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ABSTRACT

Virtual reality offers new possibilities and new challenges for teaching and
learning. For students in elementary mathematics, it has been suggested that virtual
reality offers new ways of representing numeracy conceptsifotim of virtual reality
manipulatives. The main goal of this thesis is to investigate the effectiveness of using
desktop virtual reality as a cognitive tool to enhance the conceptual understanding of
numeracy concepts by elementary school children, fiaty addition and subtraction.

This research investigated the technical and educational aspects of virtual reality
manipulatives for children beginning to learn numeracy by implementing a prototype
mathematical virtual learning environment (MAVLE) applion and exploring its

educational effectiveness.

This research provides three main contributions. First, the proposed design
framework for the virtual reality model for cognitive learning. This framework
provides an initial structure that can be fertmefined or revised to generate a robust
design model for virtual reality learning environments. Second, the prototyping and
LPSOHPHQWDWLRQ RI D SUDFWLFDO YLUWXDO UHDOL)
facilitating the teaching and learning proges of numeracy concepts (integer addition
and subtraction) was proposed. Third, the evaluation of conceptual understanding of
VWXGHQWVY DFKLHYHPHQWY DQG WKH UHODWLRQVKLS
desktop virtual reality were examined, and/ KHLU LPSDFWV RQ VWXG

experiences were noted.

The successful development of the virtual reality manipulatives provides further
confirmation for the high potential of virtual reality technology for instructional use. In
short, the outcomesf this work express the feasibility and appropriateness of how
YLUWXDO UHDOLW\ PDQLSXODWLYHV DUH XVHG LQ FC
understanding of numeracy concepts. Virtual reality manipulatives may be the most
appropriate mathematicedls for the next generation. In conclusion, this research
proposes a feasible virtual reality model for cognitive learning that can be used to guide

the design of other virtual reality learning environments.
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CHAPTER 1 Introduction

1.1Background

When learning math, educators stress the importance of children conceptually
understanding primary mathematical concepts in order to comprehend albighef
mathematical thinking in future grade levelSafobj 20®; Brown, 2007) It was
GLVFRYHUHG WKDW FKLOGUHQYY DGYDQFHPHQWY LQ F
required standard because they are incapable of deciphering abstract concepts on their
own (Holmes and Adams, 2006). Research studies have highlighted a lack of
GHYHORSPHQW LQ WKH FRQFHSWXDO XQGHUVWDQGLQ
early primary school years (Robinson and Dubé, 2009; Ginsburg, 2009). However, the
reason for the poor understanding of addition and subtraction concepts might be that
learning them is multifaceted, requiring knowledgeout a different butelated

concepts (Fuson and Briars, 19@anobj 2009.

Math educators realised that the sense of touch kinesthetically sparked
FKLOGUHQYV LQWHUHVW DQG HQY)K XhetefdiéPhab@n FOD V
manipulatives (physical manipulatives) were often used in elementary mathematics
classrooms to explore mathematical concepts and procedures. Manipulatives, defined as
physical objects, are used as teaching tools to engage studémshandwn learning
of mathematicg¢Resnick and Ford, 1981hysicalManipulativescan come in a variety
of forms such as Diendsock/baselO blocks, Cuisenaire rods and Unifix cubes, and

they are treated as exteraation representation systemsidg classroom activities.
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It has not been common practice to link physical manipulative representations
cognitively with their symbolic representations, which has resulted in a limited amount
of serial translations of the actions (Goldin and Kaput, 1L998ll (1992) expressed that
SVWXGHQWY GR QRW DXWRPDWLFDOO\ PDNH FRQQHF
PDQLSXODWLYHV DQG PDQLSXODWLRQV XVLQJ WKH V
caused math educators to examine new ways to teach math condegtsamsputer
technology, which led to the replacement of physical manipulatives with computer
PDQLSXODWLYHV &OHPHQWYV 7KH QHFHVVLW\ R
understanding of math as an abstract concept led math educators to utilizéecompu

technology.

With the advancement of computer technology, the basic idea of math physical
manipulatives was extended to compuyeDVHG PDQLSXODWLYHV RU pupYL
(Moyer et al. (2002). Virtual manipulatives are an embodiment of physical
manipulatives in computegenerated programs and come in the form of-two
dimensional (2D) or thredimensional (3D) graphical representation (Moyer et al.,
2002). Virtual manipulatives are similar to the physical type in that they may be
manually slid, flipgd, turned and rotated using the computer mouse as though it was a
3D object (Moyer et al., 2001). However, virtual manipulatives have additional benefits
not obtainable with physical manipulatives, such as dynamic visualisation, immediate
feedback, simptity of access anywhere and multiple linked representations (Duffin,

2010).
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Furthermore, virtual manipulatives saved the teachers and students a lot of time
and createdh real interesin the teaching process. This technology helped children
control ther actions and interactions, which enabled them to internalise the concepts
they were learning (Sarama and Clements, 2009). Other researchers found that virtual
manipulatives could be individually customised for each cHilie childrenbecame
more attentie and interested in class because of the ease and flexibility they found

using the virtual manipulatives.

Because some researchers believed that the virtual manipulatives were superior,
math educators began to focus their research on how they could Weorefivirtual
manipulatives. Nevertheless, some researchers discovered that physical manipulatives
were better than virtual manipulatives because the information obtained using the
virtual manipulatives may be misunderstood due to the differences in foatve¢en
each, whereas they were understood when interacting with the physical manipulatives.
These mixed results suggest that there may be advanced virtual manipulatives that are
able to more closely resemble physical manipulatives. Ultimately, the cheear
suggested using a combination of physical and virtual manipulatives because they may
be more effective together than either is alone (Reimer and Moyer, 2098y et. al.,

2005;Suh and Moyer, 2007

Even with all the technology that has been idtreed in the natural and social
sciences in the last two decades, virtual reality technology was used. Virtual reality can
be described as a muliensory, highly interactive computer environment that makes
the user believe they are actually experiencirsifusation, although in reality, they are

looking at artificial environment (Gigan, 1993). The capabilities of virtual reality
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technology can help educators build a new visual language the bridges the gap between
the natural world and the abstract worlda{ty 2001). Being concerned with improving
virtual manipulatives, this research aimed to develop a new approached virtual

manipulatives.

1.2 Statement of the Problem

Research on numeracy using virtual reality technology is slight. It is not well
understood wiHWKHU WKH XVH RI YLUWXDO UHDOLW\ PDC
conceptual understanding at the elementary level, specifically in Saudi Arabian schools.
The current studyocusedon whether virtual reality technology could be used as a
cognitive tool fo HQKDQFLQJ FKLOGUHQYVY FRQFHSWXDO
mathematical concepts. One of the main issues addressed in this research is the design

necessary for virtual realityanipulatives tserve as cognitive tools.

1.3 Purpose of the Study

The purpose othis study was to verify the effect of applying virtual reality
manipulatives as cognitive tools in teaching the numeracy concepts of addition and
subtraction to elementary students in Saudi Arabia, the Jeddah area. The study aimed to
determine whether dfients were able to make connections between concrete and

abstract numeracy concepts using virtual reality manipulatives.

17



1.4 Rationale of the Study

Based on what cognitive developmental theorists believe (Piaget, 1952), it was
realised that the successful amdsonable process of learning for young children should
start with concrete concepts and then proceed to abstract symbols. Given that children at
early primary grade levels obtain knowledge through interactive experimental learning
methods, they will, cagequently, be able to apply that knowledge afterwards in higher
grades (Piaget, 1972). In accordance with Piaget views, Manches et al. (2009) stated
that if Manipulativeswere knowledgeably used in math learning, students' achievements

wouldincreaseand this could foster more positive attitudes towards math learning.

A review of previous studies about the use of physical manipulatives (Fey, 1979;
Suydam, 1984) and other studies concerning the use of virtual manipulatives (Herrere,
2003; Lamberty and Kolodm, 2004; Suh et al., 2005; Lyon, 2006; Brown, 2007; Suh
and Moyer, 2007; Yuan , 2009; Manches et al., 2010; Duffin, 2010) showed that
children were able to harness and use meanings of new mathematical concepts.
However, other studies expressed littldatiénce between using physical manipulatives
and virtual manipulatives (Steen et al., 2006; Suh and Moyer, R0fyer-Packenham,

2012).

Concerning the learning outcomes some studies noted that virtual reality
technology had its own impact on the educatioprocess because of its unique
capabilities (Gigante, 1993; Kameas et al., 2000; Roussou, 2004) and that using virtual
reality technology as a teaching tool has bridged the gap between the real world and the
abstract world (Yair, 2001). Based on the féett virtual reality provides the sense of

being included in the learning process, in that, the user is no longer looking at the data
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on a screen but rather is immersed as an active participant (Jackson and Fagan, 2000).
As far as it is crucial to improd WKH OHYHO RI WKH FKLOGUHQTV F

virtual reality technology appears to fulfil this need.

1.5ThesisScope

The scope of this thesis draws attention to three primary areas related to this
research. These interdisciplinary areas are iglgged with each other (Figuiel). The
conceptual diagram in Figure 1.1 illustrates the priorities of the research, and the review

in Chapter 2 relates to this illustration.

Computer

Education
Science

Learning Theories

Multimedia

Instructional
System Design

Virtual Reality

Scope of
the Thesis

Psychology

Human Cognitive
Development

Human Information
Processing

Figure 1.1 The conceptual diagramof thesisscope
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1.6 Organization of the Thesis

This thesis is organised into six chapters. Chapter 2 reviews and summarises the
relevant literature regarding math manipulatives (physical and virtual), the aspects of
virtual reality technology and its application as a cognitive legrriool and the
cognitive approaches used for multimedia instructional design to lay a foundation for
examination otirtual reality manipulativesChapter 3 presents the MALVE theoretical
and technical frameworkievelopmentChapter 4 provides details akiahe research
methodology. Chapter 5 presents the data analyses results and discussion. Chapter 6
provides a summary of the research and concludes with the contributions, implications

and possible future research related to this thesis.
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CHAPTER 2 Literature Review

The focus of this chapter is to present a summary of the literature relevant to
aspects of this research. There are three areas of linked work that are relevant to the
research presented in this thesis: math manipulatives (physical and virtual), virtual
reality learning environments and cognitive approaches used for multimedia

instructional design.

Regarding math manipulatives, most of the literature has reviewed their
XVHIXOQHVYV LQ WKH GHYHORSPHQW RI FKLOGUHQYV F
overview of historical theories. Research that has investigated the effectiveness of using
math manipulatives in the classroom as instructional tools are presented, as well as
teachers' perceptions regarding the use of math manipulatives. Then, aodebhiti
numeracy concepts (addition and subtraction) and an analysis of the common
difficulties and errors in learning them are highlighted, as are their influence on student

achievement.

Virtual reality technologies are discussed in terms of their capabitih engage
learners in the exploration, construction and manipulation of the virtual learning
environment. To examine cognitive approaches used for multimedia instructional
design, an overview of cognitive theory architectures that are relevant tanewuliti
instructional design is provided first. Second, the cognitive processes used when
designing an interactive multimedia and virtual reality learning environment are

considered.
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2.1 Math Manipulatives

Math manipulatives are materials often used in the rdass, especially in the
early grades. Children who use manipulatives may better comprehend both
mathematical ideas and their implementation in-liéalsituations (Marzola, 1987).
Manipulatives are tangible objects that represent or embody abstract matithém
concepts and may be seen and handled by the students (Moyer, 2001). Ultimately, math
manipulatives are essential tools for students, and they must be selected to appropriately

signify the particular objectives of the mathematics lesson (Boggan 2040).

The work of Piaget (1952) and Bruner (1960), amongst others, has helped
SURYLGH D WKHRUHWLFDO IRXQGDWLRQ IRU FKLOGUH
possible roleof physical objects in exploring and articulating ideas when childrén lac
WKH DELOLW\ WR GR VR PRUH DEVWUDFWO\ 'LHQHVT
it describes not only the types of activities, but also the types of materials that can be

used to support certain mathematical concepts.

2.1.1Relevanceof manipulatives in math learning

Constructing a suitable meaning for learning mathematical concepts and
processes has been attempted by a few cognitive psychologists, including Piaget (1952),
Bruner (1960) and Dienes (1960). In the following sections, we review theefeo

related to impactful mathematics learning among young children.
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2.1.1.1 Piaget's developmental theory

-HDQ 3LDJHW ZDV D FKLOG SV\FKRORJLVW 3LDJ
GHYHORSPHQW GHVFULEHV D FKLOGTV DGYDQFHPHQ
deveRSPHQW 3LDJHWTV WKHRU\ DOVR JLYHV DQ DSSUF

shown in chronological order in Figu2el.

‘ 11 years to adulthood

7 to 11 years ‘

Formal Operational

Mental operations applied
to abstract idea and
systematic thinking

‘ 2 to 7 years

Concrete Operational

Mental operations applied to
concrete events and mastery
of conversation

Pre-operational

Symbolic thinking and
conversation development

Birth to 2 years ‘

Sensory Motor

Sensory responses
and development of
object permanence

Figure 2.1 Piaget'sstages of cognitive development

Piaget recognised four main stages in a child's life. Sdvesory Motor stage is
when infants and babies are more concerned with learning abophykial world,
objects and their own physical development. Pheoperational stagels when a child
learns and develops verbal skills, including reading and writing. Cbacrete
Operational stageis when a child begins to understand abstract concepth, a&s
numbers and relationships. Finally, tRermal Operational stageis when a child

begins to reason logically and systematically.
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The cognitive development of a child and their ability to understand concepts
typically move from concrete to abstractGrHUVWDQGLQJ DFFRUGLQJ WF
mental development at the concrete operational stage (afjgés elementary school
level). Therefore, a child in this age range needs more practice with concrete materials
first to allow for the grasping of subguent abstract mathematical concepts. Hence,
children begin to understand symbols and abstract concepts only after experiencing the

ideas on a concrete level (Piaget, 1952).

SLDIJHWYV WKHRU\ SURSRVHG WKDW FKLOGUHQ LQ
have a significant mental maturifythus, he suggested that in order for children to be
able to recognise words or symbols used in abstract mathematical concepts, they should
practise with handen concrete materials. Therefore, constructing an interactive
OHDUQLQJ HQYLURQPHQW LV YHU\ LPSRUWDQW IRU LC
facilitating their initial constructions of connectiobstweendifferent elements in the

learning environment.

2.1.1.2BrunerfV FRIQLWLYH GHYHORSPHQW WKHRU\

Jerome Bruner wathe founder of cognitive psychology and one of the key
figures in the cognitive revolution of the 1960s. Bruner (1960) was a strong believer of
constructive learning. Constructive learning requires handactivities in which the
child can experience anest their ideas. Bruner considered the child to be an active
participant in learning and believed they should be urged to participate in the learning
SURFHVV $FFRUGLQJ WR %UXQHUTV WKHRU\ RI FF
representation i WR VLJQLI\ D FKLOGTYV GHPRQVWUDWLRQ

understanding: (aEnactive Representation acting on concrete objects; (bjonic
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Representation forming images of the concrete constructions; and Sgnbolic
Representation adopting synbolic notations. These three modes of representation
form the path in which information or knowledge is stored and encoded in the mind

(Figure2.2).

(During adolescence)

Symbolic Representation: Which is language-based

(During middle childhood) J
Iconic Representation: Which is image-based

(During earliest childhood)

Enactive Representation: Which is action-based

Figure 2.2 % U X Qgtadds\of cognitive development

Bruner believed that it was particularly crucial for a teacher to introduce various
tangible embodiments of the same concept before graduallynmahildren to more
symbolic ones. He also emphasised that different forms of representation of a single
concept may be more appropriate for children at various ages or stages of learning than
RWKHUV %UXQHU YLHZHG D FKLOGY{Vo GH Yddr@irgS P H Q \
environment, and the most important aspect was discerning the appropriate means of

producing the material to help a child progress through the stages of learning.

%UXQHUTY WKHRU\ ZDV HVWDEOLVKHG RQ WKH L
based on previous knowledge. Therefore, they used their existing knowledge to create
assumptions and assist them in solving problems, as well as exploring relationships.

This idea supports the notion that fully establishing a child's understanding afeppton
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is needed before proceeding to the next one. In regards to how children learn, it
becomes essential for a teacher to recognise that it will be hard for a child to decipher
new concepts without possessing the knowledge about how to relate the new

information.

%DVHG RQ WKH SUHYLRXV GHVFULSWLRQV RI 3LD.
mathematical concepts in the classroom may demand additional learning materials to
HQKDQFH FKLOGUHQTV FRQ F Fs8nabkDntateXald Gsddb \AWrath G L Q
MmaQLSXODWLYHYVY DVVLVW D FKLOGTV XVH RI YLVXDO
al., 2008). These materials can help elementary teachers bridge the gap between the use
of physical materials and the understanding of abstract concepts (BullocK,. 2003
6LPLODUO\ %UXQHU SURSRVHG WKDW WHDFKHUV FRC

with well-designed concrete materials to allow children to learn the required concepts.

2.1.1.3 Zoltan Dienes

Unlike Piaget and Bruner, Zoltan Dienes (1973) was concerngadlgnvith the
learning of mathematics, because he believed it differed from other sciences regarding
WKH QDWXUH RI VWUXFWXUDO UHODWLRQVKLSY DPRC
theory of learning mathematics emphasised the necessity of stfildéatsUHFW L QW H U
with their environment as they learn mathematics. He believed that various tangible
materials (i.e., physical manipulatives) were essential for students to obtain abstract

ideas and crucial for learning mathematics.
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Dienes drew upolr3LDJHWTV WKDW OHDUQLQJ ZDV DQ DF
four principles of learning instruction (dynamic principle, perceptual variability
principle, mathematical variability principle and constructively principle). He asserted
that children should leamith materials that varied perceptually but were all consistent

in their structural correspondence with the concept being learnt.

$UIJXDEO\ 'LHQHVY ZRUN WKDW UHODWHV WR WKH
VXSSRUWLQJ FKLOGUHDQ § dn®d)thedgpaatast RgaS8es, établyy theD X
basel0 blocks of his muiEDVH DULWKPHWLF EORFNV NQRZQ DV
et al., 2010). Dienes argued that learning Ha&Benumeration system consisted of
understanding the place value relationshapd applying the resulting concepts to-real

world situations.

2.1.2Physical Manipulatives

ODQLSXODWLYHV WRROV B3HPERG\ WKH FRUH Ul
mathematics, and they stimulate intuition ahdQ TXLU\" 5HVQLFN DQG )F
Manipulatives reprgent the objects used to teach math. They are modelled to be
accessible and easy for students to manage as concrete materials to understand abstract

ideas. They make concept awareness more realistic to enhance learning.

The use of manipulatives allows ldhren to grasp mathematical operations and
helps connect mental images and abstract ideas to their learning experiences. Although
extensive research has been conducted that supports the use of manipulatives across
grade levels, teachers in the classrooaraay use them to teach math cepts (Fey,

1979; Suydam, 1984).
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According to one study, teachers only used manipulatives for a restricted
number of children and only a few times throughout the school year (Scott, 1983).
Furthermore, another study fourtdht children who used a variety of manipulatives had
clearer mental images and could represent abstract thoughts better than those who did

not use handen materials (Hsiao, 2001).

2.1.3Virtual Manipulatives

Virtual manipulatives are simply a version of physioganipulatives on the
FRPSXWHU VFUHHQ UDWKHU WKDQ D VWXGHQWYV GHYV
DV DQ 3L QW HhhBed Widudl Hepr&sdriiation of a dynamic object that presents
RSSRUWXQLWLHV IRU FRQVWUXFWL @ialR RO thRoihgy L F D O
ZRUGYV YLUWXDO PDQLSXODW Lbaked sinulatiosHof Ipkysidal DV ¢
PDQLSXODWLYHYVY WKDW DUH DFFHVVHG YLD WKH ,QW

Flanagan, 2009).

Virtual manipulatives are usually in the form &dva or Flash Applets, and the
mouse or keyboard clicks can be used to select and flip, rotate and turn the
manipulatives. These manipulatives are useful when teaching mathematical skills such
as place value, carrying values and borrowing values (Kamail.et2001). Virtual
PDQLSXODWLYHY DUH HIIHFWLYH LQ IDFLOLWDWLQJ
concepts, and positive results seem to be caused by the visual nature of these
PDQLSXODWLYHY DQG WKH VWXGHQWYV mdd &ld®oywrL HV W

2005;Moyer-Packenham et al., 2008).
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The standard argument for using mathematical virtual manipulatives for young
children is that virtual manipulatives provide a tangible representation that children can
use to bootstrap the acquisition alfstract concepts in math (Paek et al., 20Th§

following terms represent the strengths of virtual manipulatives (Duffin, 2010):

f ConstraintszConstraints can be imposed that help focus student attention on
mathematical rules. For example, in base Wodkn blocks can only be
allowed in the tens column.

f Seeding £ Virtual manipulatives can be seeded or configured for use in
specific activities, increasing focus and saving start up time.

f Dynamic visualization +Visual representations of mathematical cepts
can be interacted with, allowing the learner to explore relationships.

f Multiple, linked representations: Representations can be linked to help
draw attention to the relationships between the representations and deepen
understanding.

f Hints and immedi® feedbacktSoftware can make learning more efficient
by giving hints when students request it and providing feedback when it
recognizes mistakes.

f Simulations + Learners can run simulations that otherwise would be
prohibitive in a classroom setting. Fexample, a spinner can be spun 1000's
of time in only a few seconds.

[ Instructional sequencesSequences of instructional activities can be built
into online materials that scaffold and focus student learning.

Cost tMany websitegprovide virtual manipulaves for free on the internet.
Saving £The state of virtual manipulatives can be easily printed or saved so
that it can be reviewed, modified, and discussed later.

f MaintenancezIn contrast to physical manipulatives, virtual manipulatives
don't get lost obroken.

f Access tVirtual manipulatives can be accessed anywhere there is internet

access including in student homes.
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There are varieties of virtual manipulatives found on the web that can be used in
the classroom. The NLVM has the most wealown developd virtual manipulatives
available on the Internet (Moyer et al., 2002; Yuan, 2009; Bouck and Flanagan, 2010).
The NLVM is a National Science Foundation (NSipported project that ran from
1999 to 2010 to develop a library ofumique interactive set ofweb-based virtual
manipulatives These are primarily provided in the form of interactive 2D/3D Java
applets. NLVM contains the most useful mathematical topics, and a teacher or student
can pick a topic and grade level from the matrix and then choose fimtncd math

topics (Figure 2.3).

/i 2 . . . .
- National Library of Virtual Manipulatives wahState Q)
Haz clic aqui para ver este sitio web en espaiiol .
() - .
Virtual Library About eNLVM Buy Now! | | @

Download New Free Trial Version 3.0!

mmmm
Number &
Operations

R 4 V,\
"/"ﬁ “-
'\

s
Measurement _ r i _, /
=

Data Analysis &
Probability

Credits | Contact | @ 1999-2010 Utah State University. All Rights Reserved.
English | Espafiol | Frangais | =X

Figure 2.3 National Library of Virtual Manipulatives (http://nlvm.usu.edu/)
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2.1.4Research Studies on the Use of Physical and Virtual Manipulatives

A great deal of information was found concerning tise of manipulatives in
teaching mathematics to elementaged students. In fact, many researchers studied the
impact of using math manipulatives (physical or virtual) in mathematics classroom
teaching and learning. A study conducted by Moreno and Mag&9j compared two
different types of virtual manipulatives aimed at learning mathematical addition of
whole numbers. One manipulative represented the problems using only a symbolic
form, and the second manipulative presented the problems using symisolad, and
verbal forms. The results showed significantly higher achievement in students who used

the manipulative with multiple representations (i.e., symbolic, visual and verbal).

In a research study dealing specifically with rational numbers, Reimer and
Moyer (2005) studied 19 thirgrade students during a tweeek classroom session
using several interactive virtual fraction manipulatives. Data were collected frem pre
and postest levels of student conceptual knowledge and procedural computation, as
well as student interviews and attitude surveys. Results from thetgsbsanalysis
indicated that students showed significant advancements in conceptual knowledge.
Furthermore, the results showed a significant positive relationship between conceptual
and pocedural knowledgef the posttest scores. The interviews and attitude surveys
showed that advancements in conceptual knowledge atgsbshay be attributed to the

active manipulation and immediate feedback provided by the virtual fraction applets.
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Suh HW DO LQ WKHLU VWXG\ 3"HYHORSLQJ )l
ODQLSXODWLYH &RQFHSW 7XWRULDOV"™ XVHG WZR Y
National Council of Teachers of Mathematics (NCTM) electronic standards and from
the NLVM to reinforce faction concepts in three fififrade classes with students of
different ability levels (low, average and high achievement based on standardised
testing results from the school). The advantageous characteristic of these virtual fraction
manipulatives washat they allowed students to experiment and test hypotheses in a
safe environment. This study was conducted in thrieeut class sessions to investigate

the learning characteristics afforded by virtual manipulatives technology tools.

The results of the WHUYDWLRQV DQG DQDO\WHV IURP 6X
showed that the students identified as low achievers seemed to benefit the most of the
three groups of students from working with the virtual manipulatives tutorials. This
study concluded by urging telsers to use virtual manipulative technologies. In
addition, they suggested that teachers, researchers, and educational technology
developers should ensure that effective computer programs and applets continue to

progress for mathematics teaching (Suh.e2805).

In a quasiexperimental preéest and postest design study Bolyard and Moyer
Packenham (2006) investigated the impact of virtual manipulatives on student
achievement in learning the concepts of integer addition and subtradtien.
participantsincluded 99 sixthgrade students in six mathematics classes. This study
used three different treatment groups of virtual manipulatives: virtual integer chips,

virtual integer chips withantext and virtual number line.
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Overall, the findings indicated thstudents in each of the three treatment groups
made significant preto posttest gains in understanding both integer addition and
subtraction concepts. Moreover, the analysis of the differences among the three
treatment groups at petdst indicated thaV WX GHQWVY SHUIRUPDQFHV R
and subtraction items were similar. The general conclusion is that the virtual
PDQLSXODWLYH HQYLURQPHQWY VXSSRUWHG VWXGHQ\

group assignment (Bolyard and MoyRackenhanm006).

Steen et al. (2006), in their study, investigated the existing differences in the
academic achievement of firgtade students in a geometry unit who used virtual
manipulatives and those students who used the traditionateeimended practice
activities. Thirty-one students were randomly assigned to either a virtual manipulatives
group or control group. The virtual manipulatives used in this study were from the
NLVM, the Arcytech, the NCTM llluminations and Math Cats. Aeet and postest
were conductedh both groups. The tests and assessment activities used for both groups
ZHUH LQ FRPSOLDQFH ZLWK WKH p*UDGH 2QHY DQG |

publisher.

Results showed that the virtual manipulatives group had significant
improvemeng from pretest to postest at both the Grade One and Grade Tesi
level. The control group only showed a significant improvement at the Grade Two test
level. These results indicated that applying virtual manipulatives as an instructional tool
was extrenely effective for the virtual manipulatives group and, perhaps, more effective

than using the traditional text activities (Steen et al., 2006).
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A mixed-methods study was conducted by Suh and M&gakenham (2007)
that compared mathematics achievemertiva third-grade classrooms using physical
and virtual manipulatives. This study examined the representational connections
between visual and verbal/symbolic codes and their effect on understanding fraction
concepts. The study used a witlsinbject crossove repeateemeasures design and
contained an examination of quantitative data-(pnel postest). Qualitative data (field
QRWHYVY VWXGHQWVYTY ZULWWHQ ZRUNV VWXGHQW LQW
collected to help the researchers to furth@erpret the results of the quantitative

findings.

The results from this study revealed statistically significant differences in
student achievement in favour of the virtual manipulative treatment. For a further
interpretation of these results, Suh and ktogpplied the framework of the de@ding
WKHRU\ WR LQGLYLGXDO WHVW LWHPV $Q DQDO\VL
evidence of pictorial and numeric connections among their work, indicating that the
multi-representational presentation of the fi@eaddition process stimulated
interrelated systems of coding information. Although, the physical manipulatives group
performed better on the duebded items than the singteded items, the virtual
manipulatives treatment group performed significamtyter overall on all test items
than the physical manipulatives group. This study concluded by suggesting that the use
of duatcoded representations in virtual manipulative environments that associate visual
images with symbolic notation systems have ploéential to be effective in teaching

mathematical processes (Suh and Mayackenham, 2007).
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In another study, Suh and Moyer (2007) applied a classroom project that
included two groups of thirgrade students in a weébng unit focusing on algebraic
relaionships using physical and virtual manipulative. The target of the unit was to
engage students with different algebraic models and motivate students to use informal
strategies to represent their relational thinking. The virtual manipulatives had unique
features that promoted student thinking such as (a) explicit linking of visual and
symbolic modes; (b) guided systematic support in algorithmic processes; and (c)
immediate feedback and a selfecking system. However, the physical manipulatives
had uniqudeatures such as (a) tactility; (b) opportunities for invented strategies; and (c)

mental mathematics.

Suh and Moyer (2007) recorded field notes, interviewed students and videotaped
class sessions in order to identify unique features of the learning mmends. Result
from the pre and pogést measures showed that students in the physical and virtual
manipulative environments gained significantly in achievement and revealed elasticity
in interpreting and representing their understanding in multiple septations. These
results showed that although the different manipulative models had different features,
ERWK WKH SK\VLFDO DQG YLUWXDO PDQLSXODWLYHYV Z

and stimulating relational thinking and algebraic reaso(ttudp and Moyer, 2007).

Brown (2007) designed his study to investigate the impact of using virtual
manipulatives and physical manipulatives on 48 s@ti DGH VWXGHQWVY OH
and concepts in equivalent fractions. These students will be dividetdvotoeatment
groups: one group will receive mathematics instruction with virtual manipulatives and

the other will receive mathematics instroctiwith physical manipulatives.
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A pretest and postest was conductedh ERWK JURXSYV DQG D VWXG
VXUYH\ ZDV GLVWULEXWHG DW WKH HQG RI WKH VWXC
not students who used virtual manipulatives would-parform students who used
physical manipulatives on the pdsest. A minority LQWHUHVW ZDV VWXGH!

abou usingManipulativesin the mathematics classroom.

Posttest results showed that physical manipulative use had a greater impact on
VWXGHQWVY DFKLHYHPHQWY WKDQ WKH YLUWXDO PDQ
the scoring differences in the pdests were as follows: (a) the students in the physical
manipulatives group began with higher {pest scores and, therefore, had a better
understanding of equivalent fractions at the onset of the study and (b) the instructions
for the use of the physicahanipulatives were more efficient than those given for the

use of the virtual manipulatives.

7KLY VWXG\ DOVR PHDVXUHG VWXGHQWVYT DWWLW

manipulatives in the mathematics classroom. Students reflected positive attitudes
towards using both manipulatives, but they tended more towards the virtual
manipulatives than the physical manipulatives. Based on these findings, Brown
concluded that students who received equivalent fraction instruction with physical
manipulatives surpassestudents who received equivalent fraction instruction with
virtual manipulatives. He also concluded that the use of manipulatives, both virtual and
physical, boosted the learning environment in the elementary mathematics classroom

(Brown, 2007).
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Moyer-Pa&kenham et al. (2008) examined teacher use of virtual manipulatives
across Grades R after participating in a professional development institute where
manipulatives and technology were the main resources used in all of the activities. The
collected data ft¢ WKH VWXG\ GHSHQGHG RQ WKH UHVHDUI
summaries where teachers explained their uses of virtual manipulatives within their
classroom mathematical instruction. It was familiar for teachers to use the virtual
manipulatives alone or a& follow-up to physical manipulatives use. One essential
finding of this study was that teachers used the virtnahipulativesduring their

regularmathematicénstruction.

Another remarkable finding from this study was the elucidation of the most
commonvirtual manipulatives used across the grade levels: geoboards, pattern blocks,
tangrams and baskd blocks. The results also provided the manner in which these
manipulatives were used by teachers as cognitive technological tools. Further findings
suggest&s WKDW WHDFKHUVY FKRLFHY DERXW ZKLFK YLUW
to teach while using them and whether to use virtual manipulatives along with physical
manipulatives were primarily affected by their acquaintance with similar physical
manipubtives and beliefs about the mathematical, cognitive and pedagogical fidelity of
virtual manipulative use. The results ultimately expressed that virtual manipulatives
were central to mathematics learning and were frequently used in conjunction with
physica manipulatives. Finally, MoyePackenham et al. (2008) recommended that
further examinations were required that usediepth interviews with teachers and
observations of classroom implementation to reveal additional insights into these

results.
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Daher (209) explored the use of virtual manipulatives applets byspreice
teachers to solve mathematical problems and how they understood this work. This
understanding indicated whether and in what manner they would use the applets as
teaching tools. Moreovethis study further explored the functions, effectiveness and
benefits of the applets while tackling mathematical problems. To analyze the
participants' solutions, difficulties and needs for the applets, content analysis was
performed to help verify the ogorence of specific words or concepts within the text

and the relationships among these words and concepts.

The factors that affectedW KH SDUWLFLSD QWMNTnesedfGr HppéW D Q G
use were their capabilities in implementing the activity correci)kK H DSSOHWV | |
actions and operations and the type of problems that hampered implementation. This
means that preervice teachers should initially be introduced to applets that have no
operationsor compatibility problems so they may, consequeriigcome interested in
their work with the applets and see them as worthy teaching tools without encountering
difficulties that ould decrease their importancglthough many of the participants
believed that mathematical problems could be solved withoagubie applets, they
still stressed the role of the applets as boosting, simplifying and explaining
mathematical problems' statements and solutions. Simultaneously, they indicated that
applets were tools that learners enjoyed using and that motivated tthesolve

mathematical problems.

38



Daher (209) study concluded by reporting that gervice teachers were likely
to use applets in their future teaching practices when they want to improve and develop
their students' learning or generate interest in mathematichlepn solving. The
researcher suggested that designers of educational applets may benefit from this
research by taking its findings into consideration when making efficient design

decisions.

To propose a muHiepresentative construction model, Hwang et (2009)
developed an innovative virtual manipulatives and whiteboard (VMW) system that
combined virtual manipulatives and multimedia whiteboards. The VMW system
allowed users to manipulate virtual objects in a 3D space thatviesed from any
perspectie to find clues and solve geometry problems. The purpose of the VMW was
to promote a multrepresentative construction model based on a pedagogical theory that
VWDWHY 32&KLOGUHQ ZRXOG FRQVWUXFW WKHLU JHRPI
like maming the concrete items to abstract ideas through physical or mental

PDQLSXODWLRQ  +ZDQJ HW DO

The intended system was evaluated with one pilot study to investigate its
perceived ease of use and effectiveness. The results showed that the psyptesad
was recognised as useful and enabled students to understand the processes of geometry
problem solving, such as using various solving strategies, as well as revealing
JHRPHWULFDO PLVFRQFHSWLRQV )XUWKHUPRUH VWX
using their manipulations in the 3D space, and the solutions were recorded in the

whiteboards.

39



Results indicated that the VMW system could afford more elastic thinking than
paper and pencil practices, or even manipulation of actual physical object, to |
students approach their utmost potential in understanding and solving geometry
problems. Moreover, it was discovered that most students agreed that the VMW system
helped them use various representations for solving geometry problems and simplified
and wdened their thinking to incorporate different viewpoints in the 3D arena.
Additionally, the students felt that the VMW system could help them show their

solutions more completely (Hwang et al., 2009).

Yuan (2009) investigated how elementary school teacherTaiwan applied
web-based virtual manipulatives to mathematics teaching and the issues that emerged
from these applications. The chosen virtual manipulatives applets were taken from the
NLVM. Four elementary school teachers in Taiwan were chosen tipate in this
study. Each teacher applied their own case study at a certain grade level, and their
selections of applets were based on their individual interests. In other words, these
teachers decided when and how to use a specific applet for thd@nttuThe teachers
incorporated the virtual manipulatives into their classroom teaching to help students
visualise mathematical relationships and to actively involve them in their leafliag.
study included four case studies: Case 1 used base bloGkade 2; Case 2 used base
blocks decimals in Grade 4; Case 3 used the Diffy game in Grade 5; and Case 4 used

isometric geoboards iBrade 5.
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The results were obtained through selborted observations from the four
teachers. The results indicated thatual manipulatives are able to be used by students
with different learning capabilities, such as lower achievers and higher achievers. It
seems that teachers in the lower grades were more willing to apply virtual manipulatives
applets than teachers at tigher grade levels. Regardless, insufficiencies in modelling
the tools and teacher training for their use may minimise the effectiveness of the
applications. In his recommendations, Yuan proposed that future research should
include more teachers to undind their instructional points of view about the
application of virtual manipulatives in their teaching methods. Additionally, to obtain
crucial and adequate results, it is essential to have the researcher attend the classroom

DQG REVHUYH WKiHcRS&/ XGHQWVY Z

Fishwick and Park (2009) presented a method and application for teaching the
distributive law of algebra and basic algebraic computations within a -osdti
environment called Second Life. The main goal of this work was to use the technology
of this environment and investigate how it could be applied to provide substitute
methods of representation. The first illustration of the distribtlivwe concept was
through the use of 2D projections. However, with Second Life, the algebraic variables
and their operators emerge to the user in an immersive setting, and the objects are
positioned by dragging and placing them using the computer mouse. Additionally, with
Second Life, multiple users can perform operations at the same time; thus, this process
can be used within a teachstudent setting, with the teacher representing one avatar

and the students representing their own avatars.
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Fishwick and Park (2009) concluded that there was a significant learning curve
when working with 3D Second Life compdrevith the 2D version because algebraic
variables and their operators in Second Life are given to the user in an immersive
setting. Furthermore, they predicted that this type of immersion system could be used to
deepen the experience and subsequent uaddisy because users could move around
in the environment and be pulled towards the virtual manipulatives. However, 3D
LQWHUIDFHVY VWLOO UHTXLUH GHYHORSPHQW WR VWLF

them.

In a study by Yuan et al. (2010), theyvdped virtual manipulative
polyominoes kits for junior high school students in Taipei County, Taiwan, to
investigate polyominoes use. Sixty eiglgtade students (27 boys and 33 girls) from
two different classes participated. To compare the problem ngplperformance
differences between using physical manipulatives and virtual manipulatives, non
equivalent quasexperimental group preand postests were conducted. Students in the
experimental group used virtual manipulatives to explore polyominoeshasel in the
FRQWURO JURXS XVHG SK\VLFDO PDQLSXODWLYHV 6W
for the virtual manipulative group were also analysed to understand their perceptions

about using the virtual manipulatives.

The results of the comparisbnbetween the effectiveness of virtual
manipulatives and that of physical manipulatives indicated that using the virtual
manipulatives was as effective as using the physical manipulatives for boosting the
learning of polyominoes. This study also showedt thatual and physical

UHSUHVHQWDWLRQV HQKDQFHG VWXGHQWVYTY SUREOHI
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merely substituting the physical manipulatives with virtual manipulatives did not
influence the amount of learning. It was actually the instructionsipdethat affected
performance. Hence, the research stated that regardless of the instructional tools used,
teachers should focus on instructional design to allow for adequate use of the

manipulatives (Yuan et al., 2010).

Furthermore, based on the studé€htd) HVSRQVHY RI DWWLWXGHV
expressed that the virtual manipulatives were easier to operate during problem solving
for polyominoes, and virtual manipulatives could dedicate their awareness to group
discussion. It was also noticed thaerh were different problemsolving behaviours
between the groups, despite the fact that students in both groups were given the same
instructions to solve for the number of polyominoes. It was effectively recommended
that if the physical environment coulde bmodified to create more space for
manipulating physical manipulatives, such as on tables so they could easily fix and
rotate them, the students would similarly attain the ideas and attitudes of those who used

virtual manipulatives (Yuan et al., 2010).

A metaanalysis study comparing the use of virtual manipulatives with other
instructional treatments was conducted by Meackenham and Westenskow (2011)
to combine quantitative results from research involving virtual manipulatives and
inspect the effectsf virtual manipulatives as an instructional tool in studies of differing
GXUDWLRQV &RPSDULVRQV ZHUH PDGH XVLQJ &RKHQFY

treatment effect magnitle independent of sample size.
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The outcomes from 29 research reports yield@deffect size scores that were
grouped and averaged to determine the total effects of virtual manipulatives use alone
and in conjunction with physical manipulatives or other instructional treatmems.
results from the metanalysis revealed that virtuahanipulatives had a moderate
average effect on student achievement compared with other methods of instruction. The
results also proposed that the length of treatment for virtual manipulatives affected the
average effect size scores, and larger effect sinees resulted whenskons were of

longer durations.

Moyer-Packenham and Westenskow (2014tudy concluded that virtual
manipulatives were influential instructional tools for teaching mathematics because they
KDYH GLVWLQFWLYH FKDUDFWHULVWLFV WK&eW SRVI
compared with other instructional methodghis study also suggested that further
research was required to decipher whether the use of virtual manipulatives as
instructional tools was more influential for some students thantherause little is
known about how learner characteristics, virtual manipulatives applet features or

instructional methods affect student learning.

Akkan and Cakir (2012) investigated peHUYLFH WHDFKHUVY SRLQ'
using virtual and physical amipulatives in mathematics teaching. The virtual
manipulatives in this study were taken from the NLVM. The sample for this research
consisted of 187 preervice teachers (92 of which were in their first year and 95 were in
their third year) in the Deparent of Classroom Teaching at Kafkas University. In this

context, questionnairesd interviews were conducted.
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The results of the questionnaire analyses regarding the reasons for choosing
virtual manipulatives were as follows: They have more positive teffen the
motivation of students, have more influence on developing problem solving skills,
provide immediate feedback, are pleasurable and fun, are both time and economically
efficient and provide opportunities for individual successive trials at difféirmes by

students at different levels of achievements.

However, some of the pigervice teachers preferred the physical manipulatives
and explained their reasons as follows: They allow for simultaneous visual and tactile
discovery, easy obtain ability drgroup work. This study concluded that most of the
pre-service teachers stated that both physical and virtual manipulatives were essential
for teaching mathematical concepts, discovering mathematical relationships and
boosting mathematical thinking. Theglso indicated that the use of manipulatives
ZRXOG IXUWKHU WKH GHYHORSPHQW RI VWXGHQWVSY D
and preservice teachers need to be motivated, encouraged and trained on the activities

designs to effectively use these tgpd manipulativegAkkan and Cakir2012)

Moyer-Packenham and Suh (2012) explored the effect of virtual manipulatives
on various achievement groups through a teaching exploration that included 58 fifth
grade students in four classes at the same school. There was one lowngrolif)(
two average groups (n = 12 and n = 12) and one high group (n = 21). During a two
week unit focusing on two rational number concepts, three groups (low, high and one
average) used virtual manipulatives from the NLVM website and the NCTM electronic

resources, and the other averagaigrosed physidamanipulatives.
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Data sources included preand possWHVW VFRUHV IRU VWXGHQ
content knowledge and videotapes of classroom ses3ibagesults from the prend
posttests indicated signdant improvements. The lowachieving students showed
significant gains as an individual group, whereas only numerical gains for students in
the average and high achieving groups were recognised. Qualitative data gathered from
videotapes of classroom seéms suggested that the different achievement groups
experienced the virtual manipulatives in different wayke highachieving group
noticed patterns easily and moved to the use of symbols, whereas the -aaedge
lower-achieving groups were more depent on pictorial representations as they
systematically worked stepwise through the processes and presedising

mathematical symbols.

Eventually, virtual manipulative applets that include multiple capacities may be
considered beneficial for the highachieving students because of the inclusion of
multiple examples, whereas the same applets may be considered as hindrances for
lower-achieving students because of the limited guiding feedbdoler-Packenham
and Suh (2012) concluded by stating that it wssential to consider which applets are
more influential and beneficial to students of different achievement levels and how
interrelated affordances may affect various students during mathematics instruction. The
different effects on students of differemthievement levels are important aspects to
consider when designing mathematics instruction that uses technology. These different
impacts may have been caused by the visual and pictorial representations that shaped

WKH VWXGHQWVY SHUFfHSWLRQV RI WKH FRQFHSW
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2.1.5Numeracy Concepts and Instruction

Numeracy, as defined by the National Numeracy Strategy, is a proficiency that
requires an understanding of the numerical system (Doig et al., 2003; Brown et al.,
2003). Numeracy is a core part of early childhood devety (Doig et al., 2003).
Developing a solid understanding of a positional HeEB@umeration system during the
pre-kindergarten to secongfrade years are essential for every child (NCTM, 2000).
Therefore, the NCTM defines the principles and standardsrabars and operations as

follows:

f Understanding the plasalue structure ofhe basel0 numeration system
and representing and comparing whole numbers and decimals;

f Understandinghe various concepts regarding addition and subtraction of
whole numbers, asell as the relationship between the two operations;

f Computing and using strategies to develop fluency with basic number

combinationghat focuse®n addition and subtraction.

The multidigit basel0 positional numeration system is represented in terms of
11TV 1TV Tv. HWF WKLV PHDQV WKDW HDFK QXPHUI
its place (i.e., place value) (Ball, 1988). According to Fuson (1990), -digiti
understanding is difficult because it requires children to understand not only how
numbers can be partitioned according to the values of the-Baseimeration system,
but also how these values interrelate. Thus, to understand written numbers -digytulti
numbers, children must build naraalue and positional bas numeration conceptual
structures for the words and the numbers and relate these conceptual structures to each

other, as well as to the words and the numbers (Fuson and Briars, 1990).
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The difficulty in understanding numeracy concepts is well researched. Thomas
et al. (2002) imestigated children's understanding of the number system and found that
children do not develop sufficient understanding of numeracy as a positiongl(ase
numeration system. Moreover, numeracy procedures involving the manipulation of
digits, such as theegrouping concept (i.e., carrying over and borrowing) in addition
and subtraction, are influenced by a sufficient understanding of thelBaseameration

system of numbers (Fuson, 1990).

According to Fuson (1992), children are often taught nuidfit addition and
subtraction as sequential procedures of sidgie numbers, and digits are written in
certain locations. More specifically, these procedures deal with-digitinumbers as
singledigit numbers situated next to each other rather than asimgltidigit place
value meaningor the digits in different positional bad® numeration. Thus, they seem

to be using a concatenated sindigit conceptual structure for mudtigit numbers.

The computational algorithms standard for addition and sulatraare typically
performed according to the concept of place value. When addition and subtraction are
approached, previous knowledge of place value must be considered by children.
Addition and subtraction for multligit numbers must be done digit by digeginning
with the number on the right side (i.e., from lower place value to higher place value or

from ones to tens and so on).
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Many children who implement addition and subtraction computational
algorithms accurately apply this procedurally and do wmoaderstand the essential
aspects of the procedure and are not able to provide the values from the regrouping
concept (i.,e. carry and borrow) that they have already writtamdbi et. al. 198;

Canobi et. al., 2002 Actually, students must have some Wiexige of the placgalue
concept to be able to regroup numbers through addition and subtraction. Therefore,
through the learning of addition and subtraction, children build up knowledge about the
placevalue concept (i.e., ones, tens, hundreds, etc.)o(Fus®0; Fuson and Bair,

1990).

Piaget (1952) and Bruner (1966) recommended the use of physical materials for
learning based on their observations of the way children interacted with their
environment and the way they handled concepts not part of tfesiops knowledge.
Piaget emphasised that children's conceptual development is based on their active
interactions with objects. In other words, he stated that children who learned
mathematical relationships using physical objects could build more accamdte

inclusive mental representations than those who did not have these experiences.

KHQ LOQWURGXFLQJ SODFH YDOXH 'LHQHVY EOF
mentioned. It is believed that Dienes invented and developedlbasiecks, which are
referred to ass LHQHVY EORFNV WR WHDFK SODFI9 bVoEk® XH 6
consist of individual units and pieces: long pieces contain 10 units, flats pieces contain
10 long pieces and blocks contain 10 flat pieces. They are used to showabhlecéor
numbes and to increase understanding of addition and subtraction algorithms (see

Figure2.4).
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Figure 2.4 Dienes base€l0 blocks manipulatives

The use of bas&0 blocks enables children to create westablished, intuitive
conceptual understanding for more formal arithmetic operations suatdigon and
subtraction (Goldstone and Son, 2005). Burris (2010) stated that using(atecks
increased perception of the positional ba®enumeration system, as traditionally
viewed, and directly correlated to the mathematical algorithms for exddind
subtraction. Once children understand place value, they can deal with complex
algorithms without the need to memorise rules that may blur their understanding
(Richardson, 1999).These topics were recognised as being difficult to comprehend at
this early stage of knowledge development. Two research studies, conducted by
Robinson and Dube (2009) and Ginsburg (2009), highlighted the lack of development
RI FRQFHSWXDO XQGHUVWDQGLQJ RI DGGLWLRQ DQG
early elementartyEKRRO \HDUV 6LPLODUO\ PDWK HGXFDWRUYV
conceptual understanding of primary mathematical concepts. According to Brown

(2007), this understanding improved mathematical thinking in later grades.
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2.2 Virtual Reality

Virtual Reality LV GHILQHG E\ ORVKHOO Htiwie Qra@phical DV
simulation with which the user interacts via some form of analogy control, within a
spatial frame of reference and with user control of the viewpoint's motion and view
GLUHFWLRQ ~ i@ RWiKudlUedBtydisLa® a 3D graphical simulation model
where a user can control the viewpoints and motions and interact intuitively in real time,
causing the virtual experience to feel more real (Wilson, 1999; Moshell et al., 2002).
Furthermore, viual reality can be described as a msénsory, highly interactive
computer environment that makes the user believe they are actually experiencing a
situation, even though they are, in reality, participating in an artificial environment

(Gigante, 1993Kameas et al., 2000; Roussou, 2004).

Virtual reality systems have three main characteristics: faettsory, interactive
and inherent engagement of its users in an artificial environment (Burdea and Coiffet,
2004). Moreover, virtual reality is classifiedcrding to the level of immersion it
provides ranging from senmnmersive (or desktop) to fully immersive (Scalese et al.,
2008). Most virtual reality systems attempt to support users by providing the ability to
interact with the system as they would withal objects in the real world. One of the
central foundations for why virtual reality has been used for training and educational
purposes is the aspect of high interactivity and the ability to present a virtual reality

environment that is similar ttereal world(Lee and Wong, 2008).
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2.2.1Virtual Reality Essential Attributes

Virtual reality can be seen as a continuation of the spectrum by which the real
world is perceived (i.e., 2D, 3D and virtual reality). The 2D graphics are representations
of any pictureproviding only the width and height but no depth, whereas 3D graphics
are representations of an object providing the dimensions of width, height and depth
(volume), but the viewer cannot see what is behind the image, and therefore, it is as if
the viewer § looking at a 2D image of a 3D object (Giambrouno, 2002). In 3D images,
only the sides of certain objects can be seen no matter how the head is moved around

that image (Giambrouno, 2002).

In virtual reality environments, 3D objects can be rotated wispaet to the
user, or they can remain stationary, allowing the user to move around them, select a
certain portion to view or zoom in and out for more or less detalil; it is as if the user is
looking through the viewfinder of a rapidly moving video camem@dy et al., 1997).
Animation can illustrate the movements of 2D or 3D objects, but virtual reality provides

XVHUV ZLWK D VWURQJHU VHQVH Rl phnEHLQJ WKHUHTYT 7

In psychology, it is understood that a 2D image is represented in the human
brain as a recognised set of 3D shapes arranged in a 3D space; this scenario is referred
to as the mental map of our understanding of the world conveyed by the image.
However, in 3D computer graphics, the equivalent of the mental map is the graphical
scene and the snapshots of the map are the equivalent of 3D modelling objects

(Larnder, 2002).
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Therefore, one has to make the distinction between 3D graphical environments
and virtual reality environments. The distinguishing features of a virtual reality
envimnment from other 3D modelling systems are its concentration ortimesal
graphics, interactive capabilitiesxd immersion, rather than the simple dimensions of
the graphics (Wilson et al., 1996). There are three main features that distinguish virtual
realty systems from other graphical multimedia applicatiohdgon et al., 1996 Stary,

2007, Trindade et al., 2002):

f Navigation: This is the most prevalent user action in a virtual reality
environment. It presents challenges such as supporting spatiahassend
providing efficient and comfortable movement between distant locations so
that users can focus on more important tasks.

f Interaction:Interactions between the user and the environment are in real
time with 3D objects, and these interactions geeetfa subjective feeling
of being present.

f Immersion:immersion means the feeling of presence, where presence is
interpreted as the sense of being in the environment that is depicted by
virtual reality technology and the ability to act within that envirenim

These features are distinctive from other visual educational technologies such as
film, television and multimedia. A photo or movie may show students the internal
geometry of objects, but only virtual reality allows them to enter inside and observe it

from any perspective (Stary, 2001; Trindade et al., 2002).

Hedberg and Alexander (1996) argued that the defining attribute of virtual
reality environments was the range of interactive multimedia environments capable of
displaying various degrees of theepiously mentioned distinguishing features through

what has been termed virtual worlds, or varying degrees of virtuality (Figure 2.5).
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representations of directly manipulated by
information the user
< >
Degree of immersion (sensory, conceprual and motivarional)
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Fidelity of representation of informarion
< »
Degree of active learner participation

Figure 2.5 Comparisons between interactive virtual reality and multimedia (adapted from Hedberg
and Alexander, 1996).

2.2.2Types of Virtual Reality Systems

Virtual reality systems vary according to the type of technological equipment
used, such as displayed hardware and interaction devices. Virtual reality systems
(Figure 2.6) are generally classified according to the level of immersion they provide,
ranging from semimmersive (or desktop) virtual reality to fully immersive virtual
redity to augmented reality (AR) (Mantovani et al. 2003; Christou, 2010). Desktop and
fully immersive virtual reality systems have been widely used by industrial enterprises

to train their personnel and in educational systems as learning tools-JRit&s2010).

The simplest ways to display a virtual reality world in a senmersive system
is through the use of largeereen projection (see Figure 2.6[1]) with or without stereo, a
table projection system or with a conventional monitor (see Figure 2.6vf@&)e the

interaction is performed using a regular moasd keyboard (Christou, 2010).
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A virtual world is another form of desktop virtual reality that has the ability to
offer new competence for users to enhance and support learning. Collaborative virtual
world systems provide interactions among two or more avatars controlled by humans
(Christou, 2010). Many opesource software packages are available to enable the
creation of a virtual world. Some of the most walbwn examples of virtual worlds

includethe following (Varcholik et al., 2009):

f Second Lifg(http://secondlife.con)/
f Active World (ttp://www.activeworlds.con)/

f Open Wonderlandhftp://openwonderland.ory/

f OpenSimulator(http://opensimulator.org/wiki/Main_Pape
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Types of Virtual Reality Systems

[ 1

Augmented Reality|

Semi-immersive Full-immersive

o)

Figure 2.6 Types of Virtual Reality Systems: (1) projection screen, laptop andglasses; (2) conventional monitor, keyboard and mouse; (3) CAVE; (4) HMD and Data
Gloves; (5) AR Game; (6) AR Smart glasses.



Fully immersive virtualreality systems use fuficale representations via the
CAVE system (Figure 2.6 [3]) or a heatbunted display (HMD) (Figure 2.6 [4]), and
the interaction for both may be controlled by using a tratlkeediheldnput device such
as data gloves. Fully immevs virtual reality systems motivate users through visual,
auditory and other sensory stimuli to increase their virtual reality experience to seem as
though they are situated in the real world (GaRiaz et al., 2010). The financial
investment is quite gensive because of the cost of the hardware needed for a powerful
graphical workstation, including a heatbunted display, data gloves, etc. (Sun et al.,

2011).

$XIJPHQWHG UHDOLW\ WHFKQRORJ\ ZDV GHILQHG E
manipulation ad visualisation through the overlay of synthetic environments over real
RQHV"™ )LJXUH > @ JXUWKHUPRUH $5 VA\VWHPV DUF
realworld attributes (Figure 2.6 [6]) by integrating computer graphic objects into-a real
world scene (Lee and Wong, 2008). They take virtual reality a step further by allowing

the user to interact with real and virtual objects simultaneously.

Interacting with virtual reality environments to manipulate objects in the virtual
world is not completelynatural because of the use of sensors, effectors and input
devices. Interaction can be defined as the ability of the user to take action within the
virtual reality environment (Jackson and Fagan, 2000). This interaction task is
performed according to inpaigenerated by the userthe virtual reality environment,

as is the case for both immersive and dgskidual reality environments.
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An interaction technique outlines the mapping path between the user and the
virtual reality environment and determinkew the environment will react when the
user interacts using the input devices (Dix et al., 2@djyman et al. (2001) stated that
there are three types of interaction tasks that can be implemented within virtual reality
environments using a given inpuéewce. These three types of interaction tasks are:
navigation, selection/manipulation and system control. Navigation is choosing a
particular orientation, as well as a particular location (Dix et al., 2004). The navigation
interaction tasks refer to thestes of efficiently moving the viewpoint within the 3D

space using environmental cues and artificial aids (Bam 2002; Haik et al., 2002).

The navigation tasks can generally be classified into the following three
categories (Bowman et al., 2002): expta, search tasks and manoeuvring that
enable users to place the viewpoint at a more advantageous location to perform a
particular taskThe selection task refers to the specification of one or more objects to
which a command will be applied. It mighsaldenote the beginning of a manipulation
task. A manipulation task refers to the modification of various object attributes
including position and orientation or other properties (Bowman, 2002). System control
refers to a task in which a command is appleedhange either the state of the system or

the mode of interaction (Bowman et al., 2001).

In virtual reality learning environments, the user can have direct experiences
with objects and is able to possibly gain a full spectrum of information, exploeatbn
feedback regarding those objects. Therefore, users need to navigate through the virtual
world to manipulate the virtual objects. The navigational behaviours in desktop virtual

reality systems can be performed usingaventional keyboard and mouse.

58



Designers have been struggling to find comparably-easge mechanisms for
full six-degreesof-freedom navigation (x, y and z position and yaw, pitch andseg

Figure 2.7) (Wu et al., 2011).

Yaw

N/

_1

iy
\~ Pitch

Figure 2.7 The aircraft Yaw, Pitch and Roll around the 3-axis (X, y, z) in D graphics

Although immersive virtual reality technology is less expensive than it was a
decade ago, such immersive virtual reality devices are weighty such as wearing the head
mounted diplay (see Figure 2.6[4]) and can cause cygiekness (Aoki et al., 2008),
which restricts their use in schools and colleges (Lee et al., 2009). Moreover, the use of
virtual worlds (e.g., Second Life) seems useful for learning, but these systems are
onling and in order to use them successfully, there must be a good network

infrastructure, which is not available in many schools.
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The major advantage of desktop virtual reality systems over immersive virtual
reality systems is the cost, which makes it an @titra solution for many applications
(Gaoliang et al., 2009)Moreover, designing desktop virtual reality systems is more
economical and requires only less expensive devices, such as a mouse and conventional
display monito{Gaoliangeet al., 2010) Therebre, a desktop virtual reality system is a
suitable educational tool in the classroom and is useful for many educational
applicationgSun et al., 2010however, this type of virtual reality technology does not
provide the feeling of full immersion in thenvironment to the user (Limniou et al.,

2008).

In general, desktop virtual reality systems offer an affordable solution in many
virtual reality applications due to its low cost and portability (Gaoliang et al., 2009).
The cost, availability and flexibtly of desktop virtual reality systems make them easily
adoptable and adaptable by teachers and students without major capital expenses and
effort (Sun et al., 2010). Future desktop virtual reality technology will have a growing
demand in both education,aining and different government and economic @sct

(GarciaRuiz et al., 2010).

2.2.3Virtual Reality as Visualisation of Knowledge

9LVXDOLVDWLRQ LV GHILQHG DV 3PHFKDQLVPV E\
XVH DQG FRPPXQLFDWH YLVXD Ot d.QIRTY.PMsuUaliskiQn of 0 F & R
FRIQLWLRQ LV LGHQWLILHG E\ 6iQFKH] HW DO
UHSUHVHQWDWLRQV HPERGLHG LQ DUWLILFLDO HQYLU
the visualisation of knowledge as exploring informatio order to add nderstanding

and insight to it.
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Three different modes of knowledge acquisition that are constructed and
generated in the virtual domain were introduced by Peschl and Riegler (2001):
empirical, constructive and synthetlo. a virtual reality learning environment, thiser
is no longer looking at daton a screen but ratherilmmersed as active participants
within the data. It seems that the capabilities of virtual reality learning environments
facilitate learning through a press of seHpaced exploration and discovery. Messinis et
al. (2010) showed that there is a positive relationship betweendgtitar and a sense of

presence.

The strong interaction within virtual reality learning environments provides
users with an incread sense of presence. This sense of presence is caused by
navigating through a virtual world in a way similar to that of a moving camera; this
concept assumes that there is a real person viewing and interacting with the virtual

world.

It seems that theirtual reality learing environments function as cognitive tools
that are capable of making intangible things tangible; they can also be designed to make
the abstract more concrete and able to be seen (Chen et al., 2004). However, interactions
in virtual reality learning envonments allow students to construct knowledge from
direct experiences, not from the description of the experience, and this satisfies the
constructivist theory by Piaget (1972). Similarly, Doolittle (1999) defined

constructivism as a theory of knowledgmaisition, not a theory of pedagogy.
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Visualisation in virtual reality is used to simulate a concept not able to be
comprehended in a 3D model (Mills and Arau’jo, 1999). In fact, Trindade et al. (2002)
attributed the difficulties in visualising a 3D mod®W R WKH ODFN RI RQHT
mentally rotate a 3D model, short depth perception or an inadequate sense of
perspective. Consequently, with the help of virtual reality learning environment
capabilities, educators are building a new visual language tidgiebrthe gap between
the physical world and the abstract world (Yair et al., 2001). This emphasises the notion
that virtual reality learning environments are ideal for allowing students to explore ideas
and construct knowledge based on their experiengbsut relying on symbol systems.

The distinguishing characteristics of virtual reality learning environments (Dalgarno and

Lee, 2010) are classified as either representational fidelity or learner interaction:

f Representational fidelity:

¥ Realistic displayf environment,

¥ Smooth display of view changes

¥ Object motion, Consistency of object behaviour, User representation,
Spatial audio, Kinesthetic and tactile force feedback.

f Learner interaction:

¥ Embodied actions including view control,

¥ Navigation and objg manipulation,

% Embodied verbal and nererbal communication,
% Control of environment attributes and behaviour,

¥ Construction of objects and scripting of object behaviours
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2.2.4Studies ofVirtual Reality in Education

For educational purposes, in general,uattreality has been widely proposed as
a significant technological breakthrough that possesses an immense potential to
facilitate learning. In recent decades, the constructivism learning theory has become
increasingly popular as a virtual reality learnthgory (Winn, 1993); Winn concluded
that the constructivist theory provided a conceptual framework for virtual reality in
education and was considered as a valid and reliable theory of learning in virtual reality.
The constructivist idea that users carnlduheir own worlds has been shown to be
useful in teaching children abstract ideas and concepts (Piaget, 1972). The key to the
compatibility of virtual reality with constructivism lies in the notion of immersion

(Rose, 1995).

Virtual reality technology lkows for the creation of virtual reality learning
environments where students can learn by interacting with virtual objects similar to how
they would with real objects. The most important reasons cited for developing virtual

reality in education are asliows (Pantelidis, 1995):

f Explore things and places that without alterations of scale in size, time and
distances, could not otherwise be effectively examined.

f Teaching using the real thing is impossible, dangerous and inconvenient.
Interacting with a modeis as motivating as or more motivating than
interacting with a real thing.

[ Experience of creating a simulated environment or model is important to the
learning objective.

f Visualisation, manipulation and rearrangement of information are needed, so

as to lecome more easily understood.
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The most established, wddhown and successful research work involving
virtual reality for general education can be traced to the Human Interface Technology
(HIT) Lab at the University of Washington, Seattle. Since 1990r, theus has been to
allow students to build their own virtual environments by applying the constructivist
approach. The Virtual Reality Roving Vehicles (VRRV) project, started by Rose (1995)
at HIT Lab, was developed to evaluate the experience of immetisival reality as a
tool for students and teachers. Osberg et al. (1997) performed the first pilot study for the
VRRV project through the development of wetlands ecology life cycles for water,

carbon, energy and nitrogen.

The ScienceSpace project at Gege Mason University, Fairfax, Virginia, was
based on fully immersive virtual reality and the remtlaborative learning mode
6DO]JPDQ HW DO 7KLV SURMHFW UHSUHVHQWH
conservation, electrostatics and molecular reptatens and quantusmolecular
bonding. All these virtual environments focused on using immersive virtual reality to

convey abstract scientific concepts and to aid complex conceptual learning.

The Electronic Visualization Laboratory (EVL) at the Universifylllinois at
Chicago is a graduate research laboratory specialising in virtual reality, visualisation
DQG DGYDQFHG QHWZRUNLQIO9Y RrHj&cy X NervtivBaSed] V
Immersive Constructionist/Collaborative Environments project, wadumiad at EVL
and applied virtual reality for the creation of a family of educational environments for
young users with the aim to build an experiential learning environment that would

engage cildren in authentic activities.

64



Their approach was based omnstsuctivism, where real and synthetic users,
motivated by an underlying narrative, build persisting virtual worlds through

collaboration.

The potentialof virtual reality to benefit education is widetgcognisedand a
number of studies have conclusivalgmonstrated the ability to teach content using
virtual reality technologies. In geometry, Hwang et al. (2009) stated that using 3D
virtual reality and its manipulation enhances and supports understanding the concepts of
geometry. Fishwick (2009) createml multiuser, metayjaming Second Life virtual
environment with the aim of exploring its use for performing basic algebra operations.
FigueiraSampaio et al. (2009) developed a virtual balance environment that allowed the
concepts and procedures of matheocahtalgebra equations in elementary school to be

represented in a virtual reality environment.

The Desktop Virtual Reality Earth Motion System was designed and developed
to be applied in the classroom (Chen et al., 2007). The system was instigated to aid
elementary school students in understanding the motions of the earth using virtual
reality. Statistical results reported that students were able to comprehend concepts when
their learning was supportdxy virtual reality. An interactive immersive virtuadality
learning environment developed by Roussou (2009) specifically for fractions in
mathematics showed that children who fully interacted with the virtual reality
environment were able to problem solve, but there was no evidence supploeting

expectedcconceptual change.
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A study conducted by Song and Lee (2002) concluded that virtual reality to
visualise geometric objects is a good visual aid tool in middle school mathematics
classes, as well as for any class that requires a detailed description calplaality
beyond what is possible using a verbal approach. Gyla¢h is an extendable, avatar
based shared virtual environment used to teach and explofr&iviah mathematics

relating to a variety of mathematical subjects (Taxén and Naeve, 2002).

Virtual reality applications play an important role in supporting a great variety
of fields. Virtual reality applications in learning represent a promising area with a high
potential of enhancing and modifying the learning experience. Moreover, virtual reality
learning environments are an experiential learning tool that helps students to learn in a
natural, interactive, engaging educational context. The challenge for researchers of
virtual reality applications in learning is to demonstrate that they can prdearcéng
outcomes that are different, if not better, than outcomes achieved by other means

(Jackson and Fagan, 2000).

Although virtual reality can serve as valuable supplemental teaching and
learning resources to augment and reinforce traditional lepmiethods (Dean et al.,
2000), it cannot entirely replace conventional classroom teaching techniques. Virtual
reality learning environments can serve as valuable additions to traditional learning
systems by supporting the learning of different conceptssaitid. However, virtual

reality still presents a challenge to learners and developers.
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All these virtual reality applications, whether immersive or -imomersive,
exploit the visual strength of virtual reality, which is known to be important in gaining
conceptual understandinijlore relevant in the present context is to mention that one of

the main values of virtual reality is its ability to give substance to abstract concepts.

2.3 Cognitive Approach for Multimedia Instructional Design

The term cognitive cahe defined as mental activities that require both memory
storage and information processing such as attention, perception, action and problem
solving (Craik and Lockhart, 1972). Cognitive, in this research, means to act with
human cognition or representsodels of human cognition. Understanding cognition
understandshe cognitive process. In psychology, the cognitive process is the process
by which information is encoded, stored and retrieved in the mind (Winn and Snyder,

1996).

Cognitive learning is efined as the acquisition of knowledge through cognitive
processes (Clark and Harrelson, 2002). It is a creation of mental represenétions
physical objectsn our memory. The foundation of the cognitive process is using
knowledge to direct and adapt iacts towards world goals. The way we learn is
constrained by our memory system (Clark and Mayer, 2008). The human information
processing approach focuses on how the human memory system acquires, transforms,

compacts, elaborates, encodes, retrieves andnisemation (Moore et al., 1996).
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The memory system is divided into three main storage structures (Baddeley et
al., 2009; Craik and Lockhart, 1972; Clark and Harrelson, 2002): sensory memory,

working memory and longerm memory, which are defined as folla

f Sensory memory ishe shorterm part of memory. It is the capability to
retrieve impressions of sensory information after the origin stimuli have
ended. It acts as a sort of buffer for stimuli received through the five senses
of sight, hearingsmell, taste and touch.

f :RUNLQJ PHPRU\ IXQFWLRQV -BWAE WYGHWRPSRI
retrieval of the information which is being processed at any time. It can be
considered as the ability to remember and process information
simultaneously.

f Longterm memoryis, clearly enough, proposed for storage of information
over a long period of time. It can keep a seemingly infinite amount of

information more or less indefinitely.

Working memory keeps a small amount of information (typically around seven
items or less)in the mind in an active, readily available state for a short period
(typically from 1615 seconds or sometimes up to a mingBgddeleyet. al., 2009)

The information in working memorgransferredo longterm memory by a process of
consolidation involing rehearsal and meaningful association. Contrasting working
memory, longterm memory encodes information for storage semantically, or based on

meaning and association

To determine the conditions that maximise learning, it is important to examine
human ognition. Once we have established the processes of human cognition,
including why those processes have their particular characteristics, we are in a position

to design learning environments in accordance wighhuman cognitive architecture
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Cognitive s@entists seek to understand human cognitive processes such as perceiving,
thinking, remembering, understanding language and learning (Sorden, 2005). Cognitive
scientists, such as Allan Paivio, Alan Baddeley, John Sweller and Richard Mayer,
provide numerouslistinguished assumptions for cognitive processes, wéagthupa
framework for using experiential theories of cognition and learning that improve

multimedia instruction and help humans in learning more effectively.

3DLYLR$ading ¥néo®y and Badde\fV PRGHO RI ZRUNLQJ PHPF
that humans process information through dual channels: one auditory and the other
YLVXDO 7KLV EHOLHI FRPELQHG ZLWK 6ZHOOHUSfV \
convincing argument for how humans learn. Accordingyp \HUfV FRJQLWLYH V
multimedia learning presented how multimedia instruction can be designed to maximise
OHDUQLQJ OD\HUfV FRIJQLWLYH WKHRU\ RI PXOWLPHGI

that may help designers create multimedia instructiorereffectively.

In the following sections, we provide more details about cognitive learning
theories in regards to human cognitive architecture and explain how these theories could
help multimedia designers gain insight for the intention of designingffactiee

multimedia cognitive learning tool.

23.13DLYLRYV 'XDO &RGLQJ 7TKHRU\

3DLYLRSMINMG ¥Bady is possibly one of the most fundamental theofies
multimedia learning. This theory was initially developed in the 1971. The basic idea is
that visual andverbal information is processed differently along distichannels in
working memory.
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Paivio discusses the idea that the cognitive process occurs within two separate
information coding systems: a visual coding system for processing visual knowledge
and averbal coding system for processing verbal knowledge. These visual and verbal
coding systems act as two channels in which information travels down either
individually or simultaneously. As information goes through these channels, many

connections are delped during the process of cognition.

Figure2.8 is a visual representation of the doatling theory. The duadoding
theory identifies three types of connections: (a) representational connections, which are
made between verbal or neerbal information received by the learner; (b) referential
conrections, whichindicate the activation of the verbal system by the +venbal
system or viceversa; and (c) associative connections, which are made within the verbal
and nonverbal channels. A given task may require any or all three kinds of processing.
TKHVH FRQQHFWLRQV DUH DFWLYDWHG GHSHQGLQJ R
experiences. These types of connectiam@sadvocatindor by supporters of multimedia
instruction based on the belief that if information is coded verbally and visually
simultaneously, the information will likely be remembered because one can activate the

other.
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Figure 2.8 Verbal and nonverbal symbolic systems obual Coding Theory. Adopted from Mental
Representations:A Dual-Coding Approach, Pavio, 186.

Suh and Moyet3DFNHQKDP HIDPLQHG WKH DSSOLFD
in multi-representational virtual mathematics environments. This study compared
mathematics achievement in two thgcade classrooms using two diffate
representations (virtual and physical manipulatives) in the lesson concerning rational
numbers and algebraic concepts. The participants in this study were 3gréued
students; all students participated in both treatment groups. The results shatbé th
virtual manipulatives treatment group performed significantly better on all test items

than the physical manipulatives group.

BDLYLRYV ZRUN KDV LQIHUHQFHV LQ PDQ\ DUHDV
design and the development of educational tireidia. The duatoding theory is
complemented with the theory by Baddeley in which working memory is divided into a

visuospatial sketchpad and a phonological loop.
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232%DGGHOH\TV :RUNLQJ OHPRU\ ORGHO

Alan Baddeley and Graham Hitch proposed a model of wgnkiamory (1974)
in an attempt to provide a more accurate representation than previously provided, The
original model of Baddeley (Figure 2.9) was composed of three main components: the
central executive is a flexible system that is responsible for theotait cognitive
processes; the phonological loop deals with sound or phonological information; and the

visuospatial sketchpaate assumetb hold information about what we see

PHONOLOGICAL VISUOSPATIAL
LOOP SKETCHPAD
articulatory processes visuo-spatial processes

Figure 2.9 The working memory model, adapted from Baddeley and Hitch (1974)

The original model supposed a limited capacity controller, the central executive,
supported by two tentative storage systems, the phonological loop avidubspatial
sketchpad. The phonological loop enables the processing of either spoken or written
verbal information, whereas the visuospatial sketchpad is responsible for the processing

of visual and spatial infonation (Baddeley et al., 2011).
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The centrbexecutive system is in direct contact with both the phonological loop
and the visuospatial sketchpad. This thtemponent system has been revised by
Baddeley (2000) to include a fourth component, the episodic buffer. The episodic buffer
is a temporary mtimodal storage component that works as a limited capacity store that
can incorporate information from the visuopatial sketchpad and from the phonological

loop, creating a multimodal code (Zheng et al., 2011).

2336ZHOOHUTV &RJIQLWLYH /RDG 7KHRU\

6 Z H O @1999)cdgnitive load theory states that intensive information given
simultaneously causes cognitive overload, inadequate information acquisition and
processing by learners. Cognitive load represents the information load placed on
working memorythrough ingruction. The cognitive load theory was designed to
introduce guidelines to assist in the presentation of information in a manner that
motivates learners to become engaged in activities that improve their intellectual

performancéReed, 2006)

Sweller arged that the cognitive load is minimised by the use of-thade
(visuatauditory) instructional techniques, and the limited capacitwarking memory
is boosted if information is processed using both the visual and auditory channels, based

on Baddeley's wdel ofworking memoryGyselincket. al., 2008Sorden, 2006
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2340D\HUYV OXOWLPHGLD 7KHRU\

Mayer (1997) was convinced that one of the most important avenues of
cognitive psychology understood how technology, such as multimedia, can be used to
foster studentearning. Mayer assumed that multimedia could improve learning by
presenting different types of information to the user at the same time. Mayer (2002)
presented the cognitive theory of multimedia learning (Figure 2.10) as three
assumptions about how peejsl minds work with pictures and words in multimedia
learning: the duathannel assumption, the limited capacity assumption and the active
processing assumption (Bradford, 2011; Austin, 2009; Mayer, 2005, 2002; Robinson,

2004).

First, the duachannel asX¥ PSWLRQ LV D FHQWUDO-BHRIGARUM R
WKHRU\ DQG %DGGHOH\TV WK HAsassirrptioniendtdd tQal ttieH P R U
human possesses separate information processing channels for verbal and visual

material: a visuapictorial channel ad an auditoryverbal channel.

Second, the limited capacity assumption is a central assumplion%o D GG HO H \{
WKHRU\ RI t:RUNDQS&G GGHZMHERMP OQILWLYH /RiBGIsuiiriH R U\
implies that there is only a limited amount of cognitive pssagg capacity available in

the verbal and visual channels.

7KLUG WKH DFWLYH SURFHVVLQJ DVVXPSWLRQ LV
/HDUQLQJY WKHRU\ DQG OD\HUYfV DFWLHrganiongtDb UQLQ

integrating). This assumption asserts thataningful learning demands significant
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active learning processes within the verbal and visual channels in the working memory

at the same time.

Figure 2.10 presents the cognitive theory of multimedia learning. The boxes in
Figure 2.10 represent memory r&s, including sensory memory, working memory and
long-term memory. A multimedia lesson consists of pictures and words in printed or
spoken form (indicatedn the left side of the figure). The pictures and printed words
enter the sensory memory through #dyes and the spoken words enter through the ears

LQGLFDWHG LQ WKH p6HQVRU\ OHPRU\Y ER]

Multimedia [ . J
Working Memory
N
’ \ ( . — | [ \
ﬁl ! Selecting Organﬁzing Verbal

* M Ears
Words Sounds /]| Sounds | =¢8I Viodel

Integrating

. - Selecting ||| Organizing | icforjal
Pictres Py Eves Images . Images | | Model l
—_ \. J

Figure 2.10 Cognitive theory of multimedia learning, adapted from (Mayer, 2003

Sensory memory allows picturesdaprinted text to be captured as exact visual
images for a short time period in the visual sensory memory (at the top) and for spoken
words and other sounds to be captured as exact auditory images for a short time period
in the auditory sensory memory (8% KH ERWWRP 7KH DUURZ IURP
FRUUHVSRQGY WR D SLFWXUH EHLQJ UHFRUGHG LQ WI
FRUUHVSRQGY WR VSRNHQ WH[W EHLQJ UHFRUGHG LQ

corresponds to printed textibg recorded in the eyes. If the learner pays attention,
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some of the materials will be selected for further processing in the working memory

UHSUHVHQWHG E\ WKH DUURZ ODEHOOHG p6HOHFWLQ.

7KH OHIW VLGH RI WRKUINERP OBPRODMHGQU)LIXUH
the raw material that comes into the working meniottye learner processes a few
SLHFHV RI LQIRUPDWLRQ DW RQH WLPH LQ HDFK FKDQ(
represents the mental conversion of a soundh(siscthe spokeword horse) into a
visual image (such as an image of a horse); thus, when the word horse is spoken, a
PHQWDO LPDJH RI D KRUVH PD\ DOVR EH IRUPHG 7K&F
represents the mental conversion of a visual image (suam@ental picture of a horse)
into a sound image (such as the sound of the word horse); thus, the word horse may be

heard in the mind whemobking at a picture of a horse.

,Q FRQWUDVW WKH ULJKW VLGH RI WKH 3:RUNL
representshie knowledge constructed in the working mentotige learner can mentally
organise selected images into pictorial models (represented by the arrow labelled
p2U3DQLVLQJ ,PDIJHVY DQG VHOHFWHG ZRUGV LQWR Y

ODEHOOHGQU2 IRD®VYY

)LQDOO\ WKH ER[ RQ WKH HILR KOM PARIVE fH O PLIHE UIH |
FRUUHVSRQGY WR WKH OHDUQHUYY VWRUHKRXVH RI |
about material stored in the lotgrm memory, it must be brought into the working
memRU\ DV LQGLFDWHG E\ WK OYHREZEUYRWRINRQUNLQJ

Meaningful learning occurs when the learner appropriately engages all of these
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processes. Thus, Mayer argued that there were three important cognitive processes,

which are indicted by the arrows in Figure 2.10:

f Selecting: Thefirst step is to pay attention to relevant words and images in
the presented material.

f Organizing: The second step is mentally to organize the selected materials
in coherent verbal and pictorial represemiati

f Integrating: Thefinal step is to integrate the incoming verbal and pictorial
representations with each other along with prior knowledge.

The cognitive theory of multimedia learning was extensively studied by Mayer
and his associates to investigate ho@st to design multimedia presentations. Eight
principles were concluded by Mayer and his associates that yielded and understanding
of how to use multimedia to help students grasp a scientific explanation (Mayer, 2002):
multimedia, contiguity, coherencejodality, redundancy, interactivity, signalling and
personalisation. The definitions of the eight principles are presented as follows

(Robinson, 2004; Mayer, 2011):

f Multimedia principle: Deeper learning occurs from the use of words and
pictures than from wrds alone. According to the cognitive theory of
multimedia learning, further understanding occurred when students mentally
linked pictorial and verbal models of an explanation.

f Contiguity principle: Deeper learning results from presenting words and
pictures simultaneously rather than successively. The cognitive theory of
multimedia learning stated that a simultaneous presentation would increase
the number of opportunities to match the pictures and words that need to be
simultaneously processed to enalble tonstruction of connections between

them.
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Coherence principle: Deeper learning occurs when extraneous words, sounds
or pictures are excluded rather than included. The cognitive theory of
multimedia learningassumeshat adding interesting but unrelate@terial to

a multimedia presentation overloaded one or both of the processing channels
and obstructed the integration of pictorial models, verbal models and
previous knowledge.

Modality principle: Deeper learning occurs when words are presented as
narrdion rather than as escreen text. The cognitive theory of multimedia
learning indicated that the use of -screen text and animation could
overload the visual channel, whereas the use of narration could free up the
visual resources to focus on the aniioat

Redundancy principle: Deeper learning occurs when words are presented as
narration rather than as narration anesoreen text. The cognitive theory of
multimedia learning indicated that students learned more from animation and
narration than from theombination of animation, narration and-streen

text.

Interactivity principle: Deeper learning occurs when learners are allowed to
control the presentation rate of information. The cognitive theory of
multimedia learning stated that adding an interactisser control could
improve learning because it could allow students to activate their cognitive
processes at their own rates and reduce the chances of cognitive overload.
Signalling principle: Deeper learning occurs when key steps in the narration
are ggnalled rather than nonsignalled. According to the cognitive theory of
PXOWLPHGLD OHDUQLQJ LI VLIQDOOLQJ GLUHF
events and the relationships among them, this action could enhance
integration.

Personalisation principle: éper learning occurs when words are presented

in a conversational style rather than a formal style.
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Mayer supported his suggested principles by referring to results from the
abundance of research started in 1997 and entering their third decade ofccentiata
collection that ultimately reached a consistently recognised state (Moreno et al., 2011;
McLaren et al., 2011; Mayer, 2011; Johnson and Mayer, 2010; Campbell and Mayer,
2009; Clark and Mayer, 2008; Harskamp et al., 2007; Mayer et al., 2006; dxikats
al., 2005; Mayer et al., 2005; Mayer, 2003; Plass et al., 2003; Mayer and Moreno, 2003,
2002; Mayer, 1997, 1998; Baker and Mayer, 1999; Moreno and Mayer, 1999; Moreno
et al., 2001; Mayer, 2001; Mayer et &Q01; Quilici and Mayer, 2002)he outcoms
from the experiments have partly verified many of the eight fundamental principles and
have resulted in new various, but not static, principles that demonstrate the dynamic

nature of the cognitive theory of multimedia learning (Sorden, 2012).

The adapttion and expansion of the theory appeared frequently in the literature.
The cognitive theory of learning with media (Figure 2.11), proposed by Moreno (2006),
expanded the cognitive theory of multimedia learning (Mayer, 2002) to include media
such as virtulareality, agemtbased and cadsased learning environments, which may

present the learner with instructional materials other than words and pictures .

INSTRUCTIONAL SENSORY WORKING LONG-TERM
TECHNOLOGY MEMORY MEMORY MEMORY
Narration ) .
Sounds Auditory | | oo . __§§fecfmg Integrating .
Music
Text . Attegti?rl_“ N Connecir:ng Prior
Animations Visual P d & Organizing Knowledge
Graphics erception
R [ [ S Lo
Manipulatives Tactile “TRetrieving
N J

Figure 2.11 A framework of a Cognitive Theory o Learning with Media, Moreno (2006)
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ORUHQRYV FRIQLWLYH WKHRU\ RI OHDUQLQ.
IROORZLQJ OHDUQLQJ DVVXPSWLRQV 3 D otesBdd@LQJ V
separate channels for different sensory modalities; (b) only a few pieces of information
can be consciously processed at one time in the working memory; (clelomg
memory consists of a vast number of organised schemas; (d) knowledge may be
represented in longerm memory in verbal and nonverbal codes; (e) after being
sufficiently practised, schemas can operate under automatic processing; and (f)
conscious effort needs to go into selecting, organising and integrating the new

information witheXt VWLQJ NQRZOHGJH L H DFWLYH SURFHVYV

,Q FRQFOXVLRQ OD\HUfV UHVHDUFK H[SODLQHG K
instruction and how research regarding instruction could reinforce the theories of
cognitive science. Despite the fact that some gplas, such as the interactivity
principle, were based on the notion that learner interaction has its own impact on the

learning process, Mayer did not change his model to include the tactile modality.
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CHAPTER 3 Design andimplementation of Mathematical
Virtual Lea rning Environment (MAVLE )

This chapter presents a description of the processes for the design,
implementation and evaluation of wartual reality manipulatives(VRM) learning
environment entitled the mathematical virtual learning environment (MAVLE). The
developed MAVLE system was based on a proposed design framework called the
virtual reality model for cognitive learning. This system explicitly intensifies the use of
baselO blocks manipulatives to support the learning and teaching of the numeracy

conceptsaddition and subtraction.

3.1Virtual Reality Model for Cognitive Learning

The focus of this research was how best to use virtual reality, specifically
navigational behaviours (exploration, manoeuvring and manipulation), for the design of
instructional cognit YH OHDUQLQJ FRQWHQW IRU PDWK 7KH
cognitive view of the science of learning was made explicit throughout with reference to
OD\HUTV FRIJIQLWLYH WKHRU\ RI PXOWLPHGLD OHD
of learning withmedia thatZDV DQ H[SDQVLRQ RIn 6rberHdJdegigW KHR |
multimedia instructional learning content to promote deep understanding in learners,
Mayer (2002) used the three basic assumptions of the cognitive theory of multimedia
regarding how people d&n from words and pictures: the dual channel assumption by
Paivio (1990), the limited capacity assumption by Sweller (1999) and the active

processig assumption by Mayer (20010D\HU {V F RheQy bf Lmukimedia
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learning (Figure 3.1) fits into a csetmuctivist paradigm for learning in which instruction

must become personally relevant to the learner.
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Figure 3.1 Multi media Cognitive Learning Theory, Mayer (2002)

In order to design an effective virtuaality learning environment as a cognitive
tool, a cognitive model is needed to integrate the technological attributes of virtual
reality's learning systems into cognitive processing. It is the view of this researcher that
OD\HUTV PRGHO )Lt arKedhustive repmeg@iRation of all learning activities.
OD\HUYV PRGHO VWUHVVHV RQO\ WZR PDLQ VHQVRU
modalities. It lacks the inclusion of user interactions, such as selection and
manipulation, whicthave an effect on kndedge construction based on the principle of

the constructivist theory, which places an importance on learning by doing.

Therefore, the cognitive theory of learning witedia propsed by Moreno
(2006) expanded the cognitive theory of multimedia leariigyer 2002) to include
other media, such as virtual reality, by adding tactility. Therefore, to build upon the
VWUHQJWK RI OD\HUYVY PRGHO DYRLG WKH OLPLWDW
DVSHFWV RI ORUHQRYYVY PRGHO D Gtive miimédiscDnioHeZ RUN

for cognitive learning was proposed, as shown in Figure 3.2.
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Figure 3.2 The proposed design framework for the interactive multimedia model for cognitive learning
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The proposed degn framework was an attempt to demonstrate the effect of
motor tactile modality on what learners hear and see. In fact, the difference between
these models (Figures 3.1 and 3.2) lies in the type of interaction tasks (selection and
manipulation) allowedisingthe interactive multimedia: what the user is able to produce
ZLWK WKLV PRGHO GLIIHUV IURP ZKDW WKH XVHU LV D

PRGHO ZKHUH WKH OHDUQHUTV UROH LV SDVVLYH

Information received by the sensory modalities from tlaeni@g environment.
The sensory modalities will act as a filtering system, and the output will transform into
input in the working memory. The working memory will integrate and organise the
processed information, and the output will be integrated withrealled previous
knowledge from longerm memory. Consequently, the output of this integration will
create new knowledge that will be stored in the l®rghn memory, and this new
knowledge will act as previous knowledge in the next cognitive informatiecepsing

cycle.

The learner constructs new knowledge by integrating previous knowledge with
their current experience within the interactive multimedia learning environment. This
new knowledge, according to Johnson et al. (2001) is a mapping of a ndeeh £ygo
an already familiar one; thus, in the letsgm memory, new knowledge is incorporated

with previous knowledge to form accumulated knowledge (Figure 3.2).

While examining the relationship between multimedia and virtual reality,
Hedberg and Alexandg1996) proposed that the defining attributes of virtual reality

could produce better interaction than in multimedia. For this reason, the MAVLE
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system uses virtual reality technology in terms of navigational behaviours to advance
the learning effect. laddition, Osberg (1997) compared virtual reality with multimedia
and stated that virtual reality progresses to no less than one level above multimedia in
terms of perceptual richness and locus of control. Moreover, multimedia is a
representation of 2D an8D images, whereas virtual reality is a simulation of 3D
objects intended to manipulate the senses into believing the environment is real

(Daghestani et. al., 2008).

Regarding the relationship between multimedia and virtual reality, it could be
suggestedhat the proposed design framework for the interactive multimedia model for
cognitive learning (Figure 3.2) has been expanded to include a third channel (the
perceptual channel) that encompasses the unique immersion characteristics of virtual
reality. Theefore, for the purpose of this research, we proposed design framework for

the virtual reality model for cognitive learning (Figure 3.3).

The key properties that underline the proposed design framework combine three
sensory modality channel¥isual (seeingimages with the eyesfuditory (hearing
sounds with the ears) antBiactile (handling tasks with the hands). The selected
perceptions from these three channels are then processed and transformed into the
working memory. These transformations are performaethg previous knowledge
contained in the lonterm memory (Nunez, 2004). The output of this processing in the
working memory represents temporary mental model structures (auditory and pictorial).
The accumulated knowledge in lectgrm memory determines operceptions. At the
same time, our interpretation of sensory perceptions requires the retrieval of knowledge

from the longterm memory (Wickens, 1992).
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Figure 3.3 The proposed design framework for the virtual reality model for cognitive learning
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The kind of interactions and perceptions achievable within virtual reality
environments are different from 2D or 3D interactive multimmad one specific way:
the sense of immersion that is generated by navigation behaviours. The proposed design
framework for the virtual reality model for cognitive learning (Figure 3.3) allows
students to examine realistic 3D images of objects from v&m@mgles and distances.
Indeed, this assumption of immersion, which emphasises the importance of not
overloading the working memory during the learning process, is closely associated with
the cognitive lad theory by Sweller (1999 The interactive capalties of virtual
reality technologies permit students to manipulate various mental models that deepen

conceptual understanding.

7TDEOH VKRZV D FRPSOHWH FRPSDULVRQ EHWZI
multimedia learning model and the proposed designdwemrk for the virtual reality
model for cognitive learning. As we can see from Table 3.1, the main difference
between models involves interaction tasks and navigation tasks. The sensory memory
acts as a processing system and the output will be as antaniingt working memory.
The working memory will organize the processed information in specific orders that
formulate mental models. Finally the output from working memory will act as an input
to the longterm memory. The output of the integration is anuanglated knowledge
that represents the total knowledge gained due to cognitive virtual reality information
processing. New knowledge stored in leegm memory will act as a prior knowledge

in the next cognitive information processing cycle.
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This researchtherefore, proposes an extension to the interactive multimedia
cognitive model, where the learning environment is a virtual reality learning
environment. In this proposed design framework for the virtual reality model for
cognitive learning (Figures.3), because of the sense of immersion produced by the
navigation of virtual realibased environments, a third channeltfostile interactions
was added to thererbal andpLFWRULDO FKDQQHOV UHSUHVHQWI
cognitive theory of multimedia. Theavigation tasks of the virtual reality learning

environments have two components: motor (travel) and cognitive (wayfinding).
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Table 3.1 Cognitive model of Multimedia learning vs.virtual reality model for cognitive learning
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3.2MAVLE Methodology Framework

The proposed design and implementation methodology framework (virtual
reality model for cognitive leaing) provided the researcher with the necessary
elements for the design phase of the MAVLE system. The virtual reality model for
cognitive learning mainly focused on the inner workingf human input senses
working memory, longerm memory and executedt@ns. For designers, the model
can help guide thinking about interaction tasks (selection and manipulation) and
navigation tasks (travel and wayfinding). The four phases of the methodology

framework for the MAVLEillustratedFigure 3.4

The four phasesfdhe methodology framework for the MAVLE system are as

follows:

f Phase 1: This phase included an evaluation of 2D manipulatives (2DM). The
evaluation of two teachers was conducted to explore how 2DM could best be
used in a classroom to support student tstdading of numeracy concepts.
This would allow for a deeper insight into the behaviour of the 2DM and
their interaction features. Furthermore, this phase helped identify the specific
2DM aspects that could be used to design MAVLE system.

f Phase 2: This @se primarily defined the requirements of the virtual reality
model for cognitivdearning.This model was used to guide the design and
implementation of the MAVLE.

f Phase 3: This phase consisted of MAVLE design and implementation based
on the requirementkat resulted from previous phases.

f Phase 4: This phase involved the iterative evaluatesign process of the
MAVLE graphical user interface. Feedback and suggestions were obtained
from teachers and students for further development of the MAVLE system.
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Figure 3.4 The MAVLE methodology framework




3.3Phase 1: Evaluation of NLVM

The aim of this evaluation was to understand how primary school teachers apply
baselO blocks, 2Bbased manipulatives from NLVM to rieematics teaching and
address the issues that may arise from these applications. This evaluation was conducted

with math teachers from a private primary school for girls in Jeddah, Saudi Arabia.

The evaluation sessions with the secgnalde teachers lastdor approximately
1 hour and consisted of a series of problems with integer addition. The teachers were
asked to begin their interaction session by first completing the exploration phase of the
NLVM. Their interaction sessions were observed, and afeey ttompleted the tasks,
they completed an evaluation form concerning the ease of use, motivation and support
for problem solving, as recommended by Moyer et al. (2002) (see Appendix A). Each

teacher was observed by the researcher while exploring the NLVM.

The researcher took notes about the interaction tasks used while the teachers
created new exercises and any verbal comments of frustration or excitement they
expressed while using the application. These notes were only to be used if the data on
the evaluabn forms were contradictory to their actual experience during the
observation. A discussion was conducted with the teachers to determine whether they
considered the application useful for their students, beneficial as support for the

curriculum and limitd by theEnglish interface.
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/KH WHDFKHUYY UHVSRQVHY UHIOHFWHG WKHLU VI
learning potential, but they were not satisfied that the interface did not provide the user
with feedback on whether or not their attempt wasexrt. The designers of the NLVM
GHSHQGHG PDLQO\ RQ WKH LQVWUXFWRUYV IHHGEDFN
were supported by their answers on the evaluation form and what the researcher

observed.

It must be noted that the researcher also ifiedtanother limitation of the
NLVM, which was when the user physically moves the Hasdlocks on the screen
from one place to another, they can cover other-b@dalocks, hence, obstructing the
view of other objects. This is because the NLVM applaratioes not support collision

detection between objects.

3.4 Phase 2:Requirements

System requirements are a set of functionalities and constraints that theeend
expects from the system. The requirements of the MAVLE system were taken from the
features RI WKH 1/90 7KH IROORZLQJ OLVW SURYLGHYV

requirements for numeracy concepts (addition and subtraction) using atbbkeek:

f Addition: Addition is accomplished by using the dragging procedure of
basel0 blocks in each plaeelue dgit.

f Carry concept: is to make a regrouping in each pladge digits when tenth
of the basel0 blocks are countered. This will create a group of 10; carry and
drag it into the next higher place value. This action demonstrates the
understanding of the pa-value concept.
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f Subtraction: To do subtraction, start by pulling out the correct type and
number of blocks to take away the represent minuend.

f Borrow concept: To make a fair trade down, you cannot take 8 from 3, so to
perform the subtraction using bake blocks, you will need to borrow a rod
from the leftmost column (i.e., plasalue concept) to make 10 additional

units.

3.4.1Choice of Device

Desktop virtual reality systems can often run on standard PC hardware. For the
purpose of this research, we usedrael PC platform with the Microsoft Windows XP

operating system. The interactions were achieved using a standard mouse and keyboard.

3.4.2Interaction Tasks

Jackson and Fagan (2000) stated that the interaction is the ability of the user to
take action within th virtual reality environment. Indeed, interaction with the virtual
reality environment represents how humans exchange information with the
environment. Interaction with objects includes two basic tasks: the selection of the
objects and how they can be nmnated (hold, move, release, throw, etc.). The
MAVLE theoretical models of interaction have been adapted from Bowman (2002) and
can be divided into two groups: interactions that relate to human action and the virtual

reality interaction design model (Tlal8.2).
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Table 3.2 The interaction design model adapted from Bowman (2002)

Generic guidelines by Bowman

Suggested implementation for

MAVLE
o g
o % Practice usecentereddesign and follow wll-known | Use of iterative design with targe
% '% general principles from HCI research. users for the MAVLE prototypeg
5 o
Use HMD or Spatially Immersive DisplaySIDs)
when immersion within a space is a performance  Because MAVLE is a desktop
requirement. Use workbenchsgiays when viewing al application, the immersive
single object or set of objects from a thpdrson point display devices, such HMD, are
of view. not needed but rather the
o conventional computer screen i
3 In SIDs, degjn the system to minimize the amount required
e indirect rotation needed.
o
8
S Use an input device with the appropriate number (
o) degrees of freedom for the task.
Theses input devices are not
Use physical props to constrain and disambiguat¢  needed but rathehe regular
complex spatial tasks. mouseand Keyboardire required
instead
Use absolute device for positioning tasks and relat
device for tasks to control the rate of movement.
7DNH DGYDQWDJH RI1 WK senxe/fiél |
o ; . . n/a
a precise and naturalCBinteraction.
&
a) Use weltknown D interaction metaphors if the
‘:_3 interaction task is inherentyD- or 2D. Menu and Buttonare used
F,
B Allow two-handed interaction for more precise inpy
@ ; n/a
5 relative to a frame of reference.
c

Provide redundant interaction techniques for singl
task.

Use of constrained navigational
using mouse and keyboard.
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Table 3.3 The interaction design model adapted from Bowman (2002)

Genericguidelines by Bowman

Suggested implementation fthre
MAVLE

Make travel tasks simple by using tarpetsed
technigues.

Constrained Navigainal

Use physical head motion for viewing orientation if
possible.

3&DPHUD LQ KDQG”™ H

Avoid the use of teleportation; instead, provide

c smooth transitional motion between locations. Applied
2 If steering techniques are used, train users inegfied
S | to acquire survey knowledge. Use tarbasted or Appli
< - : ; . ; . pplied
@ routeplanning techniques if spatial orientation is
< required but training is not possible.
2 Consider integrated travel and manipulation Use of 5 DOF accomplished usin
E techniques if the main goal of viewpoint motion is t{ a combinatiorof mouse and
maneuverfor object manipulation. keyboard
Use norheadcoupled techniques for efficiency in n/a
relative motion tasks.
Provide wayfinding and prediction aids to help the Use of a reseposition button in
. ; . order to reset the view to a
use decide where to me, and integrate those aids : .
i . predefined camera position and
with the travel technique. ) .
orientation.
Use the natural virtual hand technique ifsalections | Selection done by conventional
areZLWKLQ DUPYV UHDEFK mouse
Use raycasting techniques if speed of remote n/a
c selection is requirement.
i)
g Ensure that the chosen selection technique integra Applied
© well with the manipulation technique to be used. bp
()
Consider multimodal inpubf combined selection
n/a
and command tasks.
If possible, design the environment to maximize the .
. ; . Applied
perceived size of objects.
Reduce the number of degree of freedom to be
X . 3 . A regular mousand leyboard
manipulated if the application allows it.
- Prov_lde g(_anera_ll or applicatiespecific constraints or Applied
S manipulation aids.
) Allow direct manipulation with the virtual hand
=1 . : n/a
o instead of using a tool.
c - A
g Avo_ld repeated, frequent scaling of the user or Applied
environment.
Use indirecdepth manipulation for increased n/a
efficiency and accuracy.
Reduce the necessary number of commands in the .
o Applied
application
_ When using virtual menus, avoid submenus and m Avplied
2 selection at most &R operations PP
=
S Indirect mem selection may be more efficient over .
. Applied
= prolonged periods of use.
% Voice and gesturbased commands should incluale
) methodof reminding the user of the proper utterang Not applicable

or gesture.

Integrate system control with other interactiagks.

Applied

96



The MAVLE interaction design model was based on concepts created by

Bowman (2002) as follows:

f Selection: This refers to the specification of one or to select any.

¥ Picking: Topickabase EORFN p&OLFN ORXVH /HIW %
¥ Move: To move a aése EORFN p&OLFN DQG 'UDJ
% XWWRQT

f Manipulation: The user can use the mouse and different buttons as tools to
manipulate objects within the MAVLE system. Pressing the middle mouse
button inside any place value compartment will droprasch & baselO
blocks as the exercises request. The buttons on the top panel, including
u+DQGY pP*OXH %YRWWOHYTY upu+DPPHUY DQG p%U
manipulate bas&0 blocks so they can move, glue or breaks them from one
compartment to another. Howeveryors of manipulation are considered as
ZDUQLQJYV DQG LQGLFDWHG ZLWK D uSLQJY VRXC
indicated through dialogue boxes. In manipulation, the user or system moves
a data object, modifying the content of the world that ther sges. An
important point here is that, as with data manipulation, it is important for the
system to maintain the illusion of the virtual world or reality.

f System Control:

¥ Language: Everything is in the Arabic language, including the digit
menus, buttongialog box text and the numbers.

¥, Exercise modes: Are two types

™ Classroom mode: In this mode, the student will create an
exercise from the class board or textbook without restrictions
on grade level or levels of difficulties.

™ Regular mode: The exercisedl work as defined in the next

sections (grade, difficulty, etc.).

¥ Sound modes: Thaction of dropping bas&0 blocks in predefined
places in ach compartment isdicated with a specific sound.

97



¥ Collision detection: Bas&0 block versus basH) block and baselO
block versus compartment separators (illegal movements) are
denoted by a specific sound.

¥ Gluing the final basd0 block to form a set of 10 is indicated by a
specific sound during the carry operation.

% Hammering to break a set of bele blocks & indicated by a
specific sound during the borrow operation.

¥, Each compartment can hold only 10 baSeblocks. The user cannot
add additional bas&0 blocks; if this is attempted, a warning will be
issued (a ping sound).

¥ The movement strategy of the bds® blocks signifies that the user
must finish the rows from rigktb-left in strict order, i.e., they have
to fill the results compartment with the right answer before moving to

the next row using the following conditions:

™ Move the basd0 block from the ifst to the second
compartment in the Addition state or from the second to the
first compartment in the Subtraction state.

™ Glue 10 basd0 blocks in the Addition state, and then move
them to the first row of the upper level.

™ Break the bas&0 block in theSubtractions state; if the first
row is empty, the 10 new bad® blocks will be moved

automatically to the next lower level (i.e., borrow).

3.4.3Navigational behaviours

Navigation refers to the behaviours of moving the viewpoint within the 3D
space and includeboth a cognitive component (wayfinding) and a motor component

(travel? also called viewpoint motion control) (Table 3.4).
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Table 3.4 MAVLE navigation al tasks based on the Virtual Reality Cognitive Model

Navigation Tasks Description Implementation
Cognitive A reset position button used in order t
Component reset the viewpoint seen to tfiest scene Reset Position
(Wayfinding) settings
4—{3-
&
Walk: Click theright mouse button and @ oo

drag left/right in order to move sideway

Rotate: Press Left/Right or Up/Down
keyboard arrows in order to either tur

1
viewpoint left/right or tilt viewpoint -l 1] -
up/down. JJ_J

Motor Component

(Travel) —
Fly: Click theright mouse button and \ A brg
drag forward/backward in order to mov @
up/down
Zoom in/out: Roll mouse wheel "
forward/backward in order to move in/o

3.5Phase 3: Design and Implementation

During the development of the MAVLE prototypesgeteame teachers were
involved as evaluators during the iterative design process. Initially, the MAVLE
interface was to be divided into compartments; each compartment would represent a

SODFH YDOXH (V 1TV TV DQG fv. )LIXUH
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Figure 3.5 MAVLE initial interface prototype sketch

3.5.1Metaphor

Metaphors are often used to provide the user with a mental model to assist their
use of computers (Coschurba et al., 2001). According to Dix et al. (2004), the use of
natural metaphors can aid the usability of virtual reality technology. Metaphors also
create a bridge between real and virtual environments (Sanchez et al., 2000). The design
processes required both an understanding of visual metaphors and how learning tasks
can be accommodated within the metaphor. Metaphors used in an interface should
resemble something familiar to the users to help the learners get started and then to
allow them to explore new concepts. From a virtual reality perspective, the metaphors

serveto map the concepts of the virtual world into graphical representations.

For the purpose of this study, the MAVLE metaphor was the embodiment of the
physicatcolour baselO block manipulatives, which were useful in developing mental
images of numbers, pa value and operations. These ba8eblocks represented the

standard concrete ba&@ block manipulatives.
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The elements of the manipulatives were implemented as follows: a unit was
implemented as a blue box; rods, which include 10 units vertically, tileste
implemented as green boxes; a flat, which includes 100 units, were implemented as 10
yellow rods horizontally tiled; and the cube, which includes 1,000 units, was
implemented as 10 red flats tiled to form a cube (see FRy6de Therefore, the itial
interface of the MAVLE was modified to include an open space with the-lfase

blocks.

Figure 3.6 MAVLE basel0 blocks

All the blocks had three basic functions: move, rotate and collide. There were
also other tools or icons that could be used to change the action by clicking the mouse

or changing the mode of the program (FigBrA):

f The hammer icon breaks any of the large pieces into the next size down. For
instance, by selecting the hammer and dtigkon a flat, the flat will break

into 10 rods or a rod will break into 10 units, etc.
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f The glue icon does the opposite of what the hammer does. For example, if
you align 10 units in a straight line to form a rod, clicking on the glue button
will arrange tle blocks and glue them together to form the corresponding
shape.

f The broom icon clears all bad® blocks and other blocks from the working

area at once.

H v

C

o |GLUEDe

Figure 3.7 A Metaphor used in MAVLE software A) Hammer, B) Glue, and C) Broom

3.5.2Selection of the 3D Modellingorogram for MAVLE Implementation

Many programming languages are available for creating 3D graphical
applications, each witdrawbacks and advantages. There are different technologies that
make the variety of virtual world application areas possible. Some of these applications
are proprietary, and some are open source. Applications in this domain are often
developed using the ain programming languages of the virtual reality modelling
language (VRML) and the Java 3D Application Programming Interface APl extension
of the Java language. Currently, most virtual reality tools are individualipdufpr a
general web browser. Most the tools are built on OpenGL or Direct3D, such as the
VRML browser and the Java 3D programming environment (Vani et al., 2010; Selman,

2002).
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The main differences between Java 3D and VRML, as suggested by Ko and

Cheng (2009), are summarised as follows

f Program approach: VRML adopts a conteantric approach, whereas Java
3D uses a prograiwentric approach for building 3D worlds.

f Flexibility: Java 3D is more flexible in terms of programming style and the
available functions. Essentially, the larger rnen of functions available
under Java 3D makes it a better tool for developing more specialised and
customised behaviour and applications. Java 3D provides more extensive
support for behaviours, interpolators, clipping and collision detection.

f Application complexity: VRML may be more suitable for simple graphics
applications where the development time is at a premium. When the content
or 3D world to be created is more complicated, Java 3D will be more
suitable.

f File format: As a texbased modelling languagor dynamic interpretation
based directly on the source code, VRML has a file format that is more
standardised. This is not the case for Java 3D, which has the capability to
support complied codes using ldevel APl for faster 3D graphics
rendering.

f Compatibility: Java 3D is able to support VRML objects through the
VRML97 loader. However, it is not possible for VRML to run Java 3D
programs.

f Dynamic variation of scene graph: Because Java 3D nodes in the scene
graph are instances of the corresponding elsshe scene graph that
describes the virtual 3D world created with Java 3D can be dynamically
changed. This is not possible for VRML.
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Selection of the appropriate technologies was very critical for successful
implementation of the MAVLE. Choosing the igWW W RRO WKDW ZRXOG VL
desire for interactivity and realism was essential. The MAVLE system was first
developed as small programs called units. Each unit was developed and tested for its
functionality; this has been referred to as unit testivliet, 2000). Unit testing mainly

verifies whether the modules or units meet their specifications.

One of the main features needed for implementing the requirements for
interaction in the MAVLE was collision detection for moving objects (FigBu&).
3 ROOLVLRQ GHWHFWLRQ &' LV D IXQGDPHQWDO FRP
object behaviors in virtual reallyased system. The collision detector is responsible for
ILQGLQJ DQG KDQGOLQJ FROOLVLRQ EHWZHH®. JHRPI
Collision detection has been a fundamental issue in many areas, such ashdsesics
modelling, computesimulated environments, computer animation and robotics (Watt,

2000).

The ability to detect collisions (Figu&9) in the virtual world is an important
building block for the wallaround navigation behaviour; it can also serve as the basis
for spatialchange detection (Barrilleaux, 2000). The issues surrounding collision
detection have been widely studied in therature. The objeebriented scene graph
included in Java 3D begets the potential to increase the efficiency of the collision

detection process (Watt, 2000).
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base-10 block Unit

Object-to-Object
collision area
base-10 block Unit

Figure 3.8 Objects penetrates each other

base-10 block Unit

Object-to-Object
successful collision
detection

base-10 block Unit

Figure 3.9 Successful collision detection

The basic collision detection requirement for the MAVLE was to detect the
presence of an object in relation to a target object and act accordingly. The MAVLE
prototype unit was developed using two different virtual reality languages (Java 3D and
VRML). Both prototypes were compared to analyse their suitability for implementing

the following types of collision detection:

f Viewer-to-object collision detection.
f Objectto-object collision detection.
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Based on the design principles, the MAVLE prototype implemented with Java
DQG -DYD " XVLQJ 6XQ OLFURV\WVWHPIV 1HW%HDQV
environment (IDE) was used; it provided complete support for the entire Javarplatf
(Java Platform Standard Edition, Java Platform Micro Edition and Java Platform
Enterprise Edition). NetBeans 5.5 IDE is a modular, standaadsed program written in

the Java programming language.

7KH -DYD ' M9LHZ3ODWIRUPY RE MHécationd&h8 UHVH
orientation; it had a budin transformation object that controlled this movement.
I1DYLIDWLRQ WKURXJK YLUWXDO ZRUOGV ZDV SURJUDI
that controls the interactions between input devices, mouse and keydwérthe

ViewPlatform object.

The MAVLE was also implemented using ParallelGraphics VrmIPad running in
the Cortona VRML client. ParallelGraphics is a VRMuthoring software tool based
on ISO standards for VRMLs. Early evaluation of the MAVLE prototype dttlihis
research detect advantages and disadvantages at an early stage in the development of
this software program. This section examines the preliminary outcomes from the
comparative study of the MAVLE prototype implemented using both Java 3D and
VRML. Although Java 3D and VRML both seemed to target the same application area,
i.e., virtual worlds, fundamental differences between them existed with regard to
implementation of the scene graph. Unfortunately, it was proven to be difficult to
implement all of KH SURWRW\SHYV EHKDYLRXU FDSDELOLWLE

was less than expected.
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The development of the MAVLE prototype brought to light some VRML issues
and difficulties that VRML programmers are likely to face. Foremost of these was a
problem invdving collision detection. The objetb-object collision detection in
MAVLE was expected to be one of the most important features and had to be
implemented successfully and efficiently. Whereas Java 3D and VRML were frequently
used for 3D graphics develment, Java 3D was, in general, a more specialised tool for
creating customised 3D graphical applications. Therefore, Java 3D was used for
rendering the MAVLE prototype at the next stage of this research project; the selection

of Java 3D for developing thdAVLE was based on the following conclusions:

f The Java 3D APl is available free of charge.

f Java 3D easily integrates with Java, using Swing and AWT (Abstract
Window ToolKit) components.

f Java 3D is portable across various platforms.

f -DYD 'YV VFHQHasIdJdqueyng structure that supports collision
detection.

f Its application can be easily made available on the Internet with some

modifications.

3.5.3MAVLE system design

&RJIJQLWLYH OHDUQLQJ WRROV DUH WRROV WKDW F
task (Lee and Wong, 2008). With this aim in mind, this research intended to design the
0%$9/( WR EH D FRJQLWLYH WRRO OD\HUYV GHVLJQ SUL
enhanced when related words and pictures were positioned close together on the screen.
The manipulatives in this study were based on VRM {i@sdlocks. The VRM

provided in the MAVLE only use words for labelling buttons.
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3.5.3.1MAVLE interface description

The MAVLE shown in Figure 3.10 was obtained as a result of the design
process described ihé previous section. MAVLE application consisted of a three
panels: top, right and working. As we can see in the figure, the top panel contains many
icons, and each is used to change an action resulting from a mouse click. Table 3.5

describes all the funicins available on the top panel.

The right panel consists of the exercise display panel and contains two boxes.
The first box displays the first number, and the second box display the second number.
The second is result display panel; it is used to refteet number ofvirtual

manipulativesnside each compartment.

The working panel contains four compartments that are used to represent the
SODFH YDOXHYV TV TV TV DQG TV 20QH RI WK
present the concepts to thasd, making it a very tidy, quick and simple way to teach
the material. A second use is obviously for the students to practice problems in the
FRPSXWHU ODEV $ VWXGHQW VLPSO\ QHHGV WR FOL

problem.
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Figure 3.10 MAVLE main screen interface
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Table 3.5 MAVLE top panel icons description

Icon Symbol Descriptions

Clicking on this icon will Start new exercise in order to
‘ i (crede own problem / generate problem / start probler

The Hand icon used fout MAVLE in normal mode
| which is the most common one. This is the mode whe
M | | \RX FDQ PDNH SHUIRUP GLIIHUHC
new VM inside any compartments in orderepresent
the required number of VM according to the exercise |
| have been createselects DQG GUDJ pPSLFN
move any VM.

| The glue icon used to align 10 units of VM in a straigh
: line or 10 rods of VM to be glued together to form the
¢ corresponding size ughe block Click on the Hand icon
o o to revert to normal mode.

The hammer does the opposite of what the glue does
This hammer is used to break any of the large pieces
| | the next size downThere is a distinct sound emphasis|
‘ the use of a hamme®elect the hammer and click on a
100-block to break it into 10 H8locks or click on a 10
block to break it into 10-blocks. Click on the Hand icot
to revert to normal mode.

l You click on the broom to clear, all at once, all the VM
\’1 blocks from the working panel in order to start new
exercise.

| Reset it .| Clicking on this icon will reset the view to a predefined
ESEL Fosilon camera position and orientation.

| s Clicking on Help give general help about the MAVLE
\ application and how to use it.
L= Clicking onthe Exit iconwill exit from MAVLE.
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A new exercise dialog box will appeéfigure 3.1). The dialog box described

as follows:

T TH THh THR T

Student name: will ask the student to enter his/her name.

Student age: will ask the student to enter his/her age.

Grade ével: the grade level will be eithet®dr 39 grade.

((HUFLVH PRGH HLWKHU p&ODVVURRP ORGHY RU
Classroom Mode: in this mode the student will create the exercise from the
class board or textbook, without restriction on the grade levetwal lof
difficulties.

Regular Mode: the exercises will work according what will be selected in the

next box (grade level, level of difficulty)

Level of difficulties: the exercise level of difficulties with each grade level
ZLOO EH HLWKHU @WIV\Y RU p'LIILFX

7\SH Rl RSHUDWLRQ WKH W\SH Rl RSHUDWLRC(
HBXEWUDFWLRQY

f Ok button: when this button pressed the new exercise will start.

f Cancel button: when this button pressed the new exercise dialog box

cancelled.

New exercise dialog box

7

.-

LS ,-dll Student name

[Lamya I } Student Age

Exercise modes 4—=

Grade level

e el
Lev s
s
= |

el of difficulties
/4

Type of operaion

v | Al da

; = \
/ - W, W R

g ey
L1 L1

O\ W W

-

Cancle button Ok button

Figure 3.11 MAVLE new exercise dialog box
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The MAVLE travel technique tasks are achieved usirgjandard mouse and
keyboard manoeuvres. These travel tasks are accomplished with the following actions

(Figure 3.12):

f Click right mousebutton + drag up/down (1) in order to move aldhg Y
axis

f Press keyboard up/down (2) arrows in order to turn up/down around Y axis
(Yaw).

[ Press keyboard left/right (3) arrows in order to turn left/right around X axis
(Pitch).

f Click right mouse button #rag sidewaysleft/right (4) in order to move
along X axis.

f Roll mouse wheel forward/backward (5) in order to move atbhad axis

+Y

@'Yaw' rotation Left / Right
@ Movements Up / Down

Figure 3.12 MAVLE travel techniques accomplished using mouse and keyboard
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3.6 Phase 4:Evaluation of MAVLE System Interface

An informal pilot study was conducted with a small group of teachers and
students at a school similar to theeamsed in the real study. Conducting a pilot study
allowed the researcher to ask teachers for suggestive feedback on the MAVLE
application. A usability evaluation of the MAVLE prototype was conducted. The goals
of the usability evaluation were to assesahilgy problems with the MAVLE system

interface. Our aim was to evaluate the ease of use and ease of learning the interface.

3.6.1Description of the Sampling

According to the education system in Saudi Arabia, gender segregation was
required at all levels of flic and private education, which means female access to
male schools was prohibited, and vice versa. The Saudi Arabian educational system is
unigue among all Middle Eastern countries because of its structure and strategies for the
reproduction of culturalgender divisions through gendsegregated schools and

colleges (ElSanabary, 1994).

However, there is a divergence between computer education in public and
private schools in terms of content and the stage at which schools start to teach
computer stude Computing is only taught to high school students in public schools,
whereas private schools start teaching computer skills at the elementary level (Abu

Hassana and Woodcock, 2006).
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Due to educational gender segregation and differences in computeilergper
WKH WDUJHW VDPSOHV IRU WKLV VWXG\ ZHUH IURP
elementary school in westeaentral Jeddah, Saudi Arabia. The seegratle students
were aged between 7 and 8 years old. Regarding ethical principles, which are vital
aspects of the research process (Greig et al., 2007), the researcher made clear statements
regarding the ethical approval and rights of the parents and students in terms of

disclosure and confidentiality (see Appendices B and C).

3.6.2Patrticipants

The targetgR XS IRU WKH HYDOXDWLRQ ZDV VWXGHQWYV
school in westerntentral Jeddah, Saudi Arabia. The chosen school was similar to that
planned for the primary study. The school had two segpade classes with
approximately 30 studentis total. More specifically, the participants were composed of

only two groups of students.

3.6.3Material

The MAVLE application is a stardlone application. It provides the students
with a realtime, 3D-interactive environment where they can manipulate astibtgects

using the mouse and keyboard found on any PC.
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3.6.4Procedure

Students were introduced to navigation in the MAVLE and applied practices that
consisted of a sample environment where each user was asked to perform navigational
behaviours to guaranteellfwnderstanding. The practice stage ensured that the user
would have some knowledge of how to use the mouse in navigating in a desktop virtual
UHDOLW\ HQYLURQPHQW 7KH WDVNV ZHUH GHVLJQHC
solving the exercise involvgn the addition of twe and threedigit numbers. The
addition of threedigit numbers was generally taught at the end of the second term for

students in the second grade.

The researcher led the participants through a series of-dlgieaddition
exercises.7KH H[HUFLVHV ZHUH FUHDWHG ZKHQ WKH VWXC
new exercise dialog box appeared (Figure 3.13), allowing the students to enter their
names and ages. The students then chose options from the combo boxes: grade level
(second otthird), exercise mode (classroom or regular), level of difficulties (easy or
difficult) and type of operation (addition or subtraction). After configuring the exercise,

the students pressed the OK button to start.
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New exercise dialog box

Figure 3.13MAVLE new exercise dialog box

The addition exercise created was: 163 + 977. The first number was 163, and the
second number was 977. In FiguBel4, the right panel area is labelled (1), (2)
UHSUHVHQW WalKdiit, Whiclsi® threeHin the first number compartment and
VHYHQ LQ WKH VHFRQG QXPEHU FRPSDUWRE Qg U
which is six in the first number compartment and seven in the second number
compartment, (4) represents the 00 S-@Galié dHgit, which is one in the first number
compartment and nine in the second number compartment, and finally, (5) represent the
1V S-@alé& dhgit, which is zero (i.e., empty). In this example, the student started
to solve the exerciseylplacing the cursor inside the compartment and pressing the roll
button on the mous&p enablegshem to drop the base EORFNV LQWR WKH T
TV FRPSDUWPHQWYV )HHGE DENvlodk¥apgp&areH inlGheéReSBIH G E

display panebn the right side of the scre€igure 3.14
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Figure 3.14 New addition exercises 163 + 977

Next, the student began to interact with the basesEORFNYV VWDUWLQJ |
placevalue digit, which satisfied the numeracy plaedue concept. The student then
moved the bas&0 blocks from the first number compartment to the second number
compartment. Each movement of any ba8eblocks was reflected in the result display
panel. According to addition operation rules, when the second number compartment
contains 10 units of bask® blocks, the student should perform a regrouping (i.e., carry

concept).

This regrouping concept is achieved by pressing the glue button on the top panel
([1] from Figure 3.15). In doing so, eachbase EORFN IURP WKH YV FRPSD
outasifwad WLQJ LQ |URQW-vBRlleWworkhpartmgnt aStBelbhdé of the blocks
([2] from Figure 3.15). After the last block is selected, they will automatically be glued
together to form the new rod bas@ block and moved directly to the first number in

the TV S-@aé dhgit ([3] from Figure 3.15). This process is replicated for all digits,
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and all actions and movements are reflected in the result display panel (see Figures 3.16

and 3.17).

EEEEENEEERE R, ——

TV RepQiEwpsikyforlthed FDU U\
travel

working area, this was a result oVIRTUAL REALITY

Figure 3.15 Screen shot showsV KH UHJURXSLQJ

v
)
ﬁ
i
;

Figure 3.16 Screen shot show the regrouping ® 1V FRQFHSW diffetdnt Hénigdint for the

working area, this was a result ofVIRTUAL REALITY travel
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Figure 3.17 Screen shot shows thénal result for the problem: 163 + 977= 114Q top viewpoint for
the working area, this was a result of travel tasks

3.6.5Results and Recommendations

The pilot study indicated that the navigational behaviours of the MAVLE were
easy to use by students. Verbal comments made by several studentgtahiringe of
the MAVLE specified that they felt immersed in the environment, although no special
immersive virtual reality hardware was used. The types of comments heard from the
students demonstrated they were thinking about their actions and weresixptiem
to their peers. The following comments are provided as a small sample of what was
H[SUHVVHG 3/RRN , PRYHG P\ EORFN WR WKH Tv L
ZRXOG KDYH WHQ Tv" 3:DWFK WKLV LV KRZngwWPRYHG

EDFN DJDLQ 6HH , VWLOO KDYH WKH VDPH DPRXQW’

EUHDN LQWR WHQ  fV ~
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These types of comments were not heard before when students were working
with the traditional classroom teaching methods. Their math teacherxeitedeto see
self-discovery of the addition concept in her students using the knowledge they had
gained in class. These commewtsre based on an immedideedback of their action
placement andhoice of base EORFNV )JLQDOO\ WKHLU FRPPHQV
DQG 3<HDK FRPSXWHU WLPH" DQG VKRXWV DQG FKH

working with the MAVLE.

In conclusion, the initial evaluation indicated that the following changes were

requred for the software design:

f The mouseshape could be made into a hand shape. It could be modified to
transform into the glue, broom or hammer icon depending on which button is
pressed. This would help young students differentiate between mouse and
mode ations.

f The f&bmpartment needs to be enlarged to reflect its platee position
ZKHQ FRPSDUHG ZLWK WKH TV FRPSDUWPHQ)
compartment will be enlarged to represent its pladae position.

f In theright panel, the finish buttonnothe activity panel will be removed
because it produces the same action as the broom button on the top panel.
This removal will help avoid confusion in the students.

f Due tothe extra effort needed for students to enter their data and preferences
in the nav exercise dialog box, it was modified to exclude unnecessary items
and add needed items. The three items on the new exercise dialogue box are

as follows (Figure 3.18):

¥% Operation type The operationtype ZLOO EH HLWKHU up$G
HEXEWUDFWLRQT
¥, Training type: 2digit or 3-digit exercises.
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¥ Difficulty type: In addition exercises, regrouping tens, regrouping
hundreds and regrouping thousands, while in subtraction, regrouping
tens and regrouping hundreds.

% The MAVLE prototype for the subtraction operatioroae will be

implemented.

1000's compartment

*
*

Jzsb  ge>®  adasligs Operation Type
Subtractiol E T

n Addition Solution ¥~
3 AEARRERREN &‘.’If'r. "
* 0000
~ Training Type 3 s
999 >ia)l oo (w3AC ® 99 3a2)l oo pOAc U woyall gy o*

Three Digits Two Digits ‘ o 0000

—— 4 '--... | s |

@Vl g oslol ¥ wsamalla>,s "Eﬁ

leﬁcult! ;I'zpe *
| elall | “aglsa 5

= Z
.

10's Compartment 1's Compartment

100's Compartment

Figure 3.18 MAVLE new exercise dialogue box
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CHAPTER 4 Research Methodology

The previous chapters summarised the necessity for this research within the
relevant context of the existing scholarly literature. The purpose of this researal was t
examine the impact of using VRM as a cognitive learning tool to aid sayrade
VWXGHQWVYT FRQFHSWXDO XQGHUVWDQGLQJ RI DGGLW
chapter outlines the research methodology used during the implementation and analysis
of this study. The research methodology describes the virtual manipulatives applications
and an overview of the design, participants, data collection process and data analysis

procedures for the studies performed.

4.1 Instrumentation and Materials

The virtualmanipulatives applications investigated in this study were as follows:

f The MAVLE application: is a standlone application developed for the
purpose of this study. The MAVLE application was used by the VRM group.

f The NLVM applicationis a freetrial versiom 2.0 downloaded from the
(http://nlvm.usu.edu/en/nav/vlibrary.htmmiThe students worked specifically
ZLWK WKH p%DVH %ORFNV $GGLWLRQY DQG pu%CLC

the Grades Pr& 2 numbe and operation section. The NLVM application

was used by theDM group.
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4.1.1National Library of Virtual Manipulatives (NLVM)

The NLVM website provided the 3DM used in this study. During the numeracy
XQLW VWXGHQWY ZRUNHG VSHFLILMDIARAM\ZD & MAKIHV H
6XEWUDFWLRQY DSS ORVivimbe&) awd koperatidrDgedton. JheHNLVM
basel0 blocks virtual manipulatives used in this research were presented in a text and
3D-graphics format and did not include sound or animation. THR®€ 0 KDG D pEDFN
button that was present on each page. The back button took the user back to the main

menu.

4.1.1.1Description of Addition Operation Using NLVM

KHQ p%DVH %YORFNV $GGLWLRQYT ILUVW ORDGV Wi
addition problem usig base EORFNV 7KH VWXGHQW FOLFNV WKH
obtain a new exercise. The additioarry operation is performed by means of the
amalgamating procedure, in which the user amalgamates thd ®decks to make a
carry into the next highgslace value. To accomplish this, the student clicks and holds
down the mouse key while dragging a rectangle to lasso thelbalkmcks together

(Figure 4.1).
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Figure 41 1/90 p%DVH %ORFNV $6@ the/daRy@flerat®® X VW

4.1.1.2Description of Subtraction Operation Using NLVM

KHQ WKH p%DVH %ORFNV 6XEWUDFWLRQY ILUVW
complete a subtraction problem using base EORFNV 7KH VWXGHQW FC
SBUREOHPY EXW\W RV &drcisR.ERoERive numbered bB3eblocks are
displayed using blue blocks (first number compartment). Negative numberedMase
blocks are displayed using red blocks (second number compartment). If a student
touches a blue block with a red bloakthe same size (cliekold-drag with the mouse),
the blocks will disappear. The subtractioorrow operation is used when the student
moves a bas&0 block from a higher place value to a lower place value. Thelthase

blocks are then broken apart to shinat the student made a borrow (Figure 4.2).
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4.1.2Mathematical Virtual Learning Environment (MAVLE)

4.1.2.1Description of Addition Operation Using MAVLE

KHQ 03$9/( ILUVW ORDGV WKH VW XAHEXW WAL N)\L M
4.3 [1]) to obtain a new exercise. The student then clicks the hand icon (2) to pick up

the basel0 blocks from the first number compartment and places them in the second

number compartment to begin the addition process. The addaion operation is

accomplished by using the glue icon (3) from the menu bar. This icon enables the

student to start amalgamating the ba6eblocks (4) to form a rod that will be

automatically moved to the right plagalue compartment (5).
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Figure 43 0$9/( p%BDVHORFNYV $GGLWLRQYT LOOXVWUDWLQJ WKH

4.1.2.2Description of Subtraction Operation Using MAVLE

7KH VWXGHQW FRPPHQFHV WKH VXEWUDFWLRQ H[
button (Figure 4.4 [3] The student then clicks the hand icon (2) to pick up a-base
block from the second number compartment and drop it on alakkock in the first
number compartment, which will cause both blocks to disappear. The subtraction
borrow operation is perfared by the hammer icon (3). The student uses the hammer
icon to break apart a group of bak® blocks into the next smallest unit grouping (4).
The student clicks on the hand icon to revert to normal mode in order to continue the

exercise.
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Figure 44 0$9/( p%BDVHOORFNYV 6 XEWUDFWLRQYT LOOXVWUDWLQJ W

4.2 Study 1: The Impact of Virtual Reality Manipulatives on StudentV
Performance in Numeracy Concepts

In this study, our primary goal was to exyg secongrade students in exploring
the VRM and 3DM, which support visualisation of abstract numeracy concepts (i.e.,
addition and subtraction), and observe their interactions. The study specifically

attempted to investigate the following research hypsés:

f The VRM group is predicted to have a significant positive performance
outcome (i.e., regarding the number of solving problems for addition and
subtraction) than those in the 3DM group.

f The number of errors in the plas@alue concept is predicted tbe
significantly different between the VRM and 3DM groups.

f The number of errors in the regrouping concept is predicted to be
significantly different between the VRM and 3DM groups.

f Thenumber of errors in the concept of regrouping positively correlatés wit
the number of errors in the concept of place value.

f In the VRM group, a greater number of solving problems correlates with a

high level of virtual reality navigation behaviour.
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4.2.1Design

This study used a betwesnbjects experimental design. Students pigdied in
the study during their regularly scheduled mathematics class sessions. Participating
students were randomly assigned to one of two treatment groups (VRM and 3DM).
According to Gall et al. (2003), an experimental study is the most influentedroks
method for verifying cause and effect relationships among two or more variables. As
such, the procedure for this study involved the assignment of students into groups for
the delivery of instructional interventions, illustrating the sequence of giuaedures

and data collection.

4.2.2Participants

The participants in this study were secamdde students from four primary
schools. These students were not novices regarding computer use because computers are
used in general applications for different sabge In total, 104 students were included
in this study from the following schools: 36 from Alandalus, 24 from DarAlhuda, 18
IURP $OIHUGDRXV DQG IURP $OHEGDD $IWHU FRPS
referred to as a mathematical achievement in thHeods, the highest level of
mathematical achievement was found in the Alandalus school (high = 34% and medium
= 35.2%). In contrast, the lowest mathematical level of achievement was found on the

Alferdaous school (high = 20% and medium = 14.8%).
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Figure 45LOOXVWUDWHYV WKDW WKHUH LV D GLIITHUHQ
PDWKHPDWLFDO OHYHOV RI DFKLHYHPHQWY 7KLV OHC(
LQIOXHQFH VWXGHQW DFKLHYHPHQW OHYHOV LQ PDYV
Pearson chsquae test was performed to determine whether there was a significant
relationship between the school and level of achievement in mathematics. The results
indicated that there was no statistical significant association between schools and
mathematical levels b DFKLHYHPHQW $ > @ S

considered all students, regardless of their school, as if they were from one school.

Percentages for Mathematical Achievements Levels within Schools

%o Alandalus

4
%% Alebdaa % Dar-Alhuda

Achievement Levels
OHigh
D Average

% Alferdaous

Figure 45 3SBHUFHQWDJHV RI VWXGHQW T Veveam& peiPsbhdolsF DO OHYHO

Accordingly, the participants in this study were selected from each school
randomly. The students in class (A) were assigned to the VRM group, and the students
from class (B) were assigned to the 3DM group. Thus, the total numberdehtt in

both groups equalled 52 (Figure 4.6).
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Participants Demographics

Alandalus School Dar-Alhuda School Alferdaous School Alebdaa School

Figure 4.6 Participant distributions across experimental groups

4.2.3Procedure

This study took place in computer labs at the four individual schools during
regular school hours and over the course of five days. The students attendi@d4d®eg
minute computer lab sessions scheduled every day. In all the schools, a formal
coordination existed between the researcher and the math teachers to ensure that
students were taught addition and subtraction before the week of the experiment. Thus,
the length of time between the classroom teaching lesson of addition and subtraction

and the date of the experiment was constant in all schools.
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On the first day of the study, the researcher downloaded the NLVM and
MAVLE experimental applications to all cquaters in each school. On the second day,
the researcher presented a-dag NLVM and MAVLE workshop to introduce teachers
to the purpose of the study and to guide them in how to teach and implement the
numeracy concepts of addition and subtraction. Ontlivd experimental day, the

teachers and the researcher introduced the students to the application interface and tools.

Students began working with the exercises based on their previous knowledge of
addition and subtraction of twand threeadigit integernumbers (see Append® and
E). Each new task was introduced only when the researcher was satisfied that the
students had successfully understood the previous task. This process continued until the
students became familiar with the NLVM and MAVLE applioas. On Days 4 and 5,
the students conducted addition and subtraction exercises freely; however, these lessons

were related to the lessons of the numeracy curriculum unit.
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Instructional Intervention
The teacher in both groups teaches the numeracy concepts
using the traditional classroom teaching methods
(Paper-and-Pencil)

Participants completed
their numeracy exercises in
computer lab using NLVM
application

Participants completed
their numeracy exercises in
computer lab using
MAVLE application

The CamStudio software used to record all screen
activity in real-time. The data was gathered from
CamStudio recorded video. It was mitiated prior to
students arrival at computer lab in order to record all
on-screen activities by students while interacting with
MAVLE/NLVM.

Figure 4.7 The sequences of study procedures and data collection
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4.2.4Data Collection

The computer lab setting was prepared by the researcher by placing a numbered
sticker on each computer screen. This number was linked to the naeaeho$tudent
OLVWHG RQ WKH FODVYVY UHJLVWHU LQ RUGHU WR WUDF
was collected using the screen video capturing program, CamStudio (released by
RenderSoft). The flexible nature of screen vitbesed data collectiomllows a
researcher to rewind and review materials repeatedly. The advantages of using screen
video-based data lie in its permanence as a record, its uncomplicated restoration and its

ability to make findings readily available to other researchers.

The CanStudio software was used to record studentscoeen activity and the
interaction of keyboard/mouse input during the experimental computer lab sessions. The
CamStudio software was initiated before the arrival of the students. The researcher
requested thaall students freely interact with the math application and start their
individual exercises. After the session ended, the researcher saved the recorded screen
video on a hard disk. The researcher carefully watched and transcribed the data from the

recorded video screen files.

4.2.4.1Preparing to analyze video data

Before data analyses could begin, understanding the type of elements that were
most important to note for both groups was required. This research sought to find
evidence related to the predictions mau the hypotheses for this study. Therefore, we
were particularly interested in counting the number of times children started new

numeracy problems (addition or subtracjiand solved them successfully.
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In addition, we were also interested in deterngniime number of errors for the
regrouping and plaeealue concepts when children failed to solve the numeracy
problems correctlyi-urthermore, for the VRM group, extra data were collected from the
screercapturing videos by observing the frequency of gatronal behaviours such as
wayfinding, flying, walking and zooming, as shown in Table 3.4. The purpose of
collecting these data was because we expected there might be a pattern between the
number of solved problems and the virtual reality navigationahwebrs that could
help us make a certain prediction about how virtual reality navigational behaviours help

in the learning process.

4.2.5Data Analysis Plan

Variables used in the study are summarised in Tdble The dependent
variables were collected by cding the number of problersolving achievements and
the number of errors in the regrouping and phealeie concepts. Specifically, for the
VRM group, the total number of navigational behaviours (walk, fly, zoom in/out and
wayfinding) in the MAVLE was colleted, and these navigational behaviours were

performed by the students while solving problems.
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Table 4.1 Summary of Dependent and Independent Variabls in Study-1

Type Variables Description
= 3DM Refers to the 3D manipulatives representation of
3 basel0 block manipulatives in NLVM.
&
)
E VRM Refers to the VRM represetion of basel0 block

manipulatives in the MAVLE.

Refers to the total number of navigational behavig
Navigational behavioury patterns (fly, walk, zoom in/out and wayfinding)
performed by each participant in the MAVLE.

Refers to the number of successful completions of

Solvedproblems addition and subtraction problems.

Refers to the number of errors in the regrouping
Regroupingerrors concept (i.e., carry and borrow) while solving
addition and subtraction problems.

Dependent

Refeas to the number of errors in the placdue
Placevalueerrors FRQFHSW L H Tv Tv TV
solving addition and subtraction problems.

Multiple data analysis techniques were used for the collected data. For the
analysis of the data, the SPSS 17.0t{8teal Package for Social Sciences) and Excel
2007 were used. At the beginning of the study, an independent saregiat the level
of significance 0.05 was conducted to look for significant differences between the
students who were interacting witliheer the MAVLE or the NLVM. Then, correlations
and linear regression analysis methods were used to explore the relationships among the

variables.
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4.3 Study 2: The Effectiveness of Virtual Reality Manipulatives on
Student Achievements in Numeracy Concepts

In this study, our primary goal was to investigate the effectiveness of VRM on
student achievement in numeracy concepts. The research hypothesis addressed in this

study was as follows:

f All groups are predicted to have a significant positive achievable oeitcom
from pretests to postests for both addition and subtraction.

f The VRM group is predicted to have a significant positive achievable
outcome in postests for both addition and subtraction than the 3DM or

traditional classroom teaching (TCT) groups.

4.3.1Despgn

This study used a quaskperimental design pitest, postest and control group
(Campbell and Stanley, 1966). As such, the procedure for this study involved
assignment of students to groups, implementation ofgsts, delivery of instructional
interventions and implementation of pdssts, Figure4.8 illustrates the sequence of

study events and procedures.
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Figure 4.8 The sequencsof study-2 proceduresand data collection.
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4.3.2Participants

The particimnts were 59 students from three different classrooms. All three
classes were taught by the same teacher. Class (A) had 17 students, Class (B) had 20

students and class (C) had 22 students.

4.3.3Procedure

The most common tools for measuring student achieveleeels are preand
posttests. The researcher designedlass papeandpencil tests of numeracy lessons
for both addition and subtraction. The tests were based on sgrahel level objectives
for learning addition and subtraction. Students completeel test before the
addition/subtraction unit (i.e., the prest) and on the last day of the

addition/subtraction unit (i.e., the pdsst).

4.3.3.1 Pre/Post Testdmplementation

Pre and posttests were developed to determine student learning associated with
target concepts. The researcher administered theegi® before the interventions and
the posttests immediately after the interventions for all three groups. Thepdepost
tests were given during their assigned class period without exceedingritiardtalass
time of 45 minutes. Preand postests for both addition and subtraction were
distributed to all students. The teacher asked the students to place their assigned student
identification number in the space provided, read the written instrgctoothem and
encouraged them to do their best work. When the students had finished the tests, the

teacher collected them and placed them in a folder provided by the researcher.
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4.3.3.2Homogeneity of Pretest

Before the data could be analyzed to answer the n&sapiestions, it was
important to examine the equivalence of the instruments by analyzing the data produced
by the three instruments. Two separate statistical tests were performed to determine the
equivalence of the pr&8V HVW /HYHQHTV WvaNaweRandHT By L W\ R |

analysis of variance (ANOVA).

7KH UHVXOWY RI WKH /HYHQHfV WHVW HY-R& XD W H(
ANOVA, which was whether the population variances for the three groups were equal
RU QRW %DVHG RQ Wtatity /afl waibQcdsy] ¥ coultl beVesdriingd that the
homogeneity of variances was not violated (p = 0.142, p > 0.05) in the study. This
indicated that the homogeneity assumption was valid for all group comparisons. The
ILUVW WHVW D /HY H QtHd] pvalverwasV grest&r Riahl G.08)V kU3, the
variance in prdest scores was not significantly different in the three groups. This

indicated that the homogeneity assumption was valid for all group comparisons.

The second test, a omeay ANOVA, was condated to determine if the three
learning modes were homogeneous in terms of existing knowledge of addition and
subtraction, which was measured by thetpst. Statistical tests were conducted at a p
value significance level of 0.05. The result showed thate was no statistically
significant difference in the prest scores between the VRM group (M = 24.94, SD =
10.262), 3DM group (M = 22.85, SD = 6.815) and TCT group (M = 21.45, SD = 6.688;
F [2, 56] = 0.932, p = 0.400). It was, thus, inferred thatetheere no significant

differences regarding previous knowledge on the subject matter for all learning modes.
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Classes were chosen randomly for each group: Class A = the VRM group, Class B = the

3DM group and Class C =the TCT group.

4.3.3.3Description of addition/subtraction instructional setting sequence

During this study, lessons were conducted in the segeeme classrooms and a
computer lab. There were 25 computers in the computer lab, as well as a teacher
computer station with a display screen. Every studexdt their own computer and

worked independently in the lab.

The addition preaest was administered in one day for all three classes. The
subtraction preéest was administered the following day. The lessons for the TCT group
started with an introduction tthe numeracy topic for the day; this was followed by
several mathematical tasks where students used paper and a pencil. Students completed
worksheets and teacherade task sheets that provided practice with the physical
manipulatives. At the end of eachneputer lab and classroom session, the teacher used
the last 10 minutes of the class to hold a discussion with the students to elicit thinking

and connect ideas that students explored during the sessions.

After these two days, the teacher started a nesefesoncept each day followed
by a practice exercise. The teacher taught the lesson in each class at their scheduled
times. Each assigned class was taught with the use of one treatment application (i.e.,

VRM, 3DM or TCT).
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The teacher explained new coneeph Day 1 and Day 3. On Days 2 and 4, the
teacher gave the students' numeracy problems to solve to confirm their understanding.
The days (2 and 4) were either spent in the computer lab for Classes A and B or in the

classroom for Class C.

The computer labsessions started with an introduction to the virtual
manipulative (VRM or 3DM); this was followed by several mathematical tasks for the
students to complete independently. Each day, students received ‘@acleetask
sheets with instructions for using thé@tual manipulatives and space to record their
work. The teacher modelled how to use the virtual manipulative applets before students

worked independently.

Classroominstructional Settings

The conversational framework by Laurillard (2002) can be usedpin how
an active conversation between teachers and students may support student mathematical
learning in math classrooms. From this perspective, we based our design of the
FODVVURRP VHWWLQJ RQ /DXULOODUGAY9). Fiie @&AHE W XD C
helped the students to build their mathematical numeracy knowledge of the concepts

through the processes of iterative negotiation.

Figure 4.9 Lauri O O D GahdeptuD @Wel of actions
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The class started with the teacher greeting the students and asking them to open
WKHLU ERRNV WR WKDW GD\YfV OHVVRQ DERXW DQ DGG
the teacher projected the same page on the screen or board in front of th&heass.
classroom setting was the same for all groups (FigLr@). The researcher was present

with the teacher in the class at all times to observe without interference.

After introducing the new concept on the screen or board, the teacher solved the
examples in each class according to the easggned treatmentClass A used the
MAVLE application, Class B used the NLVM application and Class C used the paper

and pencil method.

Figure 4.10 The classroom setting
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ComputerLab Instructional Settings

/DX UL O O@Yerversational framework viewed the learning process as a
conversation between the teacher and student. From this perspective, we based the
GHVLJQ RI WKH FRPSXWHU ODE VHWWLQJ RQ /DXUL
(Figure 4.11). At this levelthe teacher sets out practices for the students to improve

their understanding of the concepts.

Figure 4.11 / D X U L O (Ekperierttigl flevel of actions

Class A went to the computer lab with their teaclwed the researcher. Each
student sat at a desktop computer station and started applying the concepts learned
during class at their own pace, with the opportunity to manipulate the exercises freely.

The lab setting (Figure 4.12) was the same for the VRM3&# groups.
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Figure 4.12 The computer lab setting

After the teacher explained and solved one example on the computer lab screen,
the teacher asked the students to start solving more exercises by themselves to elicit
their understanding of theoncepts using the assigned treatment (VRM or 3DM) while
GRLQJ VR 7KH WHDFKHU PRYHG DURXQG WKH FODVV
The same sequence took place with Class B in the computer lab at their scheduled class

time.

4.3.4Data Collection

Data ®urces included preand postests used to examine student addition and
subtraction content knowledge. The pend postests had eight questions for both
addition and subtraction (AppendicBsand E). Table 4.2 provides a list of all the
numeracy conceép measured by the prand postests. Three subject matter specialists
were requested to review the test questions and provide an assessment of how well the

test questions represented the numeracy ctsicéaddition and subtraction.
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These three subjeatnatter specialists were math teachers in Jeddhé
location of the study. Comments from the subject matter specialists were taken into

consideration before the tests were used.

Both pre and podests were similar in content. The total grade was ou8 b2
each test. Grading systems for each question on thempieposttests were as follows

for both addition and subtraction:

f Onemark was given for each correct answer in addition or subtraction for
DQ\ GLJLW TV Tfv DQG foviecDa@swel.HUR IRU HDF
f Onemark was given for each correct answer in regrouping concepts (i.e.,

carry and borrow) and zero for each incorrect answer.
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Table 4.2 Addition and subtraction operation concepts for the second grade level
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4.3.5Data Analysis Plan

This section describes the various statistical tests used to analyze and test data.
Each research hypothesis were investigat@dguthe collected data for both addition
and subtraction numeracy concepts. SPSS Version 17 and Excel 2007 were used to run
the statistical tests, which included a paired samjpésstt data analysis procedure to
determine whether any of the groups (VRNDM8 and TCT) demonstrated significant
improvement from the priest to the postest. An ANOVA was performed on the
addition postests and the subtraction passts to look at the differences in test scores

among groups.

The effect size was used to tédllthe effect to be tested was weak or strong
(Cohen, 1988). The effect size of an ANOWpe model test is known as partial eta
VTXDUHG L H "KHQ WKH LV LW DVVXPHV Wtk
assumes that the effect size is nratkeand 0.4 it assumes that the effect size is strong.

The paired sampletest data analysis procedure was performed to determine whether
any of the groups demonstrated significant improvements from thiegiréo the post

test.

Furthermore, to determé whether significant differences existed among the
groups on postest performance, an analysis of covariance (ANCOVA) was performed
with the groups serving as the principal independent variable and theegtostore as
the dependent variable; the gest score was the covariate. When subjects are
randomly assigned to treatment groups and the experimental design includasdpre
posttests (Schochet, 2008), the ANCOVA are the ideal method for adjusting for

possible extraneous variables.
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CHAPTER 5 Data AnalysisResults

In this chapter, data analysis results are reported separately for the two studies.
For each study, the quantitative analysis results, for which data were collected, are

reported.

5.1 Study 1: The Impact of Virtual Reality Manipulatives on Student
Performancein Numeracy Concepts

This study examined the delivery of numeracy activities for addition and
subtraction, using VRM and 3DM in the computer lab. A comparison was made for the
accomplished activities of addition and subtraction and the encourga@d in the
placevalue and regrouping concepts. The goals of the study were to determine the
impact of virtual reality on student performance in numeracy concepts (addition and
subtraction) and which manipulatives format, VRM or 3DM, had the greafest eh
student achievement performance and children's behaviours. In this study, data were
obtained using a scre@apturing software (CamsStudio) that recorded alsoreen
interactions performed by each student who used their keyboard and mouse. i@ata we
analysed using descriptive summaries and tests to determine the significant differences

among groups, cagfations and regression models.
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The study specifically attempted to investigate the following research

hypotheses:

f The VRM group is predicted tdave a significant positive performance
outcome (i.e., regarding the number of solving problems for addition and
subtraction) than those in the 3DM group.

f The number of errors in plas@lue concept predicted to be significantly
different between VRM grouand 3DM group.

f The number of errors in the regrouping concept is predicted to be
significantly different between the VRM and 3DM groups.

f Thenumber of errors in the concept of regrouping positively correlates with
the number of errors in the concept cdq# value.

f In the VRM group, a greater number of solving problems correlates with a

high level of virtual reality navigation behaviour.

5.1.1Results

Our aim of this study was to verify that the VRM were more useful in helping
students comprehend numeracy comeephe first hypothesis was thafthe VRM
group is predicted to have a significant positive performance outcome (i.e., regarding
the number of solving problems for addition and subtraction) than those in the 3DM

group v

Descriptive statistics (Figure 5.8howed that the students in the VRM group
had a higher mean score of 10.83 (SD = 6.392) than the students in the 3DM group with

a mean score of 6.81 (SD = 3.543).
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Figure 5.1 Mean number of problems solvediy groups

An independent sampleteést was performed to test the previous hypothesis. The
difference between these two groups (see T&hlg was found to be statistically

significant (t = 3.966, df = 102, p = 0.000).

Table 5.1 Mean number of numeracy problems solved by group (N = 52).

Group Mean Std. Deviation t Sig. (2tailed)
VRM 10.83 6.392
3.966 .000
3DM 6.81 3.543

We looked for the percentage of concept errors in regrouping (i.e., carry and
borrow) and place value (i.e., base QXPHUDWLRQ V\VWHPV 1V TV
during the performance of the addition and subtraction operations, we noticed that the
percentage number abnceptuakrrors in the 3DM group for regrouping were 81.44%

and60.67% for the placevalue concept.
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Whereas, in the VRM group, the percentage numbeownceptuakrrors for the
regrouping concept was 18.56% and 39.33% for the plalcee concept. These data
indicated that the amount of regrouping and pleaee concpt errors in the 3DM was
greater than those in the VRM group. This may reveal that the 3DM group most likely
has difficulties with the regrouping and placaue concepts more the than VRM group

(Figureb5.2).

Figure 5.2 The percentage number otonceptualerrors in the regrouping and placevalue concepts
per groups.

This tremendous variation in the number of errors for the regrouping concept
between grosV '0 YHUVXV 950 FRXOG EH FD>
misconceptions of the bad® numeration system (i.e., place value), as suggested by
Price (1998). Understanding the pla@due concepts is a necessary prerequisite in
computations (Price1998). In other words, Nataraj and Thomas (2009) stated that
children need to understand bdske number system (i.e., place value) structures to

develop their conceptual understanding of numbers and operations.
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The second K\S RW K H V L VheVninshib& of Gerrogs in the placevalue

concept is predicted to be significantly different between the VRM and 3DM grofips

The mean score for the placalue errors in the VRM group was 1.35 (SD =
1.644), and the mean score was 2.08 (SD = 2.641) in the 3DM groupd@pendent
sample ttest was performed to test the previous hypothesis. The difference between
these two groups was not found to be statistically significant{t694, df = 102, p =

0.093).

7KH WKLUG K\SRWeKkmbensf eriorD iWthieGgropping concept is

predicted to be significantly different between the VRM and 3DM groufis

The mean score for regrouping errors in the VRM group was 1.29 (SD = 1.601),
and the mean score was 5.65 (SD = 4.191) in the 3DM group. An independent sample t
tegd was performed to test the previous hypothesis. The difference between these two

groups was found to be statistically significant (7017, df = 102, p = 0.000).

7KH IRXUWK K\SRWHeHMHADér df\VeiRove HrGthe uconcept of

regrouping correlats positively with the error number in the concept of place value.

Further analysis was undertaken to investigate if there was a correlation between
regrouping and plaeealue concept errors for both groups. In order to detect this
correlation, the PearsqhV U FRUUHODWLRQ FRHIILFLHQW ZDV FD((
VRM group, there was no statistically significant correlation (r = 0.259, n = 52, p =

0.063) between regrouping and pla@due concept errors. Whereas in the 3DM group,
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the correlation higveen regrouping and plaslue concept errors were statistically

significantly and positively correlated (r = 0.536, n = 52, p < 0.0005).

Interestingly, the results showed that the number of concept errors in regrouping
(i.e., carry and borrow) performdxy the secondgradestudents in the 3DM group were
significantly correlated with the number of errors in the plealeie concept (i.e., base

QXPHUDWLRQ V\VWHPV 1TV 1TV TV DQG 1TV , Q

absence of a significant melation between the number of errors in the regrouping and
placevalue concepts could be related to navigational behaviours that allow students to
visualise and explore the bat@ numeration system place values by travelling (walk,
fly and zoom in/out)If they lose their way while travelling, they can click on the
ZD\ILQGLQJ QDYLJBWVRYDA DILEXPWWRY LQFOXGHG RQ
system while they continue to solve numeracy problems for addition and subtraction

simultaneously.

The finaO K\S R W K H \In_t\le VRWDgltpGa gpeater number of solved

problemscorrelatewith high levels of virtual reality navigation behaviouf

A scatter diagram showing the spreading of the variables (walk, zoom, fly and
wayfinding) in navigational bek@urs is presented in Figute3. The scattered plotted
points predicted the strength and direction of the relationships among walk, zoom, fly
and wayfinding. By examining the scatter plot, we noticed the positive linear pattern

and saw how close the points of walk, zoom, fly andfimding were to each other.
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Figure 5.3 Scatter diagram showing the spreading of variables (walk, zoom, fly and wayfinding) in
navigational behaviours.

To determine the strength of the relationships amomgk,wzoom, fly and
ZD\ILQGLQJ YDULDEOHYVY 3HDUVRQYVY FRUUHODWLRQ Zt
correlation at the 0.01 level was found among the navigational behavior variables.

Table5.2 summarises the analysis.

Table52 3SHDUVRQYVY FRUUHODWLRQ DPRQJ QDYLJDWLRQDO EHKDYL

wayfinding)
Variables Walk Zoom Fly Waygndm
Pearson 1 0.598* | 0.680 0.614
Walk Correlation
Sig. (2tailed) .000 .000 .000
Pearsa 1 0.569* | 0.431
Zoom Correlation
Sig. (2tailed) .000 .001
Pearsqn 1 0.550*
Fly Correlation
Sig. (2tailed) .000
- Pearson L
Wayfindin | correlation
g Sig. (2tailed)
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Clearly, it seems, from the above table, that there was a moderatieepos
correlation among the navigational behaviours variables. Therefore, we decided to

combine the variables under one name, which was navigational behaviours.

A scatter diagram was drawn for the two variables of performance while solving
problems and pé@rrmance in navigational behaviours (Figure 5.4), in addition to
FDOFXODWLQJ 3HDUVRQTV U FR wtdadgramlsRo@Qedr &RdtebrL FL H
pattern of a greater number of solving problems being achieved by those participants

who used high hels of navigational behaviours.

Figure 5.4 The relationship between solving problems and navigational behaviours.

This scatter plot was used to visually identify relationships between navigational
behaviars and solved problems. Each plotted dot in this scatter diagram represented
one student's navigational behaviours versus solved problems. As shown in Figure 5.4,

it seemed that the data somewhat followed a linear path. Thus, the question was whether
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thee was a correlation between navigational behaviours and solved problems?
Presumably positive because as the navigational behaviours increased, the number of
VROYLQJ SUREOHPV LQFUHDVHG 3HDUVRQTV U FRUUH
between thenavigational behaviours and solved problems to determine whether there

was a positive association between them.

The results revealed that there was a positive moderate linear correlation
between navigational behaviours and solved problems, which wasticadii
significant (r = 0.442, n =52, p = .001). Furthermore, not only did we want to determine
whether there was a positive correlation between navigational behaviours and solved
problems, but we also wanted to use the navigational behaviours to redipt the
number of solving problems. Thus, regression analysis was used to determine how
many problems could be expected to be solved if students incribesedavigational

behaviours.

The linear regression analysis was a mdmeled technique that wan
HIWHQVLRQ RI 3HDUVRQTYY FRUUHODWLRQ 7KHUHIRUL
increases his navigational behaviours, how many problems could expect to be solved?
By performing linear regression analysis, we tried to predict this answer; thus, the
dependent predicted variable was solved problems and the independent predictor

variable was navigational behaviours.
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In the model summary, the R TXDUH UHYHDOHG WKH pJRRGQH
(R2 = 0.321), which determined that the navigational behacould explain
approximately 32% of the variability in solved problems. The regression model (R2 =
321, F [1, 50] = 23.648, p = 0.000) indicated that the variability of solving problems

seemed to increase with increased navigational behaviours.

The regession equation may help us predict future results in order to decipher

the number of solved problems determined by navigational behaviours.

5.1.2Discussion

The power of virtual reality in visualisation is the removal of the need for the
user to construct a m&al 3D image of objects. The 3D models are very useful in
familiarising students with the features of the different shapes and objects and can be
particularly useful in teaching younger students. This 3D technology has brought new
possibilities and chalfeges and explores virtual reality affordances from a new

perspective, depending on which subject matter it is being used for.

The idea of place value and the structure of the number system gain added
importance because they not only strengthened the uadeénrsy of the operations on
numbers, fractions and decimals, but they are also the basis of algebra, which, in turn,

forms the foundation for all higher mathematics (Nataraj and Thomas, 2009).
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When the students fly to examine the b&6eblocks from a biG vV H\H YLHZ
they are experiencing the advantage of forming configuration knowledge directly (i.e.,

to get an overview of the spatial information).

This study examined how virtual reality navigation tasks affect student
performance on the MAVLE system. &lresults revealed that there was a positive
linear relationship between student performance and virtual reality navigation tasks, and
this may be because virtual reality navigational attributes provide richer perceptual
experiences to students. This maHbOLQNHG WR W KHrimatsioniU GQF WK ® Q

virtual reality model for cognitive learningee section 3.1).

5.2 Study 2: The Effectiveness of Virtual Reality Manipulatives on
Student Achievementsn Numeracy Concepts

This study examined the delivery ofdiiion and subtraction content using the
VRM or 3DM for activities on the computer. A comparison was made of théepre
and postest scores among the VRM, 3DM and TCT groups. The goal of this study was
to determine which manipulatives, VRM or 3DM, hadd JUHDWHVW HIIHFW

achievements. The research hypotheses addressed in this study were as follows:

f All groups are predicted to have a significant positive achievable outcome
from pretests to postests in both addition and subtraction.

f TheVRM group is predicted to have a more significant positive achievable
outcome of the podests for both addition and subtraction than the 3DM and
TCT groups.
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5.2.1Results

Our primary goal was to investigate the effectiveness of VRM on student
achievement in numacy conceptsThe hypothesis was thaAll groups are predicted
to have a significant positive achievement outcome from-f@sts to postests in both

addition and subtraction q

Figure 5.5 demonstrates the percentages of mean gain scores for the addition
operation (postest to pretest) for all groups. The VRM group had an average increase
of 44.43% in the pogest, the 3DM group had an average increase of 30.46% in the
posttest and the control group had an average increase of 26% in thiegioSthe
results reveal that the TCT group had the lowest average increase in scores in-the post

test, and the VRM group recorded the highest average score increase in-testpost

Figure 5.5 Percentages of meargain scoredor addition operation
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To analyze the overall change for each group fromtgseto postest (Figure
5.6), the researcher used a paired samyasttwith a confidence level of 0.05. The
VRM group had a mean change of 10.94 with an SD of3/.0he #test showed a
significant difference between the pand postest scores (t = 6.432, p = 0.000). The
3DM group had a mean change of 7.50 with an SD of 6.629.-T#s &nalysis yielded
a significant difference between the paad postest sores (t = 5.060, p = 0.000). The
TCT group had a mean change of 6.12 with an SD of 3.594. -Tést tevealed a

significant difference between prand postest scores (t = 8.067, p = 0.000).

Figure 5.6 Differences between mean scores of the prand posttests for the addition operation

Figure 5.7 demonstrates the percentages of mean gain scores for the subtraction
operation (postest to preest) for all groups. The VRM group had an average increase
in scores of 38.49% in the petstst. The 3DM group had an average increase in scores
of 33.96% in the podest, and the TCT group had an average increase in scores of

27.10% in the podest. The results reveal that the TCT group had the lowest average
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increase in scores in the pdsst, and the VRM group recorded the highest average

increase in score in the pdsst.

Figure 5.7 Percentages of mean gain scores for the subtraction operation

To analyze theerall change for each group from gest to postest (Figure
5.8), the researcher used a paired samysttwith a confidence level of 0.05. The
VRM group had a mean change of 13.59 with an SD of 2.830. -Té&t showed a
significant difference betve: pre and podest scores (t = 19.799, p = 0.000). The
3DM group had a mean change of 11.85 with an SD of 3.703. -tést ftnalysis
yielded a significant difference between pre and-pestscores (t = 14.311, p = 0.000).
The TCT group had a mean changf 9.45 with an SD of 4.480. Theeist revealed a

significant difference between pre and piesit scores (t = 9.899, p = 0.000).

161



Figure 5.8 Differences between mean scores of the prand posttests fa the subtraction operation

The next hypothesis statefhe VRM group was predicted to have a more
significant positive achievable outcome of the ptss$ts for both addition and

subtraction than the 3DM and TCT group§.

The scores of the prand postests for addition were from 28 scores. The VRM
group pretest mean score was 13.82 with an SD of 7.135, and thegsbshean score
was 24.76 with an SD of 1.985. The 3DM group-f@& mean score was 13.35 with an
SD of 6.635, and the pettst was 20.8%with an SD of 3.801. Finally, the TCT group
mean score was 11.95 from the-pgst with an SD of 5.113 and 18.14 from the post

test with an SD of 4.764.
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A oneway ANCOVA and a post hoc analysis (least significant difference [LSD]
method) were performed tovestigate the differences in student achievement outcomes
among secongdrade students using to VRM, 3DM and TCT (the control group)
applications to enhance their understanding of the concept of numeracy addition. The
independent variable was the treatthegroup (VRM, 3DM and TCT), and the
dependent variable consisted of ptesit scores on the numeracy concept for the
addition operation. The pitest scores for the numeracy addition concept were used as

the covariate in this analysis.

Preliminary checksvere conducted to ensure that there was no violation of the
DVVXPSWLRQ RI KRPRJHQHLW\ RI YDULDQFH WKH UHV
0.298, p > .05)indicatedthat no significant difference was fouleétweentreatment
groups (VRM, 3DM and TT). In other words, the basic assumption of homogeneity of

variance was not violated.

A oneway ANCOVA was used to measure and analyze the collected data. After
adjusting the préest scores, there was a significant difference between the three groups
on the posttest scores (F [3, 59] = 142.792, P < 0.01). The effect size, calculated using
partial eta squared, was 0.175, which in Cohen's (1988) terms would be considered a
small effect size. Furthermore, treatment group (F = 1170.723, P < 0.01) was the
significant factor in the postest scores of the addition operation for seegratle
students. The effect size, calculated using partial eta squared, was 0.840, which in
Cohen's (1988) terms would be considered a large effect size. The means, SD, adjusted
means and standard error of the dependent variabletpsisscores by group are shown

in Table 5.3.
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Table 5.3 Means (M), SD, adjusted M and standard error (SE) of the addition postest scores by

group.

Groups M SD Adjusted M? SE
VRM 24.76 1.985 24.546 .850
3DM 20.85 3.801 20.752 .782
TCT 18.14 4,764 18.394 .749

? Evaluatedat covariateappearedn the modelPretest = 12.97

The follow-up posthoc pairwisecomparisons were conducted when the result of
the oneway ANCOVA was found to be statistically significant. In this study, a post hoc
analysis (LSD method) was performext further comparison. It showed that the VRM
group performed significantly better than the 3DM group concerningtesisimean
scores (mean difference = 3.794, p = 0.002) and the TCT group (mean difference =
6.152, p = 0.000). However, the performancehef 3DM group was better than that of

the TCT group (mean difference = 2.358, p = 0.034).

In summary, the podtoc analysis revealed that the VRM group performed
better than the 3DM and TCT groups, and the performance of the 3DM group was

significantly beter than that of the TCT group.

The scores of preand postests for subtraction were from 28 scores. The VRM
group pretest mean score was 11.12 with an SD of 3.998, and thaégsbshean was
24.71 with an SD of 3.177. The 3DM group {pest mean sconeas 9.50 with an SD of
1.987, and the posést mean was 21.35 with an SD of 3.990. Finally, the TCT group
mean score was 9.50 from the qpest with an SD of 3.700 and 18.95 from the gest

with an SD of 4.337.
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A oneway ANCOVA and a post hoc analygisSD method) were performed to
investigate the differences in the numeracy subtraction concept among -geaded
students using the VRM, 3DM and TCT applications. The independent variable was the
treatment group (VRM, 3DM and TCT), and the dependent Marieonsisted of post
test scores for the numeracy subtraction concept. Theegrescores for the numeracy

subtraction concept were used as the covariate in this analysis.

Preliminary checks were conducted to ensure that there was no violation of the
assXPSWLRQ RI KRPRJHQHLW\ RI YDULDQFH DQG WKH Ul
= 0.075, p > .05)indicated that no significant difference was found among the
treatment groups (VRM, 3DM and TCT). In other words, the basic assumption of

homogeneity bvariance was not violated.

A oneway ANCOVA was used to measure and analyze the collected data. After
adjusting the préest scores, there was a significant difference between the three groups
on the postests scores (F [3, 59] = 14.578, P < 0.01). @thect size, calculated using
partial eta squared, was 0.210, which in Cohen's (1988) terms would be considered a
small effect size. Furthermore, treatment group (F = 41.388, P < 0.01) was the
significant factor in the podest scores for the subtractioperation for secondrade
students. The effect size, calculated using partial eta squared, was 0.693, which in
Cohen's (1988) terms would be considered a large effect size. The means, SD, adjusted
means and standard error of the dependent variabléggbstores by group are shown

in Table 5.4.
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Table 5.4 Means (M), SD, adjusted M and standard error (SE) of the subtraction postest scores by

group.
Groups M SD Adjusted M? SE
VRM 24.71 3.177 24.085 .868
3DM 21.35 3.990 21.601 .788
TCT 18.95 4.337 19.206 .753

2 Evaluaked at covariatappearedn the model Pretest =9.97

The follow-up posthoc pairwisecomparisons were conducted when the result of
the oneway ANCOVA was found to be statistically significant. In this study, a post hoc
analysis (LSD method) was performied further comparison. It showed that the VRM
group performed significantly better than the 3DM group concerning thegsisnean
scores (mean difference = 2.483, p = 0.040) and better than the control group (mean
difference = 4.879, p = 0.000). Howeyéhe performance of the 3DM group was better

than that of the control group (mean difference = 2.395, p = 0.032).

In summary, poshoc analysis revealed that the VRM group performed better
than the 3DM and control groups, and the performance of the 3Bdpgwas

significantly better than that of the control group.

5.2.2Discussion

An analysis of the relationships between the use of the VRM, 3DM and TCT
numeracy learning achievement applications presented in Table 5.3 shows the result of
applying the ANOVA to eamine whether there was a significant difference between
the pretest and postest scores of the three groups. Before the experiment, thegpre
scores of the three groups showed no significant difference, which further showed no

significant differenceLQ WKH VWXGHQWVY SUHYLRXV NQRZOHG
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experiment, the pogest scores reached a statistically significant difference among the
three groups: students in the VRM experimental group attained greater improvement on
numeracy learning chievements. Consequently, the result implies that the MAVLE

FRXOG HQKDQFH VWXGHQWVYT QXPHUDF\ OHDUQLQJ

Based on the results dfiis study, we conclude that working wiBbM may
increase the cognitive load on children, forcing them to mentally reconstei@D
shape of bas&0 blocks. In contrast, using the VRM as the cognitive tool may improve

WKH WHDFKLQJ DQG OHDUQLQJ SURFHVV DQG HQKDQFF

It has been claimed that the use of a 2D and 3D manipulatives not only increases
student achievement, but also allows them to improve their conceptual understanding
and problem solving skills (Lamberty and Janet, 2002, 2004; Herrere, 2003; Reimer and
Moyer, 2005; Suh et al., 2005; Lyon, 2006; Steen et al., 2006; Brown, 2007; Suh and

Moyer, 2007; Yuan, 2009; Manches et al., 2010; Duffin, 2010).

This study also suggests that the use of a virtual reality manipulatives could
promote a more positive attitude towards mathematics in students. In short, the
outcomes of this work prove the fdaifity and appropriateness of considering the
virtual realitymanipulatives aa cognitive tool and discussing how they can be used in
FODVVURRPVY WR VXSSRUW VWXGHQWVYTY FRQFHSWXD(
Virtual reality manipulatves maybe themost appropriate mathematics tool for the next
generation. In conclusion, this research proposes a feasible virtual reality cognitive
learning model that can be used to guide the design of other virtual reality learning

environments.
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Addition and subtraain errors could be caused by a lack of understanding of
the basic place&alue concept of regrouping, as seen in Problems 1 and 2 in Figure 5.9.
Conversely, student errors could also be attributed to students misunderstanding the

algorithm itself, as noteith Figure 5.9:

f Student 1:The student does not have an understanding of regrouping
because she is treating each column as a separate problem.

f Student2.7KH VWXGHQW LV ZULWLQJ WKH TV DQG
LQVWHDG RI IURPMN.LQ WKH TV FROX

f Student 3:7KLV VWXGHQW LV DEOH WR UHJURXS I1U
FKDQJH WKH v GLILW

Figure 5.9 Samples ofstudents's errors in addition operation
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CHAPTER 6 Discussion and Conclusions

Manipulatives are tools used for teaching basic math concepts in early
elementary school grades. The practice of using manipulatives at this level was guided
by the cognitive development theories of Piaget and Bruner. Afterwards, Dienes used
their theories to develop dibasel0 block manipulatives, which are used to teach the
numeration bas@€0 number system. Despite the validity of b&8eblocks, Goldin and
Kaput (1996) stated that there was a lack of linking between the cognitive
representation of physical manipulegs with symbolic representations, resulting in

limited serial translation of action.

To overcome this problem and to meet the recommendations of math educators
who support using computer technology, virtual manipulatives emerged as a solution to
fulfil these requirements. In order to examine the effectiveness of the virtual
manipulatives on student conceptual understanding, many studies were conducted that
compared virtual manipulatives with physical manipulatives. Some studies concluded
that virtual maniplatives were more effective, whereas others concluded that physical
manipulatives were more effective. Still, other studies recommended using both
physical and virtual manipulatives (Reimer and Moyer, 2005; Moyer et. al., 2005; Suh

and Moyer, 2007).

Howewer, some studies evaluated the effectiveness of using virtual
PDQLSXODWLYHYV IURP WKH WHDFKHUVY SHUVSHFWLY!

virtual manipulatives depends on their design and how realistic the representation is
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compared with physicananipulatives. Whenevex designis mentioned, a reference
PXVW EH PDGH WR OD\HUfV SULQFLSOHV RI PXOWLPI
derived and tested based on his model of cognitive theory of multimedia learning. This
theory was based on three @sptions (previously referred to Chapter 2): the dual
channel assumption (visual and auditory), the limidadacity assumption of the
working memory and the active processes assumption (selecting, organising and

integrating).

Mayer, after many studies, rduded that the best way to design multimedia
instruction was through visual animation and voice narration, which uses the advantage
of both verbal and visual dual channels without overloading one over the other in the
WM. As such, it was recognised thdayer restricted the cognitive learning process to

two modalities, auditory and visual, without any reference to the tactile modality.

In reference to the human information processing model, we distinguished the
cognitive processor component from the magboocessor component. The cognitive
processor component is activated through sensory stimuli (eyes and ears), whereas the
motor processor component is activated through hand movements in response to the
cognitive processor component. The motor processmpoaent performed by hand
movements is recognised as an input tactile modality in the computer through devices
such as a keyboard, mouse, joystick, touch screens and wands. This motor processor is a
vital component in the learning cognitive process, agogrtb the human information

processing theory.
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7KH H[FOXVLRQ RI WKH WDFWLOH PRGDOLW\ LQ OC
the importance of this modality puts the student in a passive position while learning,
and, thus, they have no interactive rol¢ha learning process. Furthermore, the learner
is restricted only attaining knowledge from the presented multimedia learning
environment. Considering these issues, this research proposed a model, derived from
OD\HUYV PRGHO RI FRJQLW & Y¥annwgKwhire theRdctheXnbdlity? H G L
was added to the other two modalities because of its essential role in the learning
cognitive process, as suggested by the human information processing theory. The
SURSRVHG GHVLJQ IUDPHZRUN Lality gnDdelHf@ dognitive KH  p

OHDUQLQJTY

6.1 Discussion

This chapter summarises the contributions made by this research to the field of
virtual reality technology and its applications, specifically in the area of elementary
mathematics. This research draws attanto the application of virtual reality systems

based on a cognitive learning model.

This research explored the potential role of desktop virtual reality technology as
a cognitive tool in the design and development of the MAVLE system, which embodies
VRM for young children to use when th@yacticeexercises for numeracy concepts
(addition and subtraction). The researcher built and tested the MAVLE protatype,
which two software languages (Java 3D and VRML) were tested to investigate which
would be mostompatible with the MAVLE system. Although the Java 3D and VRML
languages are generally used for the development of 3D graphics, Java 3D is a more

exclusive tool for creating customised 3D graphical applications.
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The results emerging from the study arespraged in the previous chapter and

signify the research directed by the following hypotheses:

f The VRM group is predicted to have a significant positive performance
outcome (i.e., regarding the number saflving problems for addition and
subtraction) tharhibse in the 3DM group.

f The number of errors in the plagalue concept is predicted to be
significantly different between the VRM and 3DM groups.

f The number of errors in the regrouping concept is predicted to be
significantly different between the VRM a@®M groups.

f The number of errors in the concept of regrouping positively correlates with
the number of errors in the concept of place value.

f In the VRM group, a greater number siflving problems correlates with a
high level of virtual reality navigatiobehavior

f All groups are predicted to have a significant positichievableoutcome
from pretests to postests in both addition and subtraction.

f The VRM group is predicted to have a more significant posétigevable
outcomeof the posttests for botladdition and subtraction than the 3DM and

TCT groups.

This research aimed to systematically explore the feasibility of completing the
process of designing, implementing and evaluating a virtual reality learning
environment for use as a cognitive tool frahe initial conception to evaluation and

classroom application. The stapghis research were as follows:

An interactive multimedia learning modehs developetbased on the learning
cognitive model presented by Mayer (2002) and modified to includenteeaction

tasks of selection and manipulation.

172



The proposed design framework was named the virtual reality model for
cognitive learningFigure 3.3)based on the interactive multimedia model for cognitive
learning (Figure 2.3) The latter modelimproved upon to include virtual reality
navigational tasks (travel and wayfinding), providing a third chanin@mérsion)to
address the immersive nature ftual reality systems within the working memory.
Based on this model, the researcher designed, developetested an application to
conceptually and virtually represent the ba®eblock manipulatives for addition and

subtraction used in a traditional classroom setting.

Study 1 was conducted to compare the performance of two groups of second
grade studentssing either the VRM or the 3DM. Each student was observed while
solving problems generated by the application, and their interactions were recorded by a
screercapture applicatiorStudy 2 was conducted to compare the performance of three
groups of secondrade students using the VRM, the 3DM or TCT. The latter group was
designated as the control group. Each student in the three groups was givdass pre
the appropriate treatment and then a {pest The classroom and computer lab settings

forStudy2wWHUH EDVHG RQ WKH /DXULOODUGTV FRQYH

The results of Study 1 show statistically significant differences in the number of
numeracy problems solved between the groups of second grade students. The VRM
group solved more problems théme 3DM group. In addition, the numberaainceptual
errors among the 3DM group was higher, whereas there was no statistically significant
difference in the placealue error between the two groups. Yet, further analysis showed
that the large number of ers in the 3DM has a high correlation with the carry and

ERUURZ FRQFHSWYV ZKLFK FRXOG EH DWWULEXWHG WF
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placevalue concept. Analysing the linear regression of the navigation of the VRM
revealed that they had sifioant moderate correlations with the number of solved

exercises.

The results of Study 2 show that among the three groups, there was a statistically
significant difference between the gest and the podest scores. This difference was
expected and codleasily be attributed to knowledge gain because the addition and the
subtraction lessons were explained to all groups using the VRM, the 3DM and TCT.
The results of Study 2 also show that among the three groups, there was statistically
significant differeice between the VRM and 3DM and between the 3DM and TCT.
Students using the VRM performed better than students in the 3DM and the control

group, whereas students using the 3DM performed better than students in the control

group.

In attempting to answer thresearch hypotheses positively, it can be concluded
WKDW WKH QDYLJDWLRQ IHDWXUH RI WKH YLUWXDO U
conceptual understanding of numeracy concepts. It must be noted, however, that this
virtual reality navigation fature is an additional feature to the regular pamdclick
navigation of the 3D graphics, which is considered the interaction task of the interactive
multimedia learning model. Whereas the navigation features of virtual reality are the
navigation tasksof the proposed design framework for virtual reality model for
cognitive learning (Figure 3)3that contributed in forming the third channel
fmmersionf WKDW SURYLGHV WKH XVHU WKH IHHOLQJ RI ¢

reality learning system.
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The immersive dimension of the virtual reality model of cognitive learning
could help students reduce cognitive overload on the working memory by immediately
seeing abstract concepts that they used to have to make an effort to try to mentally

visualise.

The sgnificance of this research offers ground for further investigations into the
value of virtual reality systems in the already webkearched area of comparing the
positive effects of incorporating 3D applications within the learning process. In
addition,virtual reality has not been established as a learning tool to simulate situations
where the objects are hard to reach or are dangerous, such as in the fields of astronomy,
chemistry, biology and flight training. This research has shown that virtuatyresali

becoming a practical cognitive tool for visualising abstract concepts in young learners.

6.2 Contribution

The contribution to knowledge is our attempt to disseminate the virtual reality
learning process from design to classroom application. The resegrotted in this

thesis resulted in novel contributions, which are as follows:

f The cognitive theory of multimedia learning was extended to an interactive
multimedia model for cognitive learning and a virtual reality model for
cognitive learning.

f The protoyping and implementation of a practical desktop virtual reality
manipulatives application (MAVLE) for facilitating the teaching and
learning processes of numeracy concepts (integer addition and subtraction)

was proposed.
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f The evaluation of conceptual undeWDQGLQJ RI VWXGHQWYVY D
the relationships among the navigational behaviours of desktop virtual
UHDOLW\ ZHUH H[DPLQHG DQG WKHLU LPSDFWYV

were noted.

6.3 Limitations

It is emphatically stressed that the resultsrirthis research took place within
the constraints of a real school setting of four private schools in westgral Jeddah,

Saudi Arabia. Theseonstraintavere caused by the following factors:

f The Saudi educational system is strictly segregated, amehbecause the
researcher is female, she was only permitted to conduct this research within
the constraints of female educational institutions.

f Computer labs were only available in private primary schools because

computer lessons are compulsoryheir curriculum.

6.4 Future Work

Further development of the MAVLE would incorporate a vaieeordingto

highlight the invalid operations. The MAVLE could be further developed with
interactive voice recognition to ensure that the student articulates the actugbtooinc
WKH H[HUFLVH )RU LQVWDQFH WKH QXPEHU ZRXOG

V DQG 1 Viterd@tlom ®f theHhumber confirms the actual understanding of the
placevalue concept. Perhaps an introduction of an automatic asseswaligént
tutoring system) is needed. The automatic assessor would evaluate the exercises while
the student was completing them by counting the amount of times certain operations

and navigational tools were used to derive the correct answer. The autags&ssor
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could count the amount of correct answers achieved and then recommend other

exercises according to the learning needs of the student.

The MAVLE could also be further developed to work with an assortment of
hardware, such as a touch screen or jolysempowering users to use the MAVLE who
have difficulties using a mouse. For a multipker experience, the MAVLE could be
integrated with other systems, such as the Nintendo Wii, and this would enable multiple
users to work with each other to solvemmaomplex exercises that would be displayed

on split screens.

This research provides a direction for further studies because it is evident that
virtual reality systems motivate students; however, more research is required to
determine how to design desfptuirtual reality systems for the greatest positive impact
on student achievement. Finally, the researcher informally observed the joy of the
students interacting with the MAVLE, and this reaction should be further studied

because math has historically besssociated with anxiety for many young students.
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Appendix A: Evaluating Virtual Manipulatives

A list of possible evaluation questions to determine the effectiverfassing

virtual manipulatives in their classrooms.

Category

Manipulative Characteristic

Yes

No

N/A

Ease of Use
Presentation

Is the manipulative easy to use?

Are the directions easy to find?

Are the directions clear?

Are the manipulativesieresting?

Are there distractions on the page (e.g. ads, unrela
images or sounds)

Motivation

Is there something that provides motivation for the
user?

Is the activity engaging?

Support for
Problem
Solving

Does the manipulative helpedluser construct
knowledge of a concept (rather than drill and
practice)?

Does it allow for users to experiment?

Is there any reward for using the manipulative in a
meaningful way rather than using it to just guess at
answer?

Is feedbak provided? If so, is the feedback

meaningful?
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Appendix B: Letter of Informed Consent-Parent

Letter of Informed ConsefRarent

This study is being conducted to investigate the use of computerized
instructional strategies that can be used in mathenm@déssrooms, specifically the use
of virtual manipulatives. Your child will be asked to participate in three days of
instruction learning about addition and subtraction concepts. This research will add to
the literature and findings on how to effectivelgeuvirtual manipulatives to help

students build conceptual understanding of mathematics. There are no foreseeable risks.

All data collected in this study will be confidential; all persdentifiable data
will be coded so that your child cannot be ideadfiYour participation is voluntary and

you may withdraw from the study at any time and for any reason.

This research is being conducted by Lamya Daghestani (She may be reached at
0556136132), Doctoral Candidate at University of Huddersfield in collabaratith
King Abdulaziz University under the direction of Dr. Robert D. Ward at University of
Huddersfield and Dr. Hana Mluaim at King Abdulaziz University. You may contact
the King Abdulaziz University Office of Sponsored Programs at6@& 2937) if you

have any questions or comments regarding your rights as a participant in the research.

Consent
| have read this form and give permission for my child to participate in this study.
SDUHQWTYTY 6LIJIQDWXUH BBBBBBBBBBBBBBBBBBBBBBBBE

&KLOGTV QDPH_BBBBBBBBB
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Appendix C: Letter of Student Assent

Letter of Student Assent

Hi. This is Mrs. Lamya from King Abdulaziz University. | am doing a study to
find better ways to help students learn math using tools called virtual manipulatives. For
three days, you will exercises addition and subtraction within computer lab. This will
not be part of your grade but you will help me learn how children learn math. | will
record every lab session you work on computer so that | can learn more about the way
students learn but your name will not show up in any of my work. If you do not want to

be in this study, you can let me know at any time for any reason.

Your Schoolsheadmistresand your math teacher have given me permission to
do this study in your classlook forward to working with you on this study and thank

you for your help.

Student Assent:
| have read this form and | would like to be in the study.
6WXGHQWY{Y QDPH BBBBBBBBBBBBBBBBBBBBBBBBBBB

6WXGHQWYIYVY 6LIQDWXUH BBBBBBBBBBBBBBBBBBBBBBB
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Appendix D: Addition Pr and Post-testfor the Second Grade

English version
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Arabic version
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Appendix E: Subtraction Pr and Posttestfor the Second Grade

English version

197



Arabic version
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