a few students who did not show 

interest in using the software. Two students worked only when I provided them one-on-one help 

or some of their peers helped them. When these students were asked about not completing their 
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work, they reported that since it was not a graded activity, they did not want to do the work. 

These students did not take the process of learning how to use Maya seriously. This was due to 

me telling all students that they were free to participate in the study and that their work in the 

study would not affect their school’s scores (grades).  

Time the Students Took to Learn Maya’s Basic Skills of the Polygon 

In general, students were able to apply learning skills at the same time that I taught them. 

Most of the students later were able to apply the same skills to their own designs.  

First day. By end of the first day of training, the students had control of the Maya layout, 

used keyboard shortcuts to shift between scenes (perspective, top, front, and side), and created 

primitive polygons (cube, sphere, cylinder, cone, torus, prism, and pipe). They were also able to 

apply changes to the polygon objects’ positions (using move, rotate, and rescale icons) and show 

objects on wireframe and shading modes (using shortcut keys number 4 and 5). Wireframe is a 

way of displaying the 3-D mesh in Maya without showing colors, textures, or lights. Wireframe 

mode shows the model as edges and vertices. It is faster to work in wireframe mode rather than 

shade mode. 

Second day. The students worked on controlling Maya’s scene [zoom in and out, rotate 

out and around the object, dolly (dolly is shifting left-to-right, up and down, in front of the 

object), and shift between the scene: perspective, top, front, and side], object’s position (move, 

rotate, and scale), and parenting (P) polygons.  

By end of week three. The students were able to create chairs and tables using multiple 

skills: creating cubes, using the channel box, moving the cubes’ vertex, moving the cubes’ faces, 

duplicating the cubes, rotating, scaling, assigning colors, and parenting the cubes. They were also 

able to extrude a cube’s faces to model another chair. Participants were able to assign colors and 
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images as well as texture to their models and also use the transparent option. The students 

discovered Maya’s menu bars: animations and surfaces, additional to polygons. In the surfaces’ 

menu bar, the students created curves and revolved them to form a variety of shapes, such as 

cups, vases, jars, and more. In addition, in the animations’ menu bar, the students recorded 

simple animation in which chairs move toward a table and they discovered Maya’s timeline 

panel.   

By end of week seven. The students started working on the solar system project in week 

4 and they ended it in week 7. During that time, the students modeled the solar system. To model 

the solar system, they created a sphere for each of the objects: the sun, planets, and moons, and 

each one was textured and assigned a specific size proportionate to its original size. The students 

used the channel box to size the objects and used the attribute editor to assign textures to them. 

There was an elliptical path for each individual planet and moon and each one was animated 

twice: around itself and around its parent in specific time proportional to its original rotating and 

revolving time. The planets were parented to the sun and each moon was parented to its own 

planet. In Maya, when parenting an object to another, it means the parent object controls the 

child (parented). For example, the earth (parent) moves around the sun, the moon (child) follows 

the earth in its movement around the sun, and the moon has its own movement around the earth 

and around itself. The sun was animated around itself as well.  

Before they rendered their work, the students created cameras and lights. “Rendering” is 

the process of transferring 3-D model data from a format that is read by Maya software into 

image and animation formats that can be read by a variety of programs. The students created two 

kinds of lights: directional light and area light to show dark and light effects on a planet when the 
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planet is rotating on its axis. They also used the attribute editor to produce a sunglow effect 

which simulates the original sunlight.  

Due to the model of the solar system including a variety of objects, the students assigned 

names to each individual item, parented the items in a hierarchy, and used the “hypergraph: 

hierarchy” editor. In Maya, this editor allows users to view, parent, unparent, group, ungroup, 

rename, control hierarchies, or delete all objects in a project.  

Skills the Students were Able to Master Using Maya 

At the end of seven weeks, the students created two projects that allowed them to master 

a variety of Maya’s skills, such as controlling Maya layout and using Maya’s panels in work 

projects, creating polygons, curves, cameras, and lights, assigning colors and textures to the 

polygons, using the channel box and attribute editor to make changes in polygons, using the 

“hierarchy” editor, key animations, using the “trax” editor to create a motion cycle, rendering the 

project, and much more. All students created animated objects on a motion path and Participant 

170 created short animations that included a table, a ball, ground, two chairs, and a remote 

control with three buttons. The ball was jumping on the remote control’s buttons and, each time 

the ball hit a button, an object in the scene moved.  

Five students used the UV’s editor to fix texture problems and used paintbrushes to create 

grasses, flowers, and buildings, as well as creating cars in streets, traffic lights, buildings, grass, 

and flowers. However, the C3D students’ projects (one and two) were evaluated using a rubric 

evaluation form to test their skills using Maya and the quality of their skills. 

Project work quality. In project one’s evaluation, the students’ work was assigned as 

satisfactory in the modeling quality (M = 3.56, SD = 1.48), texture quality (M = 3.74, SD = 1.46), 

and final work quality (M = 3.35, SD = 1.60). In the science project, the students were evaluated 
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as satisfactory in 3-D modeling quality (M = 3.44, SD = 1.87) and texture quality (M = 3.74, SD 

= 1.83). Their animation quality (M = 1.59, SD = 1.34) was unsatisfactory and final work quality 

(M = 2.54, SD = 1.70) was below average. 

Quantitative Research Question  

Are there significant differences applying the learning methods of using 3-D models 

(N3D, P3D, and C3D) in a science class being taught about the solar system and its impact on 

the students’ science achievement scores? 

Null Hypotheses 

There was one null hypothesis, which includes all the three groups: C3D, P3D, and N3D, 

involved in the study:  

There are no significant differences to student achievement scores in science when 

studying the solar system while using the 3-D model strategies in a science class. 

However, this null hypothesis included two subheading hypotheses, they were: 

First Subheading Null Hypothesis 

1. There are no significant differences to student achievement scores in science when 

answering multiple-choice questions when studying the solar system while using the 3-D model 

strategies in a science class. 

The result of this null hypothesis was that there were no significant differences across the 

three groups in answering the multiple-choice questions after they were involved in the study, 

F(2, 75) = 1.94, p > .05.  
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Second Subheading Null Hypothesis 

2. There are no significant differences to student achievement scores in science when 

answering critical-thinking questions when studying the solar system while using the 3-D model 

strategies in a science class. 

The result of this null hypothesis was that the observed F was 3.30 with a reported 

significance value of .045. Since significance was less than the alpha level of .05, I rejected the 

null and concluded there were significant differences across the three groups in answering the 

critical-thinking questions after they had been involved in the study, F(2, 48) = 3.30, p < .05.  

Comparing C3D to N3D, there was a mean difference of 2.38 with a significant of .036. 

As .036 was less than the alpha level, I rejected the null and concluded that there was a 

significant difference between C3D and N3D on science achievement scores when answering 

critical-thinking questions about the solar system. Students who watch, interact, and create 3-D 

as part of science-learning activities are significantly more astute to analyze their critical-

thinking in writing than those who did not watch, interact, and create 3-D as part of their science 

learning. 

After finding significant differences between the C3D, P3D, and N3D, there were two 

null hypotheses to look for significant differences between the C3D students relative to their 

completion of the solar-system project in a science class. 

Third Subheading Null Hypothesis 

1. There are no significant differences in the C3D students’ achievement scores in science 

when answering critical-thinking questions when studying the solar system according to their 

completion of the science of the solar system project in science class. 
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The result of this null hypothesis was that the observed F was 2.69 with a reported 

significant value of .084. Since significance was above the alpha level of .05, I failed to reject the 

null and concluded there were not significant differences across the four categories of 

completing the 3-D science project of the solar system in answering the critical-thinking 

questions after they have been involved in the study, F(3, 15) = 2.69, p > .05.  

Fourth Subheading Null Hypothesis 

2. There are no significant differences in the C3D students’ science achievement scores 

when answering multiple-choice questions when studying the solar system relative to their 

completion of the science of the solar-system project in a science class. 

The result of this null hypothesis was that the observed F was 9.64 with a reported 

significance value of .000. Since significance was less than the alpha level of .05 I rejected the 

null and concluded there were significant differences across the four categories in answering the 

critical-thinking questions after they had been involved in the study, F(3, 22) = 9.64, p < .05.  

However, when comparing the students that completed the project without animations to 

the students that did not participate in any part of the project, there was a mean difference of 

17.02 with a significance of .001. As .001 was less than the alpha level, I rejected the null and 

concluded that there was a significant difference in science achievement scores when answering 

multiple-choice questions about the solar system between the students that completed the project 

without animations and the students that did not participate in any part of the project. Comparing 

the students that completed the project without animations to the students that started the project 

but did not complete it, there was a mean difference of 14.96 with a significance of .007. As .007 

was less than the alpha level, I rejected the null and concluded that there was a significant 

difference in science achievement scores when using answering multiple-choice questions 
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concerning the solar system between the students that completed the project without animations 

to the students that started the project, but did not complete it. Indeed, when comparing the 

students that completed the project without animations to the students that completed the project 

without following the provided measurements, there was a mean difference of 16.23 with a 

significance of .016. As .016 was less than the alpha level, I rejected the null and concluded that 

there was a significant difference in science achievement scores when answering multiple-choice 

questions concerning the solar system between the students that completed the project without 

animations to the students that completed the project without following the provided 

measurements. Students who completed creating their science 3-D model project as part of the 

science-learning activities are significantly more able to achieve higher science scores when 

answering multiple-choice questions than those who do not start, complete, or create 3-D project 

without following real measurements as part of their science learning. 

The research showed evidence that there was a significant difference between C3D and 

N3D in science achievement scores when answering critical-thinking questions about the solar 

system. Students who watch, interact, and create 3-D as part of science-learning activities are 

significantly more able to analyze their critical-thinking in writing than those who did not watch, 

interact, and create 3-D as part of their science learning. In addition, the research showed that, in 

the C3D group, there were significant differences between students who completed their 3-D 

science project and students in the other groups. Students who complete their 3-D science-project 

modeling are significantly more able to achieve higher science scores when answering multiple-

choice questions than those students who do not start, complete, or create a 3-D project without 

following the real measurements as part of their science learning.  
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Discussion 

Literature review showed that higher education institutions benefit from 3-D virtual 

worlds for teaching their students in a variety of fields. Pfeil et al. (2009) stated that in 2003, 

Linden Labs established Second Life technology and its users increased to more than 900,000 in 

2009. In learning, “80% of UK universities” and “300 universities worldwide” (Pfeil et al., 2009, 

p. 225) are present in Second Life. However, little research has been conducted about college 

students using 3-D software to create 3-D models as part of their science learning. For example, 

the School of Electronics, Electrical Engineering and Computer Science at Queen’s University 

Belfast allowed its electrical engineering students to create 3-D models in their learning of the 

subject matter. In public schools, some research showed that high school and middle-school 

students used 3-D software as part of a digital art class. However, none of them examined 12 

years old (seven grader) students using 3-D software to create 3-D models for their science 

learning as this research provided.  

The data findings of this research presented evidence that first-middle-grade (seventh-

grade) students at Saudi’s schools were able to learn and use the Autodesk Maya software, which 

is advanced 3-D software, to create and interact with 3-D media. It was easy for non-English 

speaking students to learn and use the English version of the software because Maya includes 

many icons that are located on a variety of shelves. These icons do the same action as the 

software’s commands in menu bars. In learning and using the software, the participating students 

used these icons and commands as learning symbols. Vygotsky’s sociohistorical theory of 

auxiliary stimuli process (1924/1979a; as cited in Gredler, 1997) indicated that the child (learner) 

learns new symbols and links these with old concepts, then the child develops new relationships 
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between the symbols (stimulus) and the responses to it. Finally, the child changes behaviors 

according to the characteristics of the symbol.  

Learning and using Autodesk Maya is all about using symbols and signs that cause an 

action or create objects. When users are familiar with the software’s icons and know their use, 

users can create, move, rotate, resize, connect, and animate the software in creating 3-D objects. 

According to the role of auxiliary stimuli, the student learns new symbols (stimulus) and links 

them with old concepts, and then the student develops new relationships between the symbols 

and the responses to them (1924/1979a; as cited in Gredler, 1997). Finally, the child changes 

behaviors according to the characteristics of the symbol. For example, in the Maya software, the 

students learn that the move icon symbol is to move objects in the software. The students make a 

relationship between this icon symbol and how to move the object. Also, the same thing is true 

for other icons in the software. Indeed, the non-English speaking students who participated in 

this study used the stimuli method to learn the software commands, though the commands were 

in English. When they did not know the command words’ definitions, the students printed the 

shapes of words as symbols and linked them with the effects that happen when using these 

commands. For example, the students used the command extrude to extend faces to build the 

chair’s legs without knowing the definition of extrude. They also followed the path of the 

command that is edit mesh then extrude.  

Participating students learned how to use Maya with an adult’s help, which was one-on-

one instruction, as well as through peers’ help. I provided instructions to scaffold students in 

Maya’s learning skills and, when the students mastered these skills, they used them to perform 

further skills. Vygotsky (1930-35/1978, as cited in Gredler, 1997) stated that the zone of 

proximal development indicates that the child’s independent problem solving is improved with a 
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peer’s help, as well as with adult guidance. The child can develop thinking ability via interaction 

with the child’s culture and adults. Problems that the child solves with others will enable the 

child to repeat them in the future. By using the concept of scaffolding, the child learns the basic 

skills of a concept with an adult’s help and guidance, and then the child masters these skills 

(Gredler, 1997). After that, a child learns new skills through personal experience. The students, 

with the instructor’s guidance, gain and master the basic elements of the software and the 

instructor helps the students have knowledge of software symbols. At this stage, the work area of 

the software includes creation icons and navigator icons, which are introduced to students who 

then use them to build their own experience with icons and actions. The instructor (adult) guides 

students and makes sure they know what they are doing. The instructor makes sure that students 

master each icon action, then the students work on their own to create 3-D objects in Maya, and 

they use their previous experiences with the icons to try connecting more than one object to 

make new 3-D objects. The students interact with each other while making 3-D designs, and the 

instructor is with them in case they need help (Gredler, 1997). 

Through hands-on-experience, participating students learned the Autodesk Maya and 

used it to create a 3-D model of the solar system. The students learned their science subject 

matter from hands-on experience using the Maya software. The graphic design and 3-D design 

learners know that they can succeed with their own designs when they see other students’ work. 

They observe others work and make judgments, then make the needed changes to their own 

work. According to modeling stimuli, the learners gain rich information and change designing 

behaviors due to observing others work. According to Gredler (1997), this transpires without the 

learner’s knowledge of doing it. 
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In general, the students were able to learn Maya skills right after I taught them and some 

skills required more time. Working with basic level of polygons did not require a long time and 

the 12-year-old students were able to grasp it. However, animations skills required more time for 

the students to master. Most of the students were able to create a planet, animate it in a path 

around the sun, and rotate it. Also, they made motion cycles for both animations: around the sun 

and around itself. Because students did not practice enough of these skills prior to starting the 

project, the students were not able to apply these skills to the whole science project that included 

eight planets and a plethora of moons. Also, they were not able to manage the planets and 

moons’ spatially because these objects were in different places and sizes. Working with these 

moving 3-D objects made it hard for the students to manage the time and location of the objects. 

To enhance the students working in advanced 3-D software like Maya, the instructor 

should show them examples made by other students in their age group or younger. These 

examples show what they can do using the software. Also, printing the participating students’ 

work and presenting their work in their school makes their work visible to everyone, thus 

allowing the students to develop pride for their accomplishment. In this research, the impact of 

presenting the students’ work was visible. Some participating students who did not show interest 

using the software started working with the software to present their work at the school. Some 

students who were not included in the study asked to join Maya’s training program, and the 

school’s administration considered the students whose work was presented as talented students 

and allowed them to join the school’s talent club. 

Because of the technical and learning problems that the students faced, I had to spend a 

long time solving these problems and some students had to wait in order for me to solve their 

peers’ problems before he could help them. There was a need for an assistant instructor to help in 
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solving the learning problems and technical assistance to help in solving the technical problems. 

Stone (2009) highlighted that there was not enough technical help for instructors and designers to 

aid with the learning environment in 3D virtual worlds, and there is weakness in teaching staff’s 

growth in using 3D virtual worlds. It is also a problem in VR because “educators without 

engineering backgrounds still face significant challenges when trying to implement VR 

technology in their classrooms” (Hanson & Shelton, 2008, p. 118). 

In work quality, the students achieved a satisfactory level in the first project of modeling 

quality, texture quality, and final work quality. They also achieved a satisfactory level in the 

second project of modeling quality and texture quality, but below average level of final-work 

quality, and an unsatisfactory level of animation quality. The students were able to achieve a 

satisfactory level in the first project within the first three weeks of training. However, their final 

work quality was below average in the science project that required the students to repeat the 

same process, which required them to follow sizes and animations proportionate to the originals 

for each individual planet and moon. To do this, the students were encouraged to develop deep 

thinking that would help them deal with the objects’ places and movement times. The students 

also were required to have patience to complete this kind of project. It is easy to make errors and 

the students needed to locate these errors and fix them and sometimes they needed to do the 

work again to eradicate errors. Some students did not seem to have much patience or they needed 

more time practicing on Maya before starting the science project. If they had more learning 

experience using Maya, they would have been more interested in engaging in this project.  

Science Achievement Scores 

The research showed evidence that there was a significant difference between C3D and 

N3D in science achievement scores from answering critical-thinking questions about the solar 
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system. Students who watch, interact, and create 3-D as part of science-learning activities are 

significantly better able to analyze their critical-thinking in writing than those who do not watch, 

interact, and create 3-D as part of their science learning. In addition, the research showed that, in 

the C3D group, there were significant differences between students who completed their 3-D 

science project and students in the other groups. Students who completed their 3-D science-

project modeling were significantly better able to achieve higher science scores when answering 

multiple-choice questions than those students who do not start, complete, or create a 3-D project 

without following the real measurements as part of their science learning.  

How Creating 3-D Animation Improves Science Learning 

The impact of creating and watching 3-D animation in learning relied upon the Theory of 

Multimedia Learning of information delivery and cognitive theory. Multimedia that includes 3-D 

animation creation is a tool to deliver learning information. Creating 3-D animation as part of 

science learning helps the learners to add information to their memories. However, when the 

effect of multimedia comes from instructions, and there is no different effect between animations 

and text words if they are presented in the same way, creating 3-D models as part of the science 

content presents it from different viewpoints (Mayer & Moreno, 2002). It allows the students to 

try the science-learning skills by themselves and thus experience the skills. Also, they have the 

ability to make changes to science information to see the effects of these changes.  

Cognitive theory. Multimedia learning suggests three assumptions that indicate how 

learners benefit from multimedia presentation. These three assumptions are outlined by Mayer 

and Moreno (2002) as (a) “dual-channel assumption” (p. 91), which claims that individuals 

process visual and verbal presentations differently because human have separate channels for 

each function; (b) “limited capacity assumption” (p. 91), indicates that each channel processes 
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only one piece of information at a time; and (c) “active processing” (p. 91), assumption 

highlights that engaging in cognitive activity causes meaningful learning to happen. Cognitive 

process includes “selecting relevant material, organizing it into a coherent representation, and 

integrating it with existing knowledge” (Mayer & Moreno, 2002, p. 91). The 3-D software 

allows learners to create 3-D media which helps them organize learning concepts, add and 

change existing models, and make critical analysis of the learning skills.  

Dewey (1938/1997) stated that experience grows in sequences and needs freedom to 

grow in the right way and “the effect of an experience is not born on its face…every experience 

lives on in further experiences” (p. 27). Not all students who are in the same class have the same 

characteristics, abilities, and experiences. There are individual differences between them. 

Therefore, they should not be educated and evaluated in the same way. 3-D creation using 3-D 

software like Maya provides freedom in science learning and allows the learners to build their 

learning experiences from hands-on experience. The software provides quality-learning 

environments for the individual learners. Each individual learner builds the science model 

according to his or her ability and the learner’s creation helps in the learning experience growth.  

Conclusions 

While the middle students benefit from 3-D media (creation and watching) in their 

science learning, teaching and using 3-D software in art class to aid science class learning 

problems is not common in public schools. The 3-D media improves the learners in art and 

science classes as well. The first-middle grade (seventh-grade) students in Saudi Arabia have the 

ability to learn and use the Maya software to create 3-D models and animations and apply them 

in their science learning. Indeed, it has a positive impact on their science learning. The students 

who were involved in this research created good quality 3-D models in a short time.  
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Limitations 

There were a few limitations in this study, such as gender, time of training, and number 

of computers used. The first limitation was that this study did not include girls. In Saudi Arabia, 

schools are separated by gender and male schools are run by the same gender and vice versa. The 

second limitation was the training time. Because the Royal Embassy of Saudi Arabia in 

Washington paid my scholarship, I had to follow its rules that limited the time of providing 

research in Saudi Arabia to three months. These months were divided to cover my period, from 

the time that I arrived in Saudi Arabia to the time that he left. The training session was done 

within six weeks. There was need for more time to train the students on how to use Maya before 

they started the science project. Some students were not ready to start this project within six 

weeks. The third limitation was the number of computers used. Because the school’s computer 

lab included 16 computers, some students had to work in pairs on one computer. Some of those 

students who had to pair did not work because they only watched their peers.  

Recommendations for Further Study 

To further the findings of this study, I would propose the following recommendations for 

future research. 

1. This study could be expanded to include data on U.S. schools. 

2. This study could be expanded to include data on female students. 

3. This study could be expanded to include data on different science topics. 

4. This study could be expanded to have more time to train the participant students 

before starting the science projects. 

5. This study could be expanded to include data on different school subjects such as 

mathematics, art, and geography. 



 124	  

References 

Bertoline, G. (1991). Using 3D geometric models to teach spatial geometry concepts. 

Engineering Design Graphics Journal, 55(1), 37-47. 

Bushweller, K. (1997). Wizards of animation. American School Board Journal, 184(10), 32-35. 

Calongne, C. (2008). Educational frontiers: Learning in a virtual world. EDUCAUSE 

Review, 43(5), 36. Retrieved April 21, 2011, from ProQuest Education Journals. 

(Document ID: 1569178921). 

Dewey, J. (1997). Experience and Education. NY: Touchstone. (Orginal work published 1938) 

Gardner, H. (2000). Can technology exploit our many ways of knowing? The Digital Classroom. 

Retrieved from http://ignite.wikis.birmingham.k12.mi.us/file/view/ 

Can+Technology+Exploit+Our+Many+Ways+of+Knowing.pdf 

Gardner, H. (2004). Frequently asked questions – Multiple intelligences and related educational 

topics. Retrieved from http://howardgardner01.files.wordpress.com/ 

2012/06/faq_september2012.pdf 

Gill, D. V. (2008). Student learning through situated use of 3-D modeling and animation 

software in a high school art class. Northern Illinois University. ProQuest Dissertation 

and Thesis, 532 n/a.  

Gredler, M. (1997). Learning and instruction theory into practice. NJ: Prentice-Hall, 

Hanson, K., & Shelton, B. E. (2008). Design and development of virtual reality: Analysis of 

challenges faced by educators. Journal of Educational Technology & Society, 11(1), 118-

131.  

Houghton Mifflin Harcourt. (2011). Indiana science fusion Holt McDougal: Assessment guide 

grade 6. Orlando, FL: Author. 



 125	  

Huang, H., Rauch, U., & Liaw, S. (2010). Investigating learners' attitudes toward virtual reality 

learning environments: Based on a constructivist approach. Computers & Education, 

55(3), 1171-1182.  

Kearsley, G. (2003). Explorations in learning & instructions: The theory into practice database. 

Retrieved from http://www.stanford.edu/dept/SUSE/projects/ireport/ 

articles/general/Educational%20Theories%20Summary.pdf 

Kelton, A. (2008). Virtual worlds? "Outlook good." EDUCAUSE Review, 43(5), 15-16.  

Korakakis, G. Pavlatou, E.A., Palyvons, J.A. & Spyrellis, N. (2009). 3D visualization types in 

multimedia applications for science learning: A case study for 8th grade students in 

Greece. Computer & Education. 52, 390-401. 

Koschmann, T. (2011). Theories of learning and studies of instructional practice. NY: Springer. 

Malinowski, R., Klevickis, C., & Kolvoord, R. (2001). Come see the molecules: Using 3-D 

modeling programs to learn chemistry. Learning and Leading with Technology, 29(4), 

36-61. 

Mayer, R., & Moreno, R.. (2002). Animation as an aid to multimedia learning.  Educational 

Psychology Review, 14(1), 87-99.  

Mayer, R., & Moreno, R. (2007). Interactive multimodal learning environments special issue on 

interactive learning environments: Contemporary issues and trends. Educational 

Psychology Review, 19(3), 309–326. Retrieved from http://www. 

anitacrawley.net/Articles/Renkl%20Interactive%20Example-Based%20Learning 

%20Environments%20Using%20Interactive%20Elements%20to%20Encourage%20Effe

ctive%20Processing%20of%20Worked%20Examples.pdf 



 126	  

McMenemy, K., & Ferguson, S. (2009). Enhancing the teaching of professional practice and key 

skills in engineering through the use of computer animation. International Journal of 

Electrical Engineering Education, 46(2), 164-174.  

Merickel, M. (1992). A study of the relationship between virtual reality (perceived realism) and 

the ability of children to create, manipulate, and utilize mental images for spatially 

related problem solving. Retrieved from http://files.eric.ed.gov/fulltext/ED352942.pdf 

Muir, T., Allen, J. M., Rayner, C. S., & Cleland, C. (2013). Preparing pre service teachers for 

classroom practice in a virtual world: A pilot study using Second Life. Journal of 

Interactive Media in Education, Spring2013, 1-17. Retrieved from http://jime.open. 

ac.uk/article/2013-03/pdf 

Pfeil, U., Ang, C., & Zaphiris, P. (2009). Issues and challenges of teaching and learning in 3D 

virtual worlds: Real life case studies. Educational Media International, 46(3), 223-238. 

Ralston, S. (2011). A more practical pedagogical ideal: Searching for a criterion of Deweyan 

growth. Educational Theory, 61(3), 351-364. 

Robbins-Bell, S. (2008). Higher education as virtual conversation. EDUCAUSE Review, 43(5), 

24-26,.  

Sakatani, K. (2005). Harmony quest: An interdisciplinary arts based project incorporating virtual 

reality. Visual Arts Research, 31(1), 53-62. 

Soong, B. (2008). Learning "through" computers: Uncovering students' thought processes while 

solving physics problems. Australasian Journal of Educational Technology, 24(5), 592-

610.  

Stone, S.J. (2009). Instructors’ perceptions of three-dimensional (3D) virtual worlds: 

Instructional use, implementation and benefits for adult learners.  



 127	  

Tapscott, D. (2009). Growing up digital: How the net generation is changing your world. New 

York, NY: McGraw Hill. 

Veenema, S., & Gardner, H. (1996). Multimedia and multiple intelligences. The American 

Prospect, 29, 69-75. Retrieved http://www.howardgardner.com /docs/Multimedia 

%20and%20Multiple%20Intelligences.pdf 

 



 128	  

APPENDIX A 

RESEARCH APPROVALS 

 

 

Figure A. 1. Houghton Mifflin Harcourt’s approval to translate and use the solar system part of 
Science Fusion, Indiana, Assessment Guide, Grade 6.  
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Figure A. 2. The education and learning department in Alhassa approval to do the study in the 
target school. Arabic letter. 
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Figure A. 3. Translation of the education and learning department in Alhassa approval to do the 
study in the target school.  
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Figure A. 4. The school’s approval to do the study. Arabic letter. 
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Figure A. 5. Translation of the school’s approval. 
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Figure A. 6.1. IRB approval to conduct the study in the target school. 
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Figure A. 6.2. IRB approval to conduct the study in the target school. 
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APPENDIX B 

INFORM CONSENTS/PARENTAL PERMISSION 

 

Figure B. 1. C3D group’s parent permission.  
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Figure B. 2. C3D group’s parent permission- signature sheet. 
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Figure B. 3. P3D group’s parent permission.  
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Figure B. 4. P3D group’s parent permission- signature sheet. 
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Figure B. 5. N3D group’s parent permission.  
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Figure B. 6. N3D group’s parent permission- signature sheet. 
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APPENDIX C 

 INFORM CONSENTS/CHILD ASSENT 

 

Figure C. 1. C3D group’s child assent.  
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Figure C. 2. P3D group’s child assent.  
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Figure C. 3. N3D group’s child assent.  
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APPENDIX D 

 INFORM CONSENTS/TEACHERS 

 

Figure D. 1. Art and science teachers’ consent to participate. First page. 
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Figure D. 2. Art and science teachers’ consent to participate. Second page. 
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Figure D. 3. Art and science teachers’ consent to participate. Third page. 
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APPENDIX E 

 PARTICIPANTS’ WORK IN PROJECT ONE 

 

	  
Figure E. 1. Project one by Participant 170. 

	  

	  
Figure E. 2. Project one by Participant 170. 
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Figure E. 3. Project one by Participants 185 and 194. 

	  

	  

	  
Figure E. 4. Project one by Participant 103. 
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Figure E. 5. Project one by Participant 103. 

	  

	  

	  
Figure E. 6. Project one by Participants 148 and 157. 
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Figure E. 7. Project one by Participant 143. 
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APPENDIX F 

 PARTICIPANTS’ WORK IN THE SCIENCE PROJECT	  

	  

	  
Figure F. 1. Earth by Participant 170. 

	  

	  
Figure F. 2. Mercury by Participant 170. 
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Figure F. 3. Sun, mercury, venus and earth by Participant 145. 

	  

	  

	  
Figure F. 4. Sun, mercury, venus and earth by Participant 145. 
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Figure F. 5. Sun, and earth by Participants 168 and 186. 

	  

	  

	  
Figure F. 6. Venus by Participants 185 and 194. 
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Figure F. 7. A view of the solar system by Participants 185 and 194. 

	  

	  

	  
Figure F. 8. The sun and mercury by Participant 103. 
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Figure F. 9. The sun and mercury by Participant 103. 

	  

	  

	  
Figure F. 10. saturn by Participant 103. 
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Figure F. 11. Jupiter by Participant 103. 

	  

	  

	  
Figure F. 12. Venus and the sun by Participant 165. 
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Figure F. 13. Jupiter and the sun by Participant 165. 

	  

	  

	  
Figure F. 14. Mars and the sun by Participant 165. 
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Figure F. 15. The sun, earth, and moon by Participant 116. 

	  

	  

	  
Figure F. 16. The sun, earth, and moon by Participant 116. 
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Figure F. 17. The sun, earth, and moon by Participant 116. 

	  

	  

	  
Figure F. 18. The sun, earth, and moon by Participant 178. 
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Figure F. 19. A view to the sun from neptune by Participant 178. 

	  

	  

	  
Figure F. 20. Mars and the sun by Participant 178. 
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Figure F. 21. Jupiter and the sun by Participants 132 and 169. 

	  

	  

	  
Figure F. 22. Venus by Participant 183. 
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Figure F. 23. Mars by Participant 183. 

	  

	  

	  
Figure F. 24. Earth and moon by Participant 183. 
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Figure F. 25. The sun, mercury, venus, earth, and moon by 
Participants 148 and 157. 

	  

	  

	  
Figure F. 26. The solar system by Participant 138. 
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Figure F. 27. The solar system by Participant 138. 
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APPENDIX G 

 PARTICIPANTS’ WORK IN THE YOUNG INSTRUCTOR PROGRAM	  

	  

	  
Figure G. 1. A downtown by Participant 170 (one week work as 
young instructor). 

	  

	  

	  
Figure G. 2. A downtown by Participant 170 (one week work as 
young instructor). 
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Figure G. 3. A building in a garden by Participant 178 (one week 
work as young instructor). 

	  

	  

	  
Figure G. 4. Trucks in street by Participant 165 (one week work as 
young instructor). 
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Figure G. 5. Trucks in street by Participant 165 (one week work as 
young instructor). 

	  

	  

	  
Figure G. 6. Cross street by Participant 103 (one week work as 
young instructor). 
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Figure G. 7. A downtown by Participant 116 (one week work as 
young instructor). 

	  

	  

	  
Figure G. 8. A downtown by Participant 116 (one week work as 
young instructor). 
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Figure G. 9. Work by Participant 183 (one week work as young 
instructor). 

	  

	  

	  
Figure G. 10. Work by Participant 183 (one week work as young 
instructor). 
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Figure G. 11. Work by Participant 227 (one week work as trainer). 

	  

	  

	  
Figure G. 12. Work by Participant 227 (one week work as trainer). 
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Figure G. 13. Work by Participant 398 (one week work as trainer). 

	  

	  

	  
Figure G. 14. Work by Participant 378 (one week work as trainer). 
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Figure G. 15. Work by Participant 358 (one week work as trainer) 
cars model was provided to the Participant. 
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APPENDIX	  H	  

THE	  SOLAR	  SYSTEM	  POSTTEST	  

From	  SCIENCE	  FUSION,	  Indiana,	  Assessment	  Guide,	  Grade	  6.	  	  copyright	  ©	  by	  Houghton	  
Mifflin	  Harcourt	  Publishing	  Company.	  	  All	  rights	  reserved.	  	  Reprinted	  by	  permission	  of	  
Houghton	  Mifflin	  Harcourt	  Publishing	  Company.	  
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APPENDIX I 

RUBRIC EVALUATION FORM 

 

 

Rubric Evaluation 

Create 3-D Group 

 

Evaluation number:     Evaluation Date: 

Group Members: 1:    2:   Group Number: 

This rubric form is to evaluate each group that includes two students in using Maya.  

Please assign number for each skill.  

1) Unsatisfactory 2) Below Average 3) Average 4) Above Average 5) Excellent 

       Not 
Apply 

1 Control Maya layout 1 2 3 4 5  
2 Use shortcut keys 1 2 3 4 5  
3 Use shelf to create models 1 2 3 4 5  
4 Use animation’s shelf 1 2 3 4 5  
5 Use dynamics shelf (gravity) 1 2 3 4 5  
6 Use rendering shelf 1 2 3 4 5  
7 Use Channel Box 1 2 3 4 5  
8 Use Attribute Editor 1 2 3 4 5  
9 Knew Maya’s concepts on polygon 1 2 3 4 5  

10 Apply changes to objects using vertex, edge, and face options. 1 2 3 4 5  
11 Apply changes to objects using move, rotate, and rescale options 1 2 3 4 5  
12 Modeling work quality 1 2 3 4 5  
13 Texture work quality 1 2 3 4 5  
14 Animation work quality 1 2 3 4 5  
15 Final work quality 1 2 3 4 5  
16 Use skeleton and bind skin options 1 2 3 4 5  
17 Create blend shape 1 2 3 4 5  
18 Create and control motion path 1 2 3 4 5  
19 Assign material (color and texture) 1 2 3 4 5  
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APPENDIX J 

INTERVIEW FORMS 

 

Students	  Interview	  

The	  following	  are	  student	  interview	  questionnaires	  to	  be	  asked	  after	  completing	  the	  Maya	  
training,	  science	  lessons,	  and	  posttest.	  

	  

1. Were	  you	  familiar	  with	  technology	  such	  as	  computer	  and	  video	  games	  before	  you	  

learned	  Maya?	  

2. How	  did	  you	  find	  the	  way	  that	  Maya	  works?	  

3. Can	  you	  compare	  between	  your	  favorite	  video	  games	  and	  Maya?	  

4. Did	  you	  have	  experience	  working	  in	  graphic	  design	  software	  before	  you	  used	  Maya?	  

5. How	  hard	  or	  easy	  was	  it	  to	  learn	  Maya?	  

6. What	  are	  the	  easy	  and	  hard	  parts	  of	  Maya?	  

7. How	  long	  did	  it	  take	  you	  to	  learn	  a	  new	  skill	  in	  Maya?	  

8. What	  were	  the	  problems	  that	  you	  faced	  learning	  and	  using	  Maya?	  

9. Do	  you	  like	  working	  with	  a	  team	  member	  best	  or	  working	  by	  your	  own?	  Why?	  

10. Do	  your	  works	  in	  Maya	  help	  you	  in	  your	  science	  learning?	  How	  is	  that?	  

11. Do	  you	  want	  to	  keep	  working	  in	  Maya	  for	  fun	  and	  making	  art?	  

12. Do	  you	  want	  to	  continue	  working	  in	  Maya	  for	  your	  science	  learning?	  

	  

Figure	  J.	  1.	  Students	  interview	  form.	  



 182	  

	  

Science	  Teacher	  Interview	  

The	  following	  are	  science	  teacher	  interview	  questionnaires	  to	  be	  asked	  after	  the	  students	  
complete	  training	  of	  Maya,	  science	  lessons,	  and	  posttests.	  

	  

1. Could	  you	  describe	  your	  experience	  about	  involving	  3-‐D	  media	  in	  your	  class?	  

2. Regarding	  students’	  understanding	  and	  showing	  interest	  in	  science	  content,	  could	  

you	  compare	  between	  (N3D)	  students	  who	  took	  normal	  science	  class,	  (P3D)	  

students	  who	  took	  science	  class	  involving	  3-‐D	  media,	  and	  (C3D)	  students	  who	  

created	  3-‐D	  as	  part	  of	  their	  science	  learning?	  

3. Regarding	  students’	  motivation,	  could	  you	  compare	  between	  students	  in	  (N3D),	  

(P3D),	  and	  (C3D).	  

4. Regarding	  science	  deep	  understanding	  and	  critical-‐thinking,	  could	  you	  compare	  

between	  students	  in	  (N3D),	  (P3D),	  and	  (C3D).	  

5. How	  hard	  or	  easy	  was	  it	  to	  involve	  3-‐D	  media	  in	  your	  class?	  

6. How	  did	  you	  see	  your	  students’	  acceptance	  of	  3-‐D	  media	  and	  3-‐D	  interactive	  media?	  

7. How	  did	  you	  rate	  your	  students’	  activities	  of	  3-‐D	  works	  comparing	  to	  usual	  science	  

activities	  work	  in	  your	  class?	  

8. Would	  you	  like	  to	  have	  3-‐D	  media	  in	  all	  of	  your	  science	  teaching?	  	  

9. Would	  you	  like	  to	  keep	  your	  students	  to	  create	  3-‐D	  media	  in	  all	  of	  your	  science	  

teaching?	  

Figure	  J.	  2.	  Science	  teacher	  interview	  form.	  



 183	  

Art	  Teacher	  Interview	  

The	  following	  are	  art	  teacher	  interview	  questionnaires	  to	  be	  asked	  after	  the	  (C3D)	  students	  
complete	  training	  of	  Maya,	  science	  lessons,	  and	  posttests.	  

	  

1. Could	  you	  describe	  your	  experience	  about	  involving	  3-‐D	  media	  in	  your	  class?	  

2. Before	  you	  saw	  your	  students	  create	  3-‐D	  objects,	  how	  did	  rate	  your	  seven	  grade	  

students’	  ability	  of	  understanding	  the	  concept	  of	  3-‐D	  drawing?	  What	  about	  rating	  

their	  ability	  of	  drawing	  and	  creating	  3-‐D?	  

3. Has	  the	  students’	  work	  with	  3-‐D	  software	  affected	  their	  ability	  of	  understanding	  the	  

concept	  of	  3-‐D?	  Please	  explain.	  

4. Now,	  how	  do	  you	  rate	  your	  students’	  3-‐D	  art?	  

5. In	  your	  opinion,	  did	  your	  students’	  art	  have	  been	  affected	  after	  involving	  in	  the	  3-‐D	  

training	  section	  of	  this	  study?	  Could	  you	  explain?	  

6. Do	  you	  think	  it’s	  possible	  that	  middle	  school	  students	  learn	  such	  programs?	  

7. Regarding	  students’	  motivation	  in	  art,	  could	  you	  compare	  between	  students	  who	  

used	  Maya	  and	  your	  other	  students	  in	  the	  same	  class	  level?	  	  

8. How	  hard	  or	  easy	  was	  it	  to	  involve	  3-‐D	  media	  in	  your	  class?	  

9. How	  did	  you	  see	  your	  students’	  acceptance	  of	  3-‐D	  media	  and	  3-‐D	  interactive	  media?	  

10. How	  do	  you	  rate	  your	  students’	  activities	  of	  3-‐D	  works	  using	  Maya	  comparing	  to	  

usual	  art	  activities	  work	  in	  your	  class?	  

11. Would	  you	  like	  to	  keep	  your	  students	  create	  3-‐D	  media	  in	  your	  art	  teaching?	  

	  

Figure	  J.	  3.	  Art	  teacher	  interview	  form.	  


