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Executive summary

YY26y Fa GKS G SENYAYy3I Ay Cdzi dieBearéh&simdlloyi A 2y ¢ 2 N
ProfessorDr Anne Bamford, Director of the International Researclkeay and Director of

Educationdzy RS NIi 2 2 | I RSGFAET SR NBaSINOK Ay@SaidaAaal i
learning The goal of the LIFE 1 project was to determine the most effective type of 3D
experiences and to measure the value and impact of these experiences on pupil learning and
achievement. The pilot research also examined learning strategies and teachingsgoces

and measured the meaningful impact on educational outcomes.

The research tok place between October 2010 amdiay 2011 across seven countriés
Europe. The study focused on pupils between the ages ef31@ears learning science
related content.

The research project involved 740 students, 47 teachers and 15 schools across France,
Germany, ltaly, Netherlands, Turkey, United Kingdom and Sweden and took place October
2010¢ May 2011. Equality of access is the law in Europe so the schools includedrchildre
from different backgrounds and with learning behavioralchallenges integrated into the
general classes. The 15 schools in the study were selected on the basis of direct contact as
well as from recommendations by local education authorities. All sshealuntarily agreed

to participate. The study involved: private and public schools; single sex schools; city schools
and rural schools; high and low academic achieving schiealsnologyrich and technology

poor schools; large schools and small schgmignary, middle and secondarchools; and
experienced and lessxperienced teachers.

Results were gathered on how pupils understood the concepts being presented and the
differences noted between 2D and 3D presentation. The research also examined ¢fassroo

pedagogy and the way teachers worked with the 3D technolBggearchers collected both

guantitative and qualitative data based on multiple interactions witbach classroom. For

the quantitative portion, pupils were tested before and after the lesséns 1 K | & O2 y (I NB €
group laarning in 2D only and the oth@roup receiving the same instruction plus 3Bupils

were also tested on their ability to retain and reinterpret the information through an epen

ended task.

Researchergollected observational datan the engagement level of students. Records
were made in relation tocommunication (e.g. how manypupils were talking, asking or
answering questionshttention (how manypupilswere watching and not distracted), and
behavior (how manypupilswere disruping others or off task).

The results of the study showed consistent reporting of improved test scGnesaverage,
86%o0f pupils improved from the pretest to the posttest in the 3Dclasses, compared to
52%who improved in the 2D classdadividualsimproved test scores on average 17
the 3D classescompared to an 8%mprovement in the 2D classes between fest and
posttest.

! Eightcountries were included in the trial, including Finland, but Finland has been excluded from the research
report as their data was collected internally and therefore not verifiable for inclusion in the research report.
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There were alsobehavioral and communication changes and improved classroom

interaction. For exampl@2% of pupilon aveage were attentive during the 3D part of the

lessonwhile only 46%vere actively paying attention durirthe non-3D part of the lessons.

¢ KS NI &g 32110 WRW OSNBEFGAZ2Y YR ljdzSadAizya FNRBY LJ
the lesson. Pupils were dgiily motivated and keen to learn through a 3D approathe

teachers found that the use of the DLP 3D techndlégg R @2 | RSSLISyAiy3a 2
understanding, increased attention spans, more motivation and engagement.

The pupils in the 3D class were moikely to recall detaibnd sequence of processes in
recall testing than the 2D group. The 3D pupils were also more likely to perform better in
openended andnodelingtasks.

Teachers within the LiFE project found it easy to integrate 3D technology inioréggilar
lessons with six out of the 15 schools also modifying teaching and learning pedagogy in
response to the introduction of 3D. Teachers felt that 3D animations allowed them to teach
topics in more depth and less time than conventional teaching wdsh The teachers and
pupils proposed ways that 3D could be successfully integrated across the curriculum.

Parents indicated strong support for the introduction of 3D into the classroom. There was
acknowledgement that 3D offered enormous potential to enbarnpupils learning and
retention and that it should be available at home as well as at school.

While the overall results of this initial research study indicate strong evidence of a positive

AYLI OG0 2y o5 FYAYF{dA2ya 2y LlzLAfaQ € SENYyAy3 Ly
needed on reported health experiences on first use and on the desmigihusability of the

interactive glasses. As with all new technologydels of innovative pedagogy and learning

examples are also needed to continue to reflect on its effectiveness on learning now and

into the future. The report draws attention to key @exts of 3D technology and makes
recommendations for the future integration of 3D into learning.

2 Digital Light Processing (DLiB)atrademarkowned byTexas InstrumentdDLP 3D is a form of interactive 3D
based on digital light pr§ QG A2y ® ! yEA1S 2GKSNJ F2N¥ya 2F o5 Al Syl
directly in front of the childThesinglechip version of DLB used in modern colar digital projectors with the

two technologies being used in over 95% of the projectaugently sold DLP ighe form of 3Dused indigital
cinemaprojectiors.

fSa |

(@]
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Chapter 1: Background to the study
1.1 Introduction

LIFEA & 'y I ONR y elvarn@ginRyfurRe By d2O I¥ @IRE $fidsche first phase of

an ongoing research process and evaluatetthe implementation of 3D projection
technology in seveluropean cantries. The project involved 15 classes testing &l 15,

H5 WO2YGNRE Q Of I &aS aThéreOn 74D pupiks, 317 t@aBhérS ghd 052 dzy G NR ¢
schoot directlyand indirectlyinvolved in the 3D pilofThere were six IT coordinators and 12
researchers, including two doctoral students across the various courasigisting with the
research The project began in October 2010 and was completed in 204y, with interim
findings and presentationn January 201land final reporting in June 201The LIFE 1
project was conducted with pupils aged between-I® years of age and focused on the
science curriculum area, in particular, a theme of work arohd body and the sens&3
Most schools conducted theroject for 68 weeks and had threkessons per week, though
this pattern varied to meet the needs and restrictions within each school and school system.

1.2 Aim

The goal of the LiFE 1 project was &tatmine the most effective type of 3D experiendas
the classroomand to measurethe valueand impact of these experiences pnpil learning
and achievementThe research also examinelg@arning strategies ah teaching processes
and measured themeaningfu impactof 3Don educational outcomes/ithin this broadly
stated goal, the research aimed specifically to:

1. Gonduct an empirical review and evaluation of eight weeks of implementation of the
use of 3D projection technology known as BilgiLight Processm (DLP) in 15
classrooms.

2. To identify, document andnalyzecase studies of the use of DLP in twassks
(pupils aged between 103 years) in each of the following European countries:
England, Germany, France, Italy, Finland, The Netherl@vdsderand Turkey.

3. To formulate a set of quality examples and recommendations of strategies to
strengthen the use of DLP in the classroom

4. To adiise the key political decisiamakers in each of the participating countries of
the use of DLP in innovative education

5. Todevelop a set of best practice indicators that can be used internationally as part
of the future application of DLP.

1.3 Method

The sample schools were chosen based on targeted sampling, with the aim of including a
range of possible school types. Withimetsample schools there were private, sqmrivate

and public schools; single sex schooity, schools and rural schools; high and low academic
achieving schools; technologich and technology poor schools; large schools and small
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schools; primarymiddle and secondary schooland, experienced and legxperienced
teachers Some schools were selected on the basis of direct contact while others were
recommended by local education authorities. All schools volunteered to participate and
were free towithdraw from the project at any point. Two of the initial schools did not
complete the full research program.

European law requiresqgaiality of accessor all children,so the schools included children
from different backgrands and with learning or behawal challenges integrated into the
general classesln half of the research countries involved, permission to camdthe
research was granted fro the Ministry of Educatichwith the ministries taking a keen
interest in the results and impact of the pegft. In these instances, thKlinistry (and
sometmes local education departmenthave sought a copy of the report and detailsiod
impact of 3D. The general opinion was verfavorable to the research praising its
independence and cooperation between different technology companies to support
classroom researchln all but one country, all the pilot tests were undertaken in 'normal
classroom' situation. In one country a specikperimental classroo@was used tha
enabled detailed recording of the children's responses.

Ly SIFEOK &a0K22f GKSNB 41a | wYwOo2yiNREQ Oflaa |
instruction but the 3D class also h#tk 3D resources. The content wake same for each

class and altlasseshad contentbased on science specificallythe senses and the bodys

conducting educational research requires a naturalistic setting, all schools were free to

organize learning in their usual manner aadhering totheir required curriculum as long as

both the 2D and 3D classes followed the same content and had the same instruction

methods, except for the inclusion of the 3D. In some cases, the same teacher taught the 2D

YR 05 fSaaz2ya FyR Ay 20GKSNJ OF aSmeahoMtheS YQ 27
pilot classes, the pupils did not use 3Dewery lesson, but rather 3D was inserted where

relevant into the lessons where it was deemed applicable. For exampleirkey they had

on average five science lessons per week and generally 3Disedsin some way in 2.5 of

these lessons. It was also recommended that the 3D should only be used for about 15

minutes in each lesson. The longest example observed used 3D for 26 minutes and the

shortest for 4 minutes. The average length of use of 3D Wawmihutes per lesson observed.

la 2yS GSIFOKSNJ Ay G(GKS 9y 3fdAdyK (LIA f(2KiS & CBKazE22fy Xa lall
AYVFAYAUS RAFFSNBYOS IyR (KSy 32Sa 6101 F3lLAyo

Pupils and teachers completeohline pre- and postresearch surveysln some schools,
completing the survey was compulsory, and in other classes it was optional (depending on
school policy). The first survey was completed by both the 2D and the 3D classes, while the
second survey was completaghly by the 3D classesThe survey was available in all the
participating languagesThe survey questions were translated by research participants or
coordinators in each country to ensure accuracy and appropriateness.

Both 2D and 3D classes were {pested andposttested. Each school arranged their own
pre- and posttest and the same test or task was administered before and after the project.

% Or the relevant nominated local authority.
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Results were not compared across schools, but rather each individual pupil was cdmpare
against their own preest performance to determine the extent and nature of changes that
occurred. An openendedrecall exercise (task) was also administered after four weEHhis.
task asked pupils to recall anything they remembered about what they had learnt in the
unit. Teachers reprted qualitative and quantitative changes they noticed.
We used a multiple choice ptest for both the 2D class and the 3D class. We are
doing a unit on the five senses. It fits very well with our curriculum. Each week we
KIS Xo [Saazy GAYS FyR Al Aa dzadz £ F2N dza
on srrell, one week on hearing and so on. The eye and the ear usually take the
longest for the children to understand. The pupils are age 13.

In one school, the preand post tests were done uag the SMART electronic questionnaire.

Conducting the pilot as part of the regular dmyday business proved to be quite a logistical
challenge. Firstly, each country involved had differing levels of regulation regarding
conducting research in the classroom. For example, in Finland it wasossible at all for
external, independent researchers to enter the classrooms. This restriction meant that the
Finnish example had to be treated as a 'one off' case study and the data excluded from the
general comparisons made.

In each country, two or tlee schools were a part of thesearchand in each school there
were at leasttwo participatingclasses. While you would expect that this would give some
consistency, at least within the country, this was not the case. Increasingly in Europe,
schools are becoming quite autonomous, especially those schools operating in the private
sector. In each sdol, there were timetable issues and the difficulties of fitting the demands
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of the research around these constraints. The issue of 'timing' was exacerbated in schools
with a fixed projector as not onlyasthe class timetablguggled but also room bookirand
movement of pupils had to be factored in.

While initially the intention was that the age of pupils in the pilot would bel20years,
slightly older pupils (up to 14) were includedtheir ages matched the contemtvailable in
terms of demands of th curriculum. This did not affect the validity of the data collected as
each participating sample group were pend posttested, andthuslike was compared with
like.

Additionally, there was an ethical challenge, in that in each school, one classdetdmm
content using 3D while the other class learned the same content but did not have the 3D.
Given the nature of the school playground, pupils in the 3D class would tell the other pupils
and over time demand became strong from the pupils 'missing autalso get the 3D
experience. In many caséhe schoot allowed this to happen following the end of the
official 68 weeks of the pilot phase. This meant that in some instances, pupils in the 'non 3D
group' were also exposed 3D after thesearch period. Ais impactedupon the veracity of

the results in the testing of retention that followed one month after the conclusion of the
research phase.

The teachers were generally very enthusiastic and positive to participate in the research
project as the followingommentfrom a teachersuggess:
| was a bit afraid. | have dnbeen teaching for fouyears. | felt a bit nervous. |
thought, be careful and | can do this. | told my father that | am trying 3D as a teacher
and he was very interested and excited for més a wonderful opportunity doing
this pilot. He was saying, whdon't you go to London and to Paris! Everyone has
been supporting me in this pilot anddalizedl could do it. | like the project and that
is important. | think the project will be imparit for the future of education. | want
to do my best in the project. | am not a clogathded person. | am open and flexible.
Flexibility is important. The principal told me | was coming to England to talk about
the project. | jumped and screamed. | wasegcited. It is my first time to England!

The survey results also indicate that the pupils were generally very happy to be part of the
research process with only 3% of pupils not liking being part of the research process (see
Figure 1.3.1).

Figure 1.3.10 OPEI 08 AOOEOOAA O1 OAOAAOAEAOO AT A OEOEC

= Very good (53)

= Good (52)

= Nefther good nor bad (10}
Bad (2)

« Vary bad (1)
Don't know {(2)
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More generally, 88% of pupils felt that the 3D project was good or very good with only a %
dissatisfaction result 3% (see Figure 1.3.2).

&ECOOA uv8x8¢ 4EA x$ DOI EAAO xAOS8

= Very good (59)

» Good (47)

» Neither good nor bad (8)
Bad (1)

» Very bad (2)
Don’t know (3)

49%

Two observationaVisits were competed with each cladsuring the visits, 3D classes were

observed and pncipals, parents, teachers and pupils were interview@&lring the

observations, interval trackifigg & dza SR (G2 RSGSNXYAYyS LI GG§SNya
communicaton and attention.The researk SNJ | R2 LJASR T WT¥fanddd GKS 41
not interfere in the lessons. During the visits, were permissible, photographs and video

images were gathered.

The process of gathering permissions for the research was coordinated by the researcher
but the responsibility for ethical assurance rested with each school as each school has
specific policies and procedures in place to cover research and sharing pen®sis&s an
added precaution, the draft repomwassent to each school for them to check ttalt images

and text included did not breach any privacy or data protocols within each school or system.
While all parents were happy for their children to use 812, some parents were not happy

for their children to be filmed and so these children watched the lesson from an adjoining
room. Interestingly, after the first lesson, the motivation of these children to join the lesson
was so strong that many of them cdneed their parent to let them join the remainder of

the lessons.

The research process followed four clear stages:

Stage oneSmall scale préestingin two schools in the United Kingdom commenced in April
2010 and concluded June 2010. In April 2010, first set of the DLP/3D &as provided to

two schoolsin England. By May 2010, pupils in Year 8 science (12 years of age) began two
modules using the 3D technology. The first was on the eye and the second on the ear. At the

* Interval tracking is a research methodology where specific observatiomaade ina systematic way every five
minutes across the duration of the lesson. In this case, records were made in relation to communication (e.qg.
how many children were talking, asking or answering questions), attention (how many children were watching
and not dstracted), and behavior (how many children were disrupting others or off task). These fmatteen of

the flow of a lesson and can be used to map the impact of the 3D on classroom interactions.
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end of the unit, the same test wgaapplied to assess the understanding of the pupils.

/| 2y OdzNNBy tez avlftft WOt lraaQ 0Sada 6SNBE I RYAYA
going understanding. At the completion of the unit, interviews were conducted with

teachers to determine any inél responses to the technolog@nd to pretest the research

methodology. While it is always hard to separate learning outcomes from the
experimentation phase, the primary aim of the gest was to assure that the technology

and software was suitable farse in the full pilot.

Stage two:Selection of school$o be involved in the full pilot. The scope of the study was
limited to a sample of schools in Engla®iyeden Italy, France, Germany, The Netherland
and Turkey. In each country there were two three schools with twoor more classes in

each school. The focus was upils between the ages of 1B years of age. Schools were
selected on the basis of interest to be involyemlitable technical expertisend accessible
geographic location within each country. The schools were chosen broadly to be reflective of
various types of schools and with pupils of differing ability levels.

England, France and The Netherlands started in November 2010, with the ambetries
commencing at the beginning of the 2011, in January. Each school received a laptop
(preloaded with3D W. 2 Ré Q @62@0ipSiss (oo 3D glasses, and a DLP projector.
Technical representatives from tharious partnercompanies assisted witthé delivery and
installation ofthe equipment and provided brief instructions to the teachers involved in the
pilot. Sweden and Germany were the last counti@$oin and started research in February
2011.

Stage three: Théive phaseof the research commared as soon as the equipment was in
the school. Teachers and pupils (and parents) completed research permissions and a pre
pilot survey. Children were ptiested on their understanding of content. Schools were free

to choose the particular focus of themiestigations from theavailable pre-loadedcontent.

Each schodleceived two or three research visits during the course of the unit. Regular email
contact was also made between the researcher and the teachers involved. A local area
coordinator also plagd an important role in mediatinghe process and translating key
aspects of the research. The live phase of the research ran for eight weeks. The amount of
time dedicated by each school to the experiment varied depending on the context in each
school and he available time to commit to the project. As is generally true of educational
action research, it is not possible to control all variables as the experimentation must be
conducted in a naturalistic class setting and it is not valid to intervene tootljineithin this
setting. The research did not impose specific instrunelanethodsor content sequences.
Similarly, while various pupil preand posttests were suggested and provided, as
assessment is generally a schbaked matter, teachers were alsmcouraged to choose

their own methods and to be active in constructing a suitable research method that was
appropriate to their class. Additionallgpmeteachers were provided with 3D enabled video
cameras and encouraged to keep a visual record of legrand a written or email journal

(blog).
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During the live phase the research used a range of methodologies including:
1 Document and media analysis

Survey and data tracking of baseline data

Interviews

School visits

Focus groups

Observations

Provisions for electronic submissions

=A =4 =4 =4 =4 =4

Research was conducted in line with European research protocols involving research with
children, including the highest level of child protection. All data was subject to European
data protection laws. All participants in the research gave permissionricipate and for
recording and presenting of research findings. Participants were free to choose to withdraw
from the research at any point.

Stage four: The analysis _and reporting phaseoccurred throughout the research
implementation. Both quantitativeand qualitative methods were used. The data was
analyzedaccording to statistical and thematic frameworks. Themes were derived from
international quality indicators and inductively from the data collected. The detailed
evidencebased empirical review anchalysis lead to:

1. The production of this published report in English

2. A succinct executive summary

3. A clear and concise list of recommendations

nd ! Wdzof A0Q atetsS O02yaSyid LINBaSydaladazy
5. Participation in pubc and media discussions and in meeting with senior educational
decision makers

Throughout the research there were regular interim reports, both verbal and written to all
the participants in the research and the broader stakeholder community.
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Chapter 2: Making it happen

2.1 The technology

U The technology was easily adapted into the classroom and teachers did not need
any specific training or professional development to be able to use 3D in their
teaching.

The package of technology provided to the p#ohools wa easy to uséor the participating
teachers and requiredo particulartechnicalknowledge. Inorder to undertake 3D learning
in the classroom, schools nesdi

1. ADLP 3D enabled projector

Schools found that it was possible to implement 3D leagniith only one DLP projector per

school. Many projectors are already 3D capable and future purchases of DLP projectors are

generally no more expenge than those that are not 3D capable. DLP projectors are capable

of working successfully with existing €léi N2 y A @ WARKA NHo2+F NRaA 2NJ 2GKSN
also worked just as welthen projected onto a wall, or ione case even projected onto the

front2 ¥ GKS (SI-KSNRa gKAGS ¢

2. A PC or laptop with a special graphics card

Most standard PCs and laptopsndae fitted with the necessary upgraded graphics card for
only a small cosiMore recent laptops tend to have adequate graphics cards.

3. 3D software relevant to the curriculum

There are a number of 3D software manufacturers. Many have emerged from the non
educational sector and even those from education have oftemefrom adult education or
training programs There are emerging software developers that are developing content
specific to schools. The schools in theopibroject were provided with asoftware set
suitable for use with children aged 118l years. The software was only available in English
which posed some limitatiofisee section2.2 on contentand section 2.3 on languader
more details)

4. 3D active glasses

Each schoalvas giverbetween 35100 pairs of active 3D glasses, depending on the number
of pupils inwlved in the research (sesection 2.1.4 on glasses for details)At the
commencement of the pilot, some legal and import regulations held up the distribution of
the equipment to schools.

In most of the research schools, the teacher required some low level technical support to
setup the equipment and to ensure it was running effectively. In about half of the schools,
the technical capacities within the school were sufficient but for thieeothalf of schools,
additional technical support was provided from tlvarious suppliers to ensure that the
technology was working appropriatelAt the beginning of the project 70% of teachers
thought that they might experience some technical difficudtien practice though,here
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were some minor technical problems in the early stagesthesewere easilyresolved. The
teachers found the technical support from the partner companies to generally be efficient
and effective. For exaple:
The activation coels did not work and we had to email several times, but our
problems were responded to quickly and weenable to resolve the problem.

At first it took technical support to get the 3Ddgnchronize

We needed the help of the technician to start with, Imow there are not any
problems really.

In the following example, the teacher felt less confident with the technology but quickly the
pupils were able d take over the task of settingp the equipment and the less ran
smoothly.
At first we had problems. 8/ R Raveddispace where we can leave the 3D set up
all the time so we have to set it up each time we want to use it. That took ten
minutes and the children would get distracted. But now the pupils have taken control
of setting it all up. They are greahd now we have no problems. The only problem is
the batteries in the glasses.

The larger schools or schools within a larger network of schools tended to have a technical
assistant in the schools and these people were able to help with the initiaipeithin the
schools.
| like technology and | feel confident to try new technology, but other teachers are
y2i fA1S YSo® L KIFE@S KIR y2 LINRPoOfSYa dzaAy3
there was not a technical guy, other teachers would strugglenEor me, | was less
afraid of the technology because | have the technical guy to help. If there is a
problem, he can help me and | can go on with the lesson.

The PC needed a special graphics card and needed to be configured. The technology
team helped 8.

In general, the implementation intdhe schools occurred in atraight forward manner.
Apart fromthe kit of equipment provided as part of the pilot project, schools needed only
minor additional adjustments. For example timkey, all of the pilot schools were supported

in the introduction and implementation of the technology by technical support staff, though
this was not considered to be a major burden. The few problems noted were more likely to
be connected to either theeomputer or cabling or to practical issuessasiated with the
downloading ofcodes' br the 3D softwareFor example,wo out of thethree schools in the
Turkish pilot needed better cabling, a better graphics card and enhanced operating system
to enablethe 3D to run, even though the majority of the projectors in the schoolewer
currently 3D ready. Similarlylsomeschools reportd delays in the software codedde not
working) though this problem was resolved quickly and the pilot started.

Within the dassroom teachersall appeared very comfortable and confident using the
technology with them moving the images around, rotating and zooming in. They talked
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comfortably over the 3D images and seemed to have no problem maintaining the flow of the
lesson whie operating the 3D.
It really took no time at all to get familiar with the buttons for using the 3D. | like the
depth, the zooming and the movement.

It was really quite easy. Once you get to know it you just turn it on. No problems.

Some schools shared portable equipment and while this was satisfactorytettuhers
ASYySNIfte LINBFSNNBR FTAES®R ISy EzZA RWRBY 2 trup NB Iii dzib NBA
each time before the lessorTeacherswere more likely to makdrequent use of 3D in
lessons if the equipment was permanensigtdzL) 0 A @S ® NGB tldRses. 12 T2 QO

While it would be good to have portable equipment, this is not practical as it take

guite some fine tuning to get the 3D to work. For example, some pupils weirng se

it going in instead of coming out. This took time to set up, but nowsietisip there

are no problems. Wean just go into the room and turn it on and everything is ready

to go. But if we had portable equipment, we would need to be setting it upeall

time and this wouldake time away from the lesson.

I would prefer a fixed projector as | find the moveable projector is a bit of a problem.
It takes too long to set it up.

One teacher experienced a technical probleith the speed the content loadedit is OK

for me but it takes a long time when the children are there and it takes &ribere
appeared to be only two technical problems that were observed across more than a single
school. One persistent problethat encountered in the Swedish and Gexmcase3was a
horizontal line passed through the images. The line would begin at the top of the image and
travel slowly down the screenWhile several suggestions were made to overcome the
problem, each time the projector was restarted the problem worgebccur. In classrooms
with this problem, pupils were more likely to also report higher levels of eye discontifort.
was suggested that the problem wdsie tothe need to change the hertz settings, though
this did not appear to fully resolve the problem.

The other repeated problerwas that some teachers did notalizethat the 3D image could

O02YS WwW2dziQ FTNRY G(KS aONBSY IyR gSNBE 4l GOKAYy 3 )
was made, teachers were amazed by the 3D effect they saw. In one exampheate was

going in instead of coming out and the teacher was not wearing 3D glasses so did not know.

Children responded witlwowé when the image then came out!

The following section contains specific details about particular technical aspects associated
with the implementation of the LIiFE 1 project.

2.1.1 Lighting
U Low level natural lighting was the most suitable for 3D in the classroom

Ly 3SySNrft Al FLWSFENBR (KFdG WwWE26Q yIFddz2NFt fA3IAK
classroom with blinds drawn and lights turned off). If the classrooms was too dark (i.e.

®>NEC projector
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there were the least complaints aboele strain or headache if theD was used in slightly
less than normal classroom light (e.g. with no artificial light and dull rather than dark
classroom conditions)if the classroom was too light or hdtliorescent lights on the 3D
effect was less effective and pupils also reportedt tthee 3D glasses flickered on aoff, or
KFER Wol Of.Fot®&ampkQni dne of thépilot classrooms, quite dark blinds were
pulled during the 3D. While this madbe 3D image sharper, a higher percentage (40%)
reported some negative reaction (pain in eyes, slight headache). This seemed to be the most
pronounced as the lights were turned back on and the eyes had to rapidly adjust to
accommodate the change in lightviels. Any flaescent lighting (especially fno behind)
gave reflections and some flickering sensation in the glasses.

Wehave to turn the lights off and we need both the curtains pulled.

We had a little bit of a problem if the classroom was very ligbt need to pull the
blinds down and turn off the lights, but then you can see things clearly.

The 3D images were clear from all the corners of the room and equally clear from the back
and the front of the classSome classereported that the pupils at ta back of the class
could actually see better clarity than pupils towards the frddth the teachers and pupils
reported havingdifficulty seeing vaere the arrows were pointing and reading the labeis

the images The labels wee too small andhe yellow color meant that they did notstand

out from the background.

2.1.2 Control and interactivity
0 The teachers would like to be able to point, rewind and pause the content
0 Both teachers and pupils want more interactivity and more activities in the
content
U Some of the labels are hard to read

¢tKS GSIFOKSNE ¢ yiSR ddutwihi the inbgBs aid?to b hifeitoy/ 0 £
move around the class as they were talking and working with 3D. The pupils frequently
commented that their teachers still tried to point, even though inevitably they were pointing
at the wrong part of the image, deese comments from pupils suggest:

It would be better if the software had some way of pointing.

We see to the left but the teacher sees to the right.

The teacher was funny. They were pointing at the shape but we were all seeing it in
different ways.

Theteacher is funny with 3D she points and her finger is there but she is not pointing
at the thing and she doesn't understand.

Both the pupils and the teachers wanted more interactivatyd more flexibility in the way
they controlled images.
The system woultbe easier to use if there was\ai-Fifi controller and you could
focus it as you move around the classroom.
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It would be great if we could just move our bodies and the shapes would rotate too.

In four of the pilot schools, the teachers let the pugitsitrol the 3D. The pupils appeared to
like a mix of both the teacher controlling the system and the pupils controlling it themselves,
as you see in these comments from pupits.this aspect, the findings were quite divided
with opinion equally divided beveen those pupils wanting whole class lessons, controlled
by the teacher, and the pupils wanting to be able to work in smaller groups and have some
control over the technology.
| would like to control it as that way if | did not undand something | cdd turn it
around and look again.

I like it better when the teacher controls it as it is sort of whole class things and we
can all share and the teacher makes gexglanations so we understand.

The pupils like the 3D the best when the images wereexaimated and where the 3D was
SEF33SNI GSRZ | a (KSa Stislddstdshén thingsyostSoyt arid Blsod dz3 3 S & G Y
when you can travel inside things.

2.1.3 Projector
U The teachers satisfaction with the projectors was generally very high

DLF Link technology, developed by Texas Instruments, allows 3D images to be projected
with the aid of a single projector and active LCD shutter glasses. The projector generates
consecutive alternating images for the left and the right eye at a rate of 60 frames per
second. The liquictrystals in the shutter otV OG A @S Q syhéhlorizédwith the NB
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projector and are switched between transparent and dark to match the projector. The
difference in perspective that results from this creates the 3D effect.

Theprojectors appeared tde deployed quickly and easily. It ditbt require special screens
and seemed to work very successfullyail the classroors in the pilot studyexcept where
the black line appeared, as mentioned in section .2The teachers generallfavored
installation of a permanent projectothough someteachers felt that more portable options
would be preferred. This would enable more flexible teaching and greater grodp w

2.1.4 Glasses

U The design of the glasses needs to be changed to suit children
U The glasses are too big and too heavy for the pupils
U Poorsynchronizationof the glasses can cause unpleasant sensations for the pupils

The glasses were the only major problem in the pilot resedtntly 50% of the pupils felt

the glasses were good or very good, with the other 50% giving a negative or neutral

response to the glassefespite a number of different brands being tested thevere

numerous problems reported. & Ol'y 068 4SSy Ay CA3IdzNBaA HOMDO D
with the glasses was low in a number of areas.

Figure 2.1.4.1a The glasses fitted me

= Strongly Agree (18)

= Agree (27)

= Don't Know (16)
Disagree (37)

= Strongly Disagree (22)

Figure 2.1.4.1b The glasses looked good

= Strongly Agree (12)

= Agree (42)

» Don't Know (24)
Disagree (27)

= Strongly Disagree (15)

23%

13%
20%

10%

35%
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Figure 2.1.4.1c The glasses werecomfortable

= Strongly Agree (13)

= Agree (22)

= Don't Know (13)
Disagree (41)

= Strongly Disagree (31)

34%

11%

2.5 Health and safety
U Mild to moderate shortterm discomfort was experienced by 49% of pupils using
3D for the first time
U Headaches and sore eyes were the most commonly described, but the symptoms
stopped once the glasses were removed
U Pupils want more 3D and for a longer duration than their teachers

During the pilot study, there was consistent reporting of discomfort caused mainly from the

glasses or the visual sensation of°3Dhe symptoms were reported consistently across the

countries and classes in terms of type of symptoms described, frequency of symptoms and

pattern of disappearanceLy NB ALy aS (2 GKS &adz2NBSe jdzSaidaz2,

experienced when viewing 3D in class, only 41% d&fJpf & al AR GSOENBIKAY3I |
Figure 2.5.1

®itis important to note, | am not a medical doctor and the research has not focused on health and safety issues.
The findings in this section are based on the-sgfiorting of the pupils and teachers, not any medical

examination. At the time of publicatioof this report, recent research findings from tAenerican Association of
OptometristssEmmanuel, is this name correctpresents a more detailed overview of the medical aspect of 3D
glasses.

"Note: This graph represents numbers of pupils NOT percestag a pupil can report more than one symptom.
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Figure 2.5.1 Pupil reporting of discomfort during 3D

= Headache (48)

= Dizziness (20)

= Pain in eyes (54)
Everything was OK (49)

The symptoms most commonly reported were mild headaches (that would disappear within

10-15° minutes once the glasses were removed), mild nauseee eyesdizziness and what

pupisNBLR2 NISR a o6SAy3a  G6SANRE FSStAy3ad Ly |I|ff
quite quickly once the glasses were removed. Interestingly, the highest level of reporting

was the first time the pupils saw 3D (28% of pupils reported some negative)effbile this

figure fell to 22.7% on the second viewing and 13.6% on the third viewing, with belBw 4%

on the subsequent viewing.

The severity ranged from-3 (with 0 being no negative effect and 10 being very strong
negative effect). The average fortiry for the pupil experiencing some negative effect was
AFAR 08 (KS LlzLIAf & A pases NddheSun@yRresiiltg, 2386f pupils¥ c Q NI (
AYRAOLFGAY3 GKIFIG GKS& SELSNASYOSR Fyeé yS3alGAags
further 65% of pupls experiencing some discomfort indicated thanit & & f A GG S LINBO
Slightly less tha 3% of the pupils reportindiscomfort fd & G KIF G AG &6+ a &l 0A:
Despite theseproblems, 89% of pupils reporting problems still wahte continue to learn
with 3D. The following comments are indicative of the sorts of symptoms described by
pupils:

| feel a little bit dizzy and miserable. The first time it lasted for 10 minutes and last

time [she saw 3D in class] about 3 minutes bt thme it is OK.

| got a bit of an eye headache the first time. The glasses went on and off and | moved
my head and | saw purple and blue.

(0p])
[
Pl
>+
—_
(¢

L R2y Qi GKAY]l o5 A& @SNEB yAOSoe L 13
My eyes were a bit painful.

My eyes are hurtingAfter using the glasses for 3 minutes, she removed her glasses
and rubbed her eyes, before putting the glasses back on]

8 Only 5% of pupils reporting any negative symptoms said that these feelings were still there 10 minutes after
stopping to view 3D.
9 Usually only one pupil or no pupils in a class reported any discomfdheofourth or subsequent sessions.
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My eyes are really hurting

They give me a headache

It is funny- we are learning about the eye and my eyes are hurting
The glasses were changioglorand this gave me a headache

When | first wore the glasses | got a little dizzy. When | took the glasses off it went
away after about 15 minutes. It only happened the first few times and now | am fine.

| felt dizzy for a fewninutes and had a headache. It is kind of confusing and makes
you feel kind of weird. But that was only the first time.

L R2y Qi tA1S GKS FEALLAY3I 2y FYyR 2FFd LG YI

During classroom visits, my observations were consistent with the pseitseporting of
discomfort with an average of 26% of pupils being observed to remove glasses or rub their
eyes during the first research visit session. Pupils seemed most likely to rub their eyes when
the light came on if the room had been dark and/ofiiK S 3f I aaSa (@@BimgE WFf A O]
on and off%. In the classes where this occurred, the reporting of discomfort increased to
34.7%. For example, one class had 8/23 pupils reporting headache, mild dizziness or sore
eyes after the first use of 3D. Tkame class reported 5/23 on the second use and 2/23 on
the third use. No one was still experiencing any negative effects by the fourth lesson. The
teachers also reported similar observations:
The first two times we did 3D some, the children complainedeafifches and a
little bit of nausea and a few children had to take the glasses off or go outside. But
y2g 0GKSNB R2y Qi aSSY (G2 o6S lye& LNRofSvya |ye

On average | would say in a lesson we might use 3D for around 15 minutes. Some
children get tired eyesral then they take the glasses off every few minutes. | think
pupils with some eye disorder have had a few more problems. At first it was a
problem for pupils with glasses, then vealized that they should put the 3D glasses
over their spectacles and ndahat seems fine. Every child can see the 3D.

The pupils also did not like having the 3D for too long:
L R2y Qi GKAY] @2dz aK2dZ R ¢l GOK Al F2NJ 22 f

There were very mixed responses from the pupdstiie survey question regardinigow

much 3D pupils would like in a schools day, with some pupils wanting it only once a week or

less but others wanting it very frequently. Generally, between once a week and once a day
A&SSYSR (GKS WNRIAKG | Y2dzy(i Q T2 NlledsktBreeYiheBgeNA 1 &8 2 F
day. Only 3% of pupils said theguwer wanted 3D (see Figure 2.8 2Despite this very low

% This was most likely to occur if there was a light source behind the pupils such as a fluorescent light of bright
light from a window.
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carefully and provide alternative learning strategies if 3D was to be adopted in the class.

Figure 2.5.2a How often would you like 3D in the class (pupils) ?

= Never (4)

= Once a week (43)

= Once a day (41)
12% Three times per day (14)
» More than three times per
15% day (18)
34%

3%

36%

The responses from the teachers (Figure 2b\ere very similar to those of the pupils, but
in general, the pupils wanteehore 3D than ther teachers.

Figure 2.5.2b How often would you like 3D in the class (teachers)?

= Once a week (3)
= Once a day (5)
» Three times per day (1)

Similarly, while in the LiFE research we recommended that the children wppmoximately

10 minutes of 3D (although the actual time varied form class to class and appeared to have
no bearing on discomfort with actually a slight indication that the longer you viewed 3D the
less negative complaints were record&d most pupils actally wanted a longer duration of

3D viewing as suggested in the survey findings.

Mra Al YFe 68 Laarocts GKE G  LIzZLIA ftheir mikdDr those appyyoS @ S ND
have 3D now might also change their mind.

2Though it should be cautioned against any assumptions being drawn from this data as clearly classes where
there were less reported negative reactions to 3D would be likely to incatpanore 3D whereas teachers

receiving more complaints from pupils would be most likely to reduce the amount of time pupils in the class view
3D.
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Figure 2.5.3a How long should you watch 3D in the class? (Pupils)

= For less than 5 minutes
(5)
» 5-10 minutes (16)
13% » 11-20 minutes (28)
21-30 minutes (43)
» More than 30 minutes (16)
10% * Any time (12)

36%

4%

23%

The majority of pupils felthat longer than 10 minutes was the best amount of time with
28% of pupils suggsting longer than 30 minutes or with no limits was the best. A
consistently® small number of pupils (4%) wanted less than five minutes.

The results for the teachers were similar.

Figure 2.5.3a How long should you watch 3D in the class? (Teachers)

= For less than 5 minutes
(2)

» 5-10 minutes (2)

» 11-20 minutes (4)
No particular time limit
(1)

A smaller proportion of children (approximately %%oreported a sharp 'pain in the eyes'
after the first use. Interestingly by the second use, children experiencing either the 'pain in

the eyes' had reduced by around 50% and by the third session there wechiliren that
noted this problem.

Confusingly, there appeared to be very litdescerniblepattern in the pupils who reported
discomfort. For example, pupils who wore spectacles were no more or less likely to report
problems than other children. Similg, some children who did not like watching 3D movies

'3 Consistent with the qualitative findings of pupils reporting problems with 3D

“The exact figurewashard®o i Ay KSNB Fa AdG KFR G2 68 oFLaSR 2y G(KS
FNBY (K2a$8 LlzLAta ¢gK2 dzaSR GKS LKIFasSa asSes

SeSa¢ 2N aFfdzyye SesSaé¢ 2N AAYATI NI YAfR RS&EONA LI 2 NA O
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because of headaches, nausea or dizziness, were quite happy with 3D in the classroom and
did not experience any symptoms. Position in the classroom (i.e. front, back or side of the
room) did not seemd not be a variable in pupils reporting discomfort based on the
observations or the pupils comment, though several teachers thought it may have an effect.
One school commented that 'closeness' might be a factor in headaches as the teacher had
noticed that pupils sitting closer to the screen were more likely to report eye pain or
headaches, but that is not clearly evidenced in other data. There appears to be a slight link
with children who experienced some problem with the glasses also being a child wko fee
car or motion sick. There did not appear to be any correlation with pupils that felt some
negative effect and cross effects (i.e. with 3D cinema or 3D TV). Some children only felt a
negative effect with the 3D in class, while others did not feel ilass; but had felt nausea
or headaches in the cinema or watching 3D TV. The pupils often made the comment that the
3D was 'different' in the classroom environment. Several teachers reported similar
experiences, such as this example from a teacher with te@bision at home:

I have a 3D television at home and we watch movies on it and it does not hurt my

eyes. It seems like a different type of 3D. It is definitely different the one we use in

class and it does seem to strain your eyes more. On the TVired&hthings are

quite flat. It is sort of depth rather than things popping out at you.

Some of the pupils who experienced negative sensations said that these had also concerned
their parents:
[Pupil comment] My mum thought it might damage my eyes.

[Pupilcomment] My mum was worried about the permission form. She thought, 'this
is a very serious project' and 'maybe the 3D damages you', but now she is very

happy.

[Teacher comment]The parents were concerned that the 3D might damage the
children's eyes in thionger term, though they reported no negative effects of the
short term exposure.

Several teachers raised the concern about whether the content was actually 'too real" and
might be disturbing for some children. For example, in one class in The Nethersavesal
pupils chose to leave the room as they did not like the content, and one pupil had to be
warned as she is particularly sensitive to the sight of blood.

Concerns were also raised about size and weight of the glaBsesexample during an
observaton visit in one of the Dutch classrooms, a child had repeated problems with the
glasses falling off because they were too big. He tried to hold the glasses with his hand then
ended up taking the glasses off after a few minutes and not wearing them agahei
lesson. Other children turned the glasses upside down to wear as they were heavy and hurt
their noses and the top of their ears.
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While the reporting of eye reactions or headaches quickly disappeared after three times of
using the 3D in lessonsproplaints about the weight of the glasses tended to become more
pronounced after subsequent uses. The most widely reported complaint was that the
glasses were heavy and hurt the children's nose and top of the ears. In Turkey, 28% of all the
children felt ®me level of physical discomfort with the weight and fit of the glasses. Even
within this group, they still wanted to continue to use the 3D but tended to 'lift' the glasses
off their faces or place their hands under the frame to avoid the discomfort.

Parents were also worried about the weight of the glasses as this comment demonstrates:
The glasses are far too heavy and hurt the children's faces. My daughter got red
marks on her nose. Can't they be made out of something soft? They hurt the
children'snoses. Can they also hurt eyes?

During parent interviews, while the overall response from parents was very positive, health
and safety concerns were often expressed by parents. Those parents who allowed their
children to engage in considerable amounts @dreational exposure to 3D (such as films, 3D

¢+ YR o5 3FIYSav aK2gSR INBIGSN £t S@gSta 27
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3D in the classroom. It would be reasonable to say that parents expect schools to show
considerable additional diligefc ¢ KSy A G O2 Y Sc&inglamd héalthLJdzLIA f Q& 4 St €

The major concern parents had with the greater use of 3D in the classroom was the impact
more frequent exposure may have on their children's eye sight. Some parents reported that
their children had sligt headaches, nauseas or slight giddiness the first time they had 3D in
the classes. While far more isolated remarks, two parents expressed concern about possible
radiation omitted from the glasses or the system and one (other) parent was concerned that
the glasses might actually produce a slightly hypnotic effect on the children.

As stated at the outset, it is beyond the scope of this research and my capacity as a
researcher to determine the medical veracity of the comments made, but their consistency
and frequency would tend to suggest this is an area that requires further investigation.

CNRY (KS LRAYyG 2F @GAS¢ 2F GKS LilzLaAafta GKS 3t a
and did not fit their facesThe childrenpreferred to take the glasses off between the 3D
sessions and the glasses were clearly not very comfortable for the pupils as this sample of
the numerous comments received exemplify.
The glasses are not comfortable. They are too heavy.

They fall forward if | leaaver and | have to hold them on.
They should be made out of saftmaterial. They hurt my nose.
They should be Iker looking. They are too big.

They should be nt lighter. They are too heavy.

3D is cool but the glasses hurt my ears.

| wished the glassdgted my head better. | do not like the blinking. The glasses are
also too heavy.

The glasses are heavy and uncomfortable.

The glasses are not cool. They are too heavy and they hurt our face and our ears.
The glasses are too big. They slip down andmyrhose.

The glasses are too big. When | lean forward they fall off.

One pilot grouptested new glasses. These glasSgsoduced a 'sharper' image buhe

pupils found that they were not as easy tsynchronizeto 3D and a higher than usual
percentage of pupils reported eye pain and headache. Several pupils changed glasses
claiming they could not see 3Dhe glasses werto heavy on thd.JdzL Jfadesi e bridge

of the pupils'noses hurt and also around the ma Around 10% of children found this so

!> XpanDA102ELP1
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uncomfortable that they needed to keep lifting the glasses from their faces or rested their
hands between the glasses and their faces.

A 12year old pupil of average size was asked to try two different glasskes sfsheXpanD
glasses were considered to be more comfortable due to the nose shape and the wrap
around style. These glasses were reported ton@e comfortable on the top of the ears.

The glasses fall down if the child looked down but did not fall off. The child needed to push
the glasses back up the bridge of the nose if he looked down and then looked up. The
addition of the nose guard made the glassslightly more comfortable. The look of the
Nestridf  3aSa ¢l a LISNOSAQPSR G2 0SS WwdaAteQo Li
being too tight on the top of the nose bone. These glasses did not move down if the pupils
looked up and downThe mamifacturers of the 3D glasses should explore materials that are
more light weight and durable to ensure both fit and comfort for pupils.

In the Dutch classrooms, the teacher found an innovative way to deal with the problem of
the glasses being tobig and hurting the pupils’ noses. She placed a cottoolwnakeup
pad over each dhd's nose to solve the problem.
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An IT expert in a school suggested tiaiantumTunneling® and other fabric technologies
could be employed to make glasses in the future that more readily adjust to a child's face
size. For example, perhaps 3D active crystals could be embedded in fabric or another pliable
material.

The teacheralsoreported problems with the usabilitpf the glassesThere were problems
reported with the batteries, with cleaning the glasses, with storing the glasses and durability.
Throughout the pilot and preilot, the manufacturers tried to work through the problems
reported and developalternative solutions.The following comments from teachers mirror
the negative comments received from the pupils:
The glasses are not good. They do not fit the children. They fall off. The glasses flick
on and off and changeolor. | think all this is what is giving the children discomfort.

The glasses should be jusi8 euros. Not too much.

The teachers were also concerned about the potential to have to do-tiomsuming
maintenance of the glasses.
The glasses are too hard todgeclean

The glasses are heavy and uncomfortable and the cleaning is time consuming

The only problem we have had with the implementation of 3D is the glasses. They
are badly designed for children.

LG o6Fa dzyO2YTF2NIl of S 2y rubbkrShin@df xof ke y Q a
feel better.

The glasses need to be much more reliable. They flicker on and off and the batteries
need replacing and this is difficult. The glasses need to be rechargeable.

The earlier models of the glasses had batteries thi#é¢rowent flat and were difficult to
change, as the following comments from teachers demonstrate:
We had a problem with replacing the batteries. It was time consuming and difficult.

Could the glasses be charged with solar (like calculators?)

Severateachers reported that the glasses were not durable in general class and rake
broke downg very easily. This also appeared to affect the likelihood that a school would
investin 3D.

As the principal, | am concerned about the durability of the glagses went down

the path of having these in all the classrooms. One broke during one of the lessons

and the child did not do anything.

16Quantum tunnelling compositg®r QTCs) areomposite material®f metalsand non
conductingelastomericbinder. They utilisequantum tunnellingi.e.without pressure the conductive elements
are too far apart to conduatlectricity, when pressure is applied, they move closer alettronscan tunnel
through theinsulator. http://en.wikipedia.org/wiki/Quantum tunnelling_compositdccessed June 2011.
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The overall intention of the pilot project was to provide a pair of glasses for each child in the
class. In practice, ste classes were larger than the 30 pairs allocated (especially when you
included the teacher and other staff). Also, the technical problems with some pairs of
glasses meant in practice that often children had to share glasses. In terms of classroom
practice, the sharing of glasses did not work at all effectivAly. pupils and the teacher
needed to wear the glasses for the lesson to be successful The attention span of pupils was
reduced markedly (by more than 52%) if pupils had to share as those childtfeout the
glasses tended to disturb other pupils and the process of swapping glasses negatively
impacted on the 'flow' of the lesson. Also, if the teacher gave his/her glasses to pupils in the
class, they tended to then once more teach from the fronttted room and the changed
classroom dynamics was also negatively affected. The implications of this finding &l that
pupils need the glasses and that to be successfully operational in an average European class,
class sets should contain 40 pairs of géss with simple ways to check all glasses are
functioning before the teaching episode begins.

There have been a number of problems with the glasses in ternsyrafhronizationand
light reflection. It appeared that if sources of light came from behind the glasses (such as
light through a classroom window or from a fluorescent light), the glasses would turn on and
off and take some time tsynchroniz& O dz& A y IQsdnsathhTof quick|fl&shek ¢f 3
other colors Some children found thisynchronizingg Sy al G A2y (2 0S Ga&6SANRE
disturbing, producing a reaction that they described as being similar to car sickness or mild
VI dzaSl T a4 KS&asS LidzLaft aQ O02YYSyida SESYLX ATFeY
| seelight coming in from behind.

The glasses are very annoying. They keep coming on and off during the lesson.
The glasses flicker and take too longymchronizavith the screen.

There are problems with the glasses. The glassestua fdots and changeolors

| am sitting at the side of the room and every time | turn my head it goes fuzzy.

To conclude, the overall finding of the pilot research is that giesses need to be more
robustin all for general classroom usagad need to be more adaptable iresign to meet
the needs of children
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One possible solution suggested for the future could be that pupils increasingly purchase
their own glassesParents would generally prefer to buy glasses specifically for their child
(children) as they are not happyith the children sharing glassésA survey across the
participating countries showed that a price between@D euros was deemed to be suitable
with the overall average being 43 euro (or equivalent) in the survey counfries.parent
group felt strongy that the pupils should have their own glasses. The price was not a major
concern for the parents interviewed.he parents interviewed were happy to purchase 3D
glasses for their child rather than having them share class glasses.

While both parents and pupils felt it was a better idea for pupilsptwchasetheir own
glasses, some parents wanted confirmation that the glasses were safe forQHeik f RNB Yy Q&
eyes before making such a purchase.

[Comment froma father] | want to know tlat the glasses are safe for children's eyes.

This igmportant. Until the safety of the glasses is provewould not buy ta glasses

for my child.

There did not seem to be in particular problem for pupils wleomally wore spectacles.
| thought there wold be a problem for kids who wore glasses but this was not the
case. They just put the 3D glasses over the top.

Y The mrents were concered about fit of the glasses and hygieie. the glasses were worn over the head and
eyes, glasses needed to be regularly washed and wiped with disinfectant cloths to prevent any possibility of
crossinfection.
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2.2 The Content

U The content was well suited to the curriculum

U More 3D content is needed

U Userdeveloped content is an aspation but at thisstage, cloudbased content was
preferred

0 Teachers wanhigh quality, accurate and realistic 3D objects

Most schoos involved in the pilot felt that the best way to access content would be via an
online 'cloud system’, whereby teachers could download 3D visual and animated resources
to complement their teaching units. In some countries (e.g. The Netherlands) similar
'subscription based' systems for other content were already available and it was felt that
these provisions could easily be expanded to accommodate 3D. In some countries though,
the school internet access was low bandwidth or intermittent meaning that anrriete
based system may not provide a reliable way to access online content, as this comment
outlines:

Content that 'sat' on the internet <cloud content> woofat be a good idea. In this

school we do not have good broaand. | prefer to rely on a CD, butlpbecause of

the broadband speed. CDs actually stop innovation as they are fixed and can't move.

In that way internet is better, but just not practical at the moment in this school.

It was generally felt that content could be shared 'internationally’ gordviding it was
possiblefor teachers to add the labels and 'voice over' in the mother tongue languatk,
that resources were widely useabl&eachers expressed a strong preference for 'generic'
content. They defined these as being high quality, adeuead realistic 3D objects. It was
felt that generic learning objects could be used across a wide range of ages, making them
highly valuable to the schools sector. It was also suggested that collaborations with text
book publishers and other educationalifpishers could be a useful way to provide the 3D
content. For example, most currently available ttdbooks provide interactive CROM
content to accompany the books and this in future could contain 3D content. One teacher
suggested thatabelingwas a useful feature as it could be used both as an introduction to
the topic for pupils but also as a way of assessing and review during a unit or at the end of a
unit of work. Another teacher suggested that it would be useful to have a blank text boxes,
rather than labels so that the teacher could add their d#agging2
It is very easy to move back and forward between 3D and the textbook. It fits very
well.

It fitted orprogram@SNE ¢Sttt & W{SyaSaQ INB Ay (KS
fitit into ourprogram We did not use the text book in the 3D unit.

We have general guidelines we must follow and content that needs to be covered to
match the exams. We had to change the timing a little bit to work with this pilot.
Wwe¢ 2dz0KQ g1 & thecéterd #idt @éid nbdimikEh wiafis in the text book,
but it was interesting.

Teachers gave a preference for a 'one stop site' where all teaching resources could be placed
and accessed easily via an index system including the topics and age of tlse Pugihg the
pilot, one third of teachers reported that while the content giaaded onto the laptop was
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good, that lack of indexing meant that teachers had to spend some time before the start of
the pilot investigating available content before startitimg unit. While they felt that this was
OK for the pilot, they would prefer a more clearly indexed system for the longer term
application of 3D in the classroom to save time.
It would be great to have an index with all the content that is availabledik®& ou
Tube. We need more content that is for sure, but we also need a good index system
S0 you can choose the things to use in your subjects. Time is a valuable thing for
teachers so the system must be quick and easy to use.

It was also felt thatthd y RSE &de8aiGSYy O2dzZ R 68 Y2NB Otz2aste |
ensuring an effective match between the pupils and the content and to enable individual
instruction.

The level of the content is important. Some of the content is far too easy for these

pupils but then some is far too hard. It would be good if we were able to select

different levels of the content.

Several teachers suggested that the text book ('methoctspanies could provide more of

the 3D content, though as one teacher commented dh'dl think the publishers know how

far 3D has gone'lt was felt that the content was generally well suited to the curriculum and
that the teachers were able to very effectively integrate 3D into their lessons. Most of the
teachers observed during the remeh created their own handuts and resource material

to accompany the 3D so that the 3D became part of the overall teaching and learning
package. The majority of the teachers observed combined the 3D as part of their overall
pedagogy. They were able toove seamlessly between 3D and other learning methods
including drama, 2D images, diagrams and verbal description.

{ SOSNIt GSFOKSNE &aL}21S lFoz2dzi GKS o5 y2i 2yfe w
The content does much more than actually "fit the curriculum”. Yes it does that but it
also covers more detail and the children fully understand the concepts in a deeper
way.

The content suits the curriculum very well.
The content is very relevant for drdzZNNA Odzf dzy® LT Ad glaydid L 643

The content was very relevant to our curriculum. Maybe we spent a little less time
with the 3D as we could cover more material but also something we did in more
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detail. For example, the skin and nose we spemgdéo because we all learnt more.
So | think in general we spent less time than we would normally.

Can this spread to other courses? | also want to use this with other children and
other classes.

I can see 3D being really useful for learning history anth@maatics. Can this project
spread to other courses?

One limitation identified that prevented widé¥ & LINB IdiRtGbutibnyoR3D content were
the different 3D formats currently available. These were viewed as adding unnecessarily to
the complexity of inplementing 3D and confusing for teachers new to BBe general view
expressed was that there simply was not enough content itf, 33 these comments from
teachers suggest:

We need more content!

There is not enough content.
It is important that we get 3@ontent for more subjects. We need more material.

It was also felt from the majority of teachers that the content needed to be as rich and deep

4 LI2&&AGES O0AY 20KSNJ 62NRE (KSe RAR y2i 6ty

| have looked at some ohé 3D content. The best so far is Amazing Interactive
because it has more depth. Tell the content designers not to make it too simple. We
gyaG NBlIffe& 322R o5 O2yuaSyde ,2dz R2yQi
images, then a good teacher can easigapt what he or she says to suit the
different ages. So you take the ear, you could use this in a simple way even with very
young children, but they should see the real thing and then the same thing could also
be used with the oldest pupils but the teackeuld just change what they said.

I would like content that | coulgersonalizeto the level of the pupils. Sound is not
important. | would not use the sound, but | do want to point and to be able to pause
and rewind the content when the pupils need manput.lIt is not about converting

all content to 3D but selectively using 3D when and where it is most relevant to
learning.

While the software supplied could be used to positive effect in the pilot classrooms, more
software needs to be developed. Tpeint was made by the teachers that it is not always
possible to adapt software from the industrial or entertainment sectors for ready use in the
classroom. Educational authorities and educational textbook and resource suppliers could
consider funding thelevelopment of generic content that could be widely used at all levels
of education.The teachers in the research project began to suggest more adventurous
future uses of 3D technology:

| would really like to see the dissolving of the interface. Withwtek we could have

3D content delivered into the classroom at any point. It would not be on a screen, but

18 At the time of writing thigeport, a quick search revealed thittere were arounds,000 pieces of freely
available 3D objectsurrentlyavailable on the internet.
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rather like the 3D projection is in the classroom with you. | like the idea that the
whole classroom could be transformed. That we could streanoritest from all

2 @S NJ ( K Sloudbaddd} derrallyhosted. The children get it! They really
understand this stuff. We need good quality, professional research. Quality content
will come from the teachers.

The teachers (and pupils) acknowledged thmtmost cases the pupils were in fact more
advanced with 3D than most teachersThey spoke about the pupils being very
knowledgeable and skilled in the use and consumption of 3D

While there wasevidence in the research of at leaste aspiration among teachers and
pupils to develop their own content, at present the software is not available to make this a
feasible option. The use of 3D cameras means that pupils and teachers could gather their
own content, but even in this domain, éhapplicability appears limited as the teachers saw
the main benefit of 3D was to be able to show things that are not easily observed in the
world around their pupils. So for example, the workings of the heart was a particular popular
piece of 3D contentaseeing the heart iactionwas not something that could otherwise be
captured.

It may be possible in the futa for usergenerated content, but at this stage, the time and
skill needed to develop 3D content would not make user generation feasible it mos
educational settings. The 3D video camera means that it is possible for schools to film and
include that content quite easily. There is also scope for teachers and pupils to generate
learning material to accompany 3D learning artifacts. So for exampide w would be
difficult for pupils or teachers to develop a functioning 3D eye model, they could certainly
develop teaching notes, lesson guides, resource material, assessment tasks and so on that
could be used in conjunction with the 3D artifact.

[Teacher comment] Development of 3D content will be a long term goal

[Teacher comment] | would really like a 3D camera and we could start to add 3D
content.

[Teacher comment] | think it is too difficult to make content that is good enough for

the children.They are used to the block buster 3D movies and they are highly
attuned consumers of technology. They want the best, and | have not got the time or
the skills to make it good enough.

The pupils were generally very happy with the content (see Figure 212.5).general
jdzSaGAz2ya (2 LlzLAfa [Fo62dzi Wl 2¢ 3I22R Aa GKS
good. That is consistent with the 89% (in another survey question) who responded that the
content was good or very good (as shown in Figure 2.2.1)
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Figure 2.2.1 The 3D content was good(pupils)

= Strongly Agree (45)

» Agree (61)

» Don't Know (9)
Disagree (5)

4%

The pupils made some suggestions to improve the content and these included warttieg
activities and games in the 3D experience. The pupils particularly liked activities and game
sequences in the 3D conteriburing these activities there were even gter levels of pupil

engagement, as these comments from pupils show:
LG ¢2dzZ R 0SS 3I22R AF GKS O2yidSyi
O2y(iSyaGXxX Fdzy gFhe&a G2 €SINYy I o2dz

The content would be better if it contained more exercises and activities.

Maybe in the future, when | grow up | will make 3D content.

g1l a
iKS

Y2NB
KSI NI @

The pupils are high end users of technology. They expect good quality graphics. They want
accuracy, and clarity and the&xpect zoom and animation and movement. The pupils were

most attentive during animated sequences or during activities.

[Teacher commentBefore it was just pictures and diagrams. And now we watch the
real thing in motion. The pupils reach out and trydach it. They can really feel it in
action. They are watching the real action and this makes such a difference in their

understanding

[Pupil comment]l really like it when the image does something sudden. It is cool. |

like the nose when Hlows.

[Teacher Comment] The pupils were particularly attracted to movement in 3D and
wanted images to go 'inside' for example, to follow blood through the heart as if

they were blood.

[Comment from a school principal] From a pedagogical point of view, 3D has ver
quickly and easily fitted into what we do in the school. It has turned our classrooms

Ayid2 OAySYLao Ly &2Y$S glea G(KAa

Aa

SEOAGA

passive. The teacher should be able to interact more with the image. For example,
couldthey have a special glove that allows them to point at the image or something?
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There were two complaints in relation to the content and these were the lack of a pointer
and the difficulty in reading the labels (as previously mention&tg. teachers alsevanted
far more control over the content with a scroll bar or other way to pause, rewind and repeat
sections of the software, as these comments from teachers suggest:
| really wish you could pause the content. | often want to dig deeper and point things
out or ask the pupil questions. It should have a pause button.

I would like a search engine and also a bar like you have on videos so you can get
exactly to the part you want to focus on. The way it is now it is a bit annoying
because if | want to focus @omething you have to go right to the beginning again.

The content really needs a rewind button. | often want to pause it or go back but
then you have to replay the whole section

The only problem is that the system lacks a pointer. You cannot show kistifthe
you want them to look at.

The labetolorsare hard to see. We need a slidéast forward and rewind. It would
be good if there is basic content and then extension content so you can take the
talented pupils further. The teachers need 3D toolwel$[3D pointer].

Thecoloron the screen is not good. The yellow labels are hard to read.
The yellow textabelingwas small and difficult to read.

I would like to be able to have hypertext so | could change the language and add the
language at theight level for the pupils. The content needs to adapt to the teacher.
The teacher should not have to adapt to the content. | would rather be able to create
learning that was more interdisciplinary. | also want a pause and a rewind button.
For me innovatio is important, but only innovation that helps pupils learn.

The pupils also agreed, "It would be really good if it had review and rewind so | could look
o0l 2y a42YSGKAY3I AF¥T L RAR y2i dzyRSNEGFIYR Al d¢

In summary, the majorityof the pilot schools were vg impressed by the quality of the
content:
[IT coordinatof The amazing interactive content is better and the pupils are really
amazed.

[School principal] | watched it and | was very impressed. | like the content very much.

HoweveE | & (GKAA&A GSFOKSNJ LRAYGSR 2dziz aaz2ySsS 02yidsS
a2 3J22Rd¢ | Reddladsdom wallbe lardgely degendent on the availability of
good quality content. Some teachers in the pilot study felt that while the canteas
sufficient for a pilot test, it lacked the quality and depth to be more wideded, as the
following teacher comments outline:
{2YS 2F (GKS O2ydaSyd Aa y2i 322Rd® L R2y Qi (K
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The content is currently quite ‘flakiput then it is assumed that it is not project
perfect as this is a pilot test and the content is really only prototype content. Content
is likely to be in the experimental stage for at least 12 months.

O

For this age group (220 &SI NEU L oRtenyif goodiefoligfi.1lt hasK S
mistakes in it, but then again text books have mistakes too! The topics are right. We
have to study the body but to me the content is too simple, especially we need to go
to deeper levels in understanding the heart. It wouwddmod if the content could
tackle the topic at different levels.

| think the 3D content is a bit superficial. It needs to be more detailed. We need
deeper level content.

| think there is too much detail in the content. There is a lot for pupils to take o
02FINR yR @2dz OFlyQil &aid2L) 6KS O2ydaSyd I yR

I wish you could go into the 3D even more. When | was teaching sound, | really
wanted the software to be able to go into the ear, like a sound wave. And with the
heart, | wanted the 3D to follow the blood. | want to go right into the organs. That
would be great.

2.3 Language
U The teachers wanthe content in the mother tongue of the pupils but the pupils
were generally quite familiar with and happy to have the English
U Most teachers played the 3D with the sound turned down and spoke over the
images

One of the limitations of the pilot study was that the content used was only available in
English and in all but England English was a second or even third language ferppils.
Despite this, there was surprisingly little negative effect. Some teachers even commented
that it helped improve language competencies. Alsavas suggested thafvoice overs
were not a good idea as the majority of teacher in the pilot turnkd sound down and
chose instead to add their own commentary to the images.
L R2Yy Qi ySSR néeHl &yoaealkiiiR As the tedtBey, Kxan do that. The
words should be in Turkish. It would be best if | could type the labels on the images.

The first time we listened with the sound and watched it. Because it was in English
not all pupils understood it but the images helped. The next time, | turned the sound
down and just talked. It was much better then. | think if we left the sound on the
pupils might get bored.

The pupils have high expectations. We need surround sound. They are used to this in
the theatre.

Several teachers used both the sound on the 3D and their own commentary. For example,
while the sound is played softly in the baglound, the teacher talks over the images in the
mother tongue. At times the teacher pauses and allows the pupils to listen to the English
voice over.
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At first we watched the 3D with the English. It was OK as we want the children to
learn English, but thenext time, | turned the sound down and spoke in Turkish. It
would be good if we could type our own labels.

Ly &2YS Ayy20IGiA0S SEIFYLX S&as GSIFOKSNAR | R2LIISR
where the children were learning both science and Englitheasame time.
| wanted the pupils to listen to the English. The language is quite hard. It is technical
language. The English teacher and | worked together and we introduced the words
first. We try to integrate English learning and biology so the 3D edbvlery well for
this crosscurricula teaching.

The 3D has helped. We are doing the lessons in Englismbining science and
language learning.

But for other teachers, the language iss(mnly being Englishjvas perceived to be a
problem:
It would be much better if thprogramwas in the mother tongue.

The language is a difficulty. | have to watch everything first and then work on
translations.

We turned the sound off. It would be better if | could leave the sound on but the
language is groblem.

However the pupilsliked the sounchnd wanted to hear the English
I like the English man because | am also becoming better in English and learning hard
words.

The teacher speaks a lot and she gets tired. In 3D the man is speaking. The problem
with the man is that he speaks English. It would be better if he spoke Turkish, but
even in the English, | don't understand all the words but it still makes sense.

In some ways | think it is better that he speaks English [voice on the software] as we
learnnew words in English and now know quite hard words. Most games we play on
the computer are in English so it is fine really. | want to get this content into my
home, so | cause it whenever | ant and be able to do revision.

The talking is good because then the teacher doesn't have to talk so much. It helps
us,evelh T 6S R2y QO dzy RSNEGEFYR 9y3ftAakKo

It doesn't matter if the man talks English or Turkish. | like to listen

As can be seen in the results from the survey, most darildifrom the seven r&earch

countries) felt that they could understand the languagee Figure 2.3.1with 79% of all

children agreeing or strongly agreeing. This provides further evidence to suggest that while

teachers and school systems want contentiK S WY 2 G KSNJ 2y 3dzSQ GKA& A&
the pupils.
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Figure 2.3.1 | could understand the language (pupils)

= Strongly Agree (38)

= Agree (41)

» Don't Know (20)
Disagree (15)

= Strongly Disagree (6)

17%

5%

34%

2.4 Implementation

U The schools and teachers found 3D to be very easy to implement within the school
and as part of lessons

U There wasconsiderable professional interest expressed in the potential of 3D from
the various educational authorities involved

This section outlines the main findings of the research in terms ofvthg® the 3D was used
in the schools and classrooms. It looks at the ease of implementation from the
school/managerial level, the classroom/teacher level and then the level of the lesson.

The 3D research project has resulted in a lot of interest from the Minisft Education or
educational decision makers in four of the research countries. They are keen to receive
copies of the research report and want to be kept informed about the experiment. There has
also been high level interest from researchers and sclsystems and several emails
requesting the opportunity to participate in a possible LiIFE 2 projeat. example, this
comment was made by aBducation Departmentlpnner:

It is our duty in the educational department to ensure that the educational

institutions that we are responsible for are always provided with the best possible

range of teaching materials and equipment. We believe that 3D technology will bring

significant benefits and are therefore more than willing to give our pupils the

advantage of this new method of teaching that may vebléracterizehe classroom

of the future.

There was some initial concern that 3D might be difficult to implement in the scisol.

indicated in the prea dzZNBS& RFGFX 7112 2F GSFOKSNAER 6SNB
implementing 3D in the classroom, while 8% described themselves as being very concerned.

In terms of being able to use the DLP, at the beginning of the project 63% were conoerned

very concerned about their lack of confidence, though 85% of teachers in the research

schools described themselves as generally feeling confident with technology and 100% of

GKS LIAf2G GSFOKSNE &l A Rttiekchaol/marfadefiaevel therd G NBE vy S

19 During the pilot research many variables were controlled but thed&n of implementation method was left
open sotiwas possible to record differences observed in the adoption of the new technology.
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was support for the research and realization that 3D was likely to become quickly

embedded in schools.
| could see the time when ever school would have a 3D-éard6S G al t 2y RS o05Hb
would be great!

With 3D the implementation has beerry easy. Everything has been fine and good.
No problems.

In this school we are very committed to ICT integration. | trust my staff. If they see
something new and they think it is something we should follow, then | will try to
follow it. The classes wewery keen to try. The one | chose really said "l want this." It
is a class with a lot of problems [pupils with special learning needs] and the 3D has
really worked for them.

The point wasnade that perhaps when 3D was totally integrated at the schodllgthen
LISNKIF LA a2YS 2F (KS WKIf2Q STFSOG 2y SIFENyAy3
0SS OKSNna O02YYSyid adza3asSaiday

When computers first came in, they were exclusive and then all children were excited

and the samedhing happenedwvith the Smart board. Now these thingse just part

of learning. 3D is useful for learning so in no time it will become embedded and we

won't know how we taught before 3D!

| like the system [IT coordinator] as it [3D pilot] does not need much by way of
technology.

The cost is high with the glasses and the computer, but soon | could imagine that the
pupils will have their own glasses and all laptops and projectors will be 3D ready and
then the price will come down and 3D will be affordable.

School principls could see that it was possible to implement 3D in the school with only

minimum investment, but that content for 3D would be the major issu&hile several

countries favored 'cloud’ based distribution, this was not widely available in 75% of test

schoot. Methods of content distribution to schools vary considerably from one country to

the next (and even one region to the next) and more detailed consideration would need to

be given to the best model for content distribution and sharing.
We would defingly use 3D in the future, but there is an urgent need for more
O2yiSyd G2 0S RS@OSt2LISRX IyR o0SGGSNI ItlraasSa

For most of the schools in the pilot study, the implementation of the 3D was quite straight
forward and could be easily introduced witheir existing projectors, Smart board and
general classroom arrangement.
The real cost is only the content. | [school principal] would start with a subscription
Y2RSt G6KSNB @&2dz LI & F2N 0KS O2y(iSyd e2dz KI ¢
to havea full subscription for a school as some teachers would not use it. Maybe per
class rather than per pupil? We only have 2,000 Euro for discretionary spending, and
that is only 80 Euro per class. The investment needs to be cost effective.
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[School principal] want to get this for the school, but | think we will wait a year and
then the cost will go down. Also then there will be more content.

[Teacher comment]l think the 3D fits in very easily to the classroom. It is flexible and
easy to adapt to the classron | would certainly like to continue using 3D in my
teaching. | would like the content to keep developing. We need more and more
content.

[School principal] It is a great thing [3D] but for us the issue is always economics,
value for money, upgrades.

Theteachers were asked to suggest the suitable price for a complete set of 3D capable
resources for the school (glasses, content, computer and projector). Figure 2.4.1 shows the
responses from the teachers to the cost of the 3D equipment. Judging from thesks, it

would appear that a cost band of less than 3,000 Euro is likely to be affordable for most
school situations.

Figure 2.4.1 How much would you expect to pay fora complete set to implement 3D?

= Less than €999 Euro (3)

= 2000-2999 (4)

» 3000-3999 (1)
7000-7999 (1)

The overall response from school leadépsincipals and exautive officers charged with IT
strategy and purchase in the school) were very positive towards the implementation and
potential of 3D, as these comments outline:

In this school we find that theoretical retention is a problem. As | tsdbei 3D
increases visual retention and this boosts learning. Schools have to keep pace with
where the pupils are. As you know from your survey, many of these pupils have 3D at
home and they have certainly seen 3D in the cinema. We need to ensure thalt sch
learning is just as rich. | can see a lot of applicability of this technology. For example
it could be used in art and architecture, in mathematics, even in language leaning
and history. It was very easy to bring into the school. There was only veiy ba
training needed. It is not complicated. We do need the content in French. We should
take the lead. Learning is about being able to show the pupils lots of examples. Very
little is needed to operate the system. The projector and computer are easy and yo
can project on the wall. The glasses the pupils could buy themselves, so the real cost
for the school is the content. How much would this be? We have very little money to
spenX aybe only 1500 euro per year so the cost needs to be low.
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It [3D] is verygood. The pupils asked a lot of questions. | was impressed that pupils
wanted to stay behind at the end of class and they continued to talk about the topic.
They were dealing with a very complex topic, but they all understood it. Tres bon!
Very good. Theypils get a very good understanding because they are seeing things
for real.

Thee is not a single system that works for all teaching and 3D is the same, but the
3D does help them learn better. It makike kidsvisualizemore effectively.

We are sure that the system should be in every schools and be available for every
teacher. At the moment, it is only in our school. And this sort of gives the Wow effect

Ay 2dz2NJ a0K22f GKIFIG @2dz R2y Qi &aSS Aly 23G§KSNJ
also think it helps the children teisualizecontent and helps their retention of

concepts.

We would definitely keep it in the school and would like to invest more in 3D in
education. We would have to upgrade the graphics card. These can cost nearly as
much as a whole new computer. But technology is developing rapidly and things
always get cheaper. But maybe there will be other technologies in the future.
Keeping up with it all is always the problem for principals.

The implementation at the level of h Wi Saa2y Q aSSYSR (AlteS GSNE
teachers observed uske3D intermittently during the lesson and seethquite comfortable
to turn the 3D on and off as the content afldw of the lesson dictateslhe teachers in the
pilot research coristently found that the 3D was very easy to implement into the classroom
environment. The teachers did not need any special preparation or training and all the
teachers observed were able to comfortably use the 3D and integrate it effectively into their
lessons.The teachers felt that one advantage of the system was that all pupils, regardless of
where they sat in the class could see the 3D models very clearly and that the 3D could be
projected onto any surface (i.e. did not need a special screen) andesontige could also
be projected into all corners of the classroom. The pupils also appreciated how easy it was
to see the 3Dho matter where they sat.
[Teacher comment] No matter where you sit in the classroom the model is right in
front of your eyes.

ax

[Teacher commentThe childrenare arranged in desks looking to the front. One
advantage is that 3D made it easier for all children to see as the model appeared
close to them, whereas normally children at the front are advantaged over children
at the back.

[Pupil comment] When the teacher shows a model if it is small you can't see it, but
with 3D even if the teacher moves around or a big kid is in front of you the 3D will
always move in front so you can always see things clearly.

ltwas also feltthatth®@ 5 O2y Sy G ¢l & W@l tdzS F2N Y2ySeQ | a .
appropriate across a range of disciplines and at different age levels.
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| think you could use this in all classes. You can keep the same images, but then the
teacher would just say diffent things. | could see, for example, thyaiu could use

the senses in first or secomthss, but the teacher would then just give a simple
description.

The majority of teachers felt that teaching with 3D saved class time as they were able to
teach more ad to more depth than without 3D
I have found that the 3D sas¢éime. Of course not in the beginning as you get to
know how to use it. But it certdinsaves time in the lessonsidtthe only tool of its
kind that exists. The pupils can learn all at the same time and they learn a lot at once
and so | find I can actually cover more in the same time.

I was worried by how much time doing the 3D experiment would take, but actually
wewere able to cove more in less time so time was not a problem.

| would definitely say that it shortens the time to teach concepts. They can see
everything and to a deeper level and they sort of get the concepts. We have tried it
with the eye and the eaand they understand more in less time.

LG OSNIFAYyfe RAR y20G YI1S GSFIOKAYy3d lye f2y:
little shorter and we covered more.

We find we can cover more material in a shorter amount of time. Also what the
children are leming is more complicated and deep compared to what they would
have learnt before. So in that way, it is excellent.

Even for a teacher who was not sure if the 3D saved time, she commented that the pupils

learnt more in the lesson:
| really can't say if lan teach faster or not with 3D. The 3D does not replace the role
of the teacher. | still need to do the commentary. | would say it is complementary to
G§SIFOKAY3 YR a2 ¢gKSGKSNI GKS LlzLlAfta € SIENYy Y2

Teachesused 3D onerage for between &5 minutes in the middle of the lesson.
We do 3D for between-55 minutes depending on the lesson. | think 30 minutes of
3D would be too long.

In almost all cases (except in three classes) the 3D became an added approach rather than

changing pedagogical approaches. In other words, the teachers added the 3D into their

usual way of working rather than changed their way of working around the introduction of

GKS (SOKyz2t238d C2NJ SEI YL ST 6KAES withaSlI OKSNI Y

combination of explanation, text books, diagrams and activities, the teachers still used these

same approaches but simply added the 3D.
L R2y Qi GKAYy]l] GKS GSOKyz2f238 KlFa OKFYy3ISR Y
resource and that is important.

In the three exceptional cases, the introduction of 3D led also to changes in pedagogy. For
example, in one school the teacher let the children 'give the lesson' and operate the 3D. The
children enjoyed this very much and were able to effectively usestifevare and 'teach’
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the lesson, even using English instead of their mother tongue. In another example, the
introduction of the 3D led to the teacher considering more varied assessment processes, and
instead of pen and paper test, the teacher used meadeking as a form of assessment.
| was concerned that the class would be too passive. There are challenges in this
class, so | decided that the children would teach the lesson and do it in English! As
the teacher, | went to the back of the room. The pupiigedthe computer and run
the lesson.

In reflectiorf’, many of the teachers felt that the 3D mighin the future - change their
pedagogy, but only once there was more content and also when they felt more comfortable
with the technologyThe teacherssaidthat 3D wasmuch better than plastic models.
| first | was a little nervous about using the 3D, especially when people were coming
to watch, but now it is very good. No problem. We all had fun. | would like to keep
using it, but not all the time. Th&D is more realistic. It is moretéresting. Ithas
been a real "wow" experience for these pupils.

It is not hard work at all to teach with 3D. It has made it easier in some ways as it
really grabs the children's attention.

Both pupils and teachers cousge a wide range of ways the 3D technology could be applied
to learning other subjects. The most commonly suggested subjects for particular application
of 3D technology (in addition to science) were mathematit®%, geography(46%)and

20
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history (45%f$". Others also suggested art, music and language learning may also be possible
with 3D technology. The pupilslfahat they would not get boredf 3D was used in all
different subjects.

[Teacher comment]lit would be good for learning spelling and learnindgjsBndt

could really be used in all subjects, but there should not be too much in one day so

the teachers would have to talk to each other.

[Pupil comment] When you make things in art 3D would be good.

[Teacher comment] | can see it being used for a vhatl of lessons across lots of
subjects, but we would have to be careful as | think it should never be more than for
a third of all the day.

[Teacher comment] | think it could be used a lot more in maths to make it more
interesting because maths is notenesting.

In summary (Figure 2.4.2), there was strong support for 3D in general (with an average score
of 8.8 out of a possible score of 10) while the glasses and content were the least liked areas,
with average scores of 6.1 and 6.4 respectively.

Figure 2.4.2 Average teacher satisfaction scores
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Z Note: Figures do not add to 100% as pupils and teachers could nominate marerteaategory, i.e.
Respondents could say it was relevant to mathematics and geography. The percentages are obtained from
adding and averaging both the pupil and teacher results.
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At the level of the pupils, apart from some issues with health and safety (see section 2.5),
the pupils adopted the technology very easily. In several examples, the pupils themselves
began to use the thnology and there were no issues at all with this. The pupils were
independent and proactive in wanting to use the technology.

It was very easy tose. No training was needed. VB&arted with the skeleton and

then the heart, the ear and the eye. We havsoalooked at some of the other

content. The pupils like the supermarket.

The children are already very used to the 3D in lessons. If | say "Now we are doing
3D" the children get out the glasses and help set up the projector @ckilly not a
problemat all.

The pupilsinterviewed in the researclwere split equally on whether it was better to have

whole class teaching or small group teaching. Those preferring whole cidsthatathey

valued the inputifom the teacher and also that the teachéaddedto€ the learning possible

with the image. The pupils who preferred the small group teaching commetitadthey

wanted to be more "in controlof the technologyand also that they could progress at their

own rate and return to particular aspects for ra@ais. One criticism maglof the software

was that it was not possible to return to particular parts of the image, and that if you needed

to revise something you had to go through the whole section again. It was suggested that a

'search capability would enance usbilityé6 8 SS a4 SOG A 2 vy . Sothe phpilewere W/ 2 y (G Sy |
concerned thd INRdzL f S| NY Ay 3 Wriddsfgtion inStheRschdoRas ¢ OK | 2 & €
ceveryone did their own thing

2.6 Teacher professional development

U The teachers were able to effectivelyse 3D in the classroom without any specific
professional development

U Teachers and pupils expressed a desire to share 3D content and lesson ideas with
colleagues around the world

The teachers in the pilot study were a mix of higbkperiencedand lessr experienced
teachersthat could be said to be a representative sampliethe spectrum of teachers
generally encountered in schoolés can be seen in Figure 2.6.1, they had differing levels of
teaching experience.
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Figure 2.6.1 Number of years teaching

= 3-8 years (7)
» 9-14 years (3)
= 15-20 years (2)
More than 20 years (1)

8%

54%

The teachers were able to implement the 3D pppobgramwithout needing any particular
teacher training or developmenand within the first or second week of usage the teachers
felt confident. The pilot teachers started to exhibit characteristics of éesltip in the
schools and to share the 3D with other subject areas.
| showed the 3D to my other colleagues in science. The other teachers want to try it.
They can see the application to their teaching. The class that is only getting 2D is
very jealous!

When will the other teachers get the 3D? They are all jealous of us! We invited the
other teachers in to see the 3D. It was funny. They took the glasses and sat like the
pupils. Some teachers came in and watched some 3D lessons. They said, "What is
happenng, the children want to listen so carefully!" Now they want to use it in other
subjects.

In the school the 3D has led to a lot of discussions in the staff room. There have been
six teaches that were really interested three teachers from the English tddang
area and three from the computer area

The technology had been shown to other teachers from other discipline areas.

The attitudes to experimentation differed significintbetween different schools. Isome
schools the @achers were very excited ttrial the new technology and felt that being
involved in the pilot was professionally rewarding, as this comment suggests, "It is part of a
teacher's role to learn new things. | am very supportive of this prgjeshother school
principal commented:
The gstem became fully activated on Friday. It is step by step but my aim is to get all
pupils, parents and teachers to see this. | think the 3D has the potential to attract
new students to this school. You have to do something different to attract pupils. But
it is not just that, it will help pupils learn better and the retention rate is higher. Also
pupils will need to be aware of new technology in their future career. Young teachers
can easily adapt, but the older teachers have had no problems either.
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Other teachers were less confident at the outset but soon managed to master the
techndogy:
| am not good with technology but this has been easy to use. The first time it was a
little flat and the image takes a bit of tweaking to get is 3D.

In our school therés a big variety in terms of how comfortable teachers feel with
technology but with 3D they have all found it very easy.

It was not easy from a technical point of view to begin with. It requires too many
RAMs on the computer. We would fix it and get thev@iking and then the next

day it would not work again. It was all new to us. We have to get to understand the
3D. One of the problems with 3D from a school point of view is that there are too
many systems of 3D and you do not know which one is liketptich' on' and so you
don't want to invest but rather see what happens. It is hard to make a decision. It
was hard to get the 3D image at the back of the board. We had to press the button
to make it work. If a teacher is going to use this, we need to ntakery easy to
convince them that 3D is a good thing. Some of the teachers are not computer
friendly! It depends on the teacher's age.

The technical requirementdid not seem to be a prolongadsue in most of the pilachools
and did not require any adiional professional developmentHowever,schools should
consider theprovision oftime for the teachers to plan and develop interesting learning
projects to use the 3D content. Similarly, more focus should be given to the way 3D might
enhance or innovate&lassroom teaching and learning pedagogiie use of 3D seemed to
stimulatechanges in the flexibility of the learning environment (e.g. everyone as a potential
peer, expert and noviceome teachers were able tovolve the pupils as learning leaders
using the technology:
The children set all the equipment up and run the lesson. Everything has worked. |
think | will try this in other classes.

Pupils get to know new forms of technology that could in future support learning
processes and promote innowagiteaching concepts

There was evidence that several of the teachers began to use the 3D in different ways at the
start of the learning process, midway, at the emdafter the end of the unit, as is suggested
in this reflection from a teacher involved ine pilot:
| build the lesso as | would normally build iDoes the new 3D technology fit into
existing teaching and learning patterns or does it cause new patterns to emerge?

In the presurvey, 76% of teachers indicated they would like more professional
development. All of the schools involved in the pilot project commented that the
involvement in the research acted in a positive &g professional development, as these
comments from teachers suggest:
| am open to new technology and so | am very hdpgye involved in this research
project.

| am really thrilled by the project and a chance to have the project in our school.
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It was really not difficult to do this project. The pupils keep asking for more.

The 3D experiment has been a very good experience for the class and also for me as
a teacher.

The whole experience of doing this experiment has been fantastic, really a pleasure. |
want to meet with the other teachers too and keep trying things.
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Chapter 3: Context
There is no doubt thatechnology has changed the way we learn and [Mais chapter
explores the experiences of the pupils and teachers with 3D and the attitudes towards
technology that influenced the adoption and usage of 3D in the classroom.
c8p OOPEI 60 APPAOEATAA T £ %
U The pupils are higkend users of technology and havansiderable experience of
3D

The pupils owned a lot of technology devices and used them regularly, as is indicated in
Figure 3.1.1. 90.1% of pupils had a compu&s,36 had at least one mobile phone, and
74.6% had hand held gam#&s.

&ECOOA x 8usdafteddrOBgl | O6

= Mobile phone {422)
= Smart phone (e g. iPhone)

f (129)
! » Computer (446)
e 3D TV (26)
» Handheld game (e .g. PSP,
Nintendo) (369)
i i = Console (e.g.

Paystation, Xbox, We)

: & (321)

The first survey results indicated that over 91% of pupils use the internet for at least one
hour per day.

2 Note: many pupils had more than thretifferent forms of technology.
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undertaken. There waso discernibledifference in experience of 3D despite the belief some
teachers had that their pupils would not have access. For example, in one country the
teacher askedh 52y Ui @&2dz {y2¢ GKAA Aa y20 GKS NARIAKI
have this sort of techology at home.'In actual fact, 100% of pupils in this class had seen a

3D movie with most seeing three or more movidse first survey revealed that 90% of

pupils had een a 3D movie (see figure 3.3.2

Figure 3.1.2 Have you ever seen a 3D movie?

= Yes (445)
= No (50)

The pupils were very knowledgeable about general innovations in 3D and quite informed
consumers abouthe 3D products available.
[Teacher comment] Quite a few children in this class have the new Nintendo 3D and
all of the children have been to 3D movies.

The pupils possessed very positive attitudes towards 3D and were keen to have more 3D in
their life and in their learningWhile some children had experienced some negative effect
during a 3D movie, they were overall very positive (see Figure 3.3.3).

Figure 3.1.3 Reaction to viewing 3D movies

= It hurt my eyes (76)

= It gave me a headache
(64)

= It was great (340)
It made things come alive
(256)

= It was boering (13)

The pupilsexpressed a strong desire to own 3D objects such as 3D televisions or games
consoles. Most pupils had attended three or more 3D movies. The following comments are a
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small sample of the very positive comnis towards 3D made by the majority of the pupil
interviewed during the research:
[Pupil comment]l want 3D televisiolfThis was a very popular comment from the

pupils]
100% of the class have seen a 3D movie

The pupils (especially boys) showegaticular preference for more gaming opportunities
in 3D:
[Pupil commentSomputer games in 3D would be cool

[Pupil commentBD games would be really cool.

[Teacher comment] have noticed the biggest difference with the boys. The boys
really expressed their excitement. The boys play with computers more. They like this
way of learning and are more focused.

It would be reasonable to conclude fno the pupil€2responses that thg are very
sophisticated and higlkend users and consumers of 3D. They were reflective about the
quality of 3D and could make imaginative suggestions about how to improve the 3D
experience in the classroom:
I would like the 3D to be able to stop and go as yant it, like you can with a
Youlube video.

Shrek was a very popular movie. We thought 3D in the class would be like in the
cinema. It is not as good as the cinema but it makes you understand more.

The teachers interviewed acknowledged the importancgadd quality technology for the

LlzLIAf & 2F (G2RlI@& Fa GKS& FINB GRAIAGFE yI GABSE
The children know and like technology. We would usually use a plastic model. But it
is small and hard to see. For children technology is the usual thing.

The kids arenito technology. We need something different in the classroom. It is
more philosophical than just putting computer in the classroom. Technology is not
just about learning the content. Technology will change the view of life. Children
must have different poits of view on life. Their thoughts are important. It is a
humanistic issue. Education needs to be about the board picture, including the
children's feelings and the spiritual world.

In one of theresearchschools, an interview was conducted with the schopsychological
councilor She commented about the positive impact the 3D project had had on children
with visual learning styles. She was also monitoring the impact of 3D on the children and felt
that it was very exciting and positive experience.
I think it is definitely better for the children's learning [psychologicainselo}. It is
especially good for the children who mainly use a visual learning style. As a school
we have been doing a lot of thinking about different learning styles. In primary
sdhool,visualizations particularly important.
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The children were happy about th®@oject and were learning well. As one pupil succinctly
described the days where he had a lesson in 3D:
Itis a bit different from other days.

08¢ 4AAAEAOGO AGPAOEAT AA 1T £ o%

U The pupils were more experienced with 3D than their teachers
In all but two of the classrooms, it would be reasonable to conclude that the pupils were
more experienced with 3D than their teachers. The pupils were very supportive of their
teachers but alsavere aware that their understanding of the technology was often better

than that of their teachers, as the following comments from pupils show:
The teacher is still getting used to 3D. She will stand in front of the image.

It is hard for her to point to things. She points to empty spaces.
The teacher did not say as much.

The teacher did not move the image around nor wear the glasses. The teacher was
not aware of the image not being 3D. Teacher did not talk while the image w
shown and used the English voice over.

Despite these qualitative comments about teachers and technology, the survey results were
very supportive of teachers with 94% of pupils either agreeing or strongly agreeing that their
teacher(s) knows how to ugechnology.

In general, the prents felt that their children were happier and more positive when
teaching with 3D.
He explains more. He is taking the subjects to a higher level and we are doing more
difficult work, but it is easier to understand and maune f

In 3D she [the teacher] is better. She speaks less.

I think the teacher's job gets easier with 3De Sort of becomes happier. More
Gradzrt® L OFyQd o6S &ALISOAFAO odzi GKS GSIOK
started.

The teacher is morascinating

She becomes funnier. More funny.

When there is 3D the teacher is sort of happier. | think because we like it, then he
likes it. We understand things and there are better examples.

The teacher is better in the 3D lessons. The technologitdtes| her explanations.
She likes 3D and then she sort of passes this liking onto the class. She is showing us
things in 3D and it is easier to learn.
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attentive and inteested and everyone will learn better. The teacher had some work
to do though as the 3D spoke in English.

I can't describe it but in 3D lessons the teacher changes. She is better. Sort of
KFELILASNX | Qldatte ¢S FHftf OKFy3aSo

2SS tft OKFy3aS Aef thé tkdsherochangesS\Weial yhéngeSiar the
better.

¢KS LlzLIAf & O2YYSyiGa Foz2dzi GKS (SFOKSNJ 6SAy3 &K
the survey results witt68% of pupils feeling that their teacher was happier in 3D lessons
(see Figure 3.2.1)

Figure 3.2.1 The teacher is happier in 3D lessons(pupils)

= Strongly Agree (36)

= Agree (45)

= Don't Know (19)
Disagree (15)

= Strongly Disagree (5)

16%

4%

38%

The teachersecognizedhe need to change thelehaviorin light of the new technology.
| try to point to thing. It is very hard to point to things. | even tried using the laser
pointer but it does not work.

It took a little while to get used to the 3D. Not the technology, that was easy, but
how to change myehaviorto work with 3D. For example, | am used to lbdeao

point and that is not possible. Some glasses were not working and that was a
nuisance, but apart from that | had no problems with the technology.

There was also explicit recognition on the part of the teachers that while things may improve

duringthS LIAf 20 LIKI &aSz GKFdG € SIENYyAyYy3 YA IXKae NB G dzZNY
off. For example, a study conducted by MBRé&tween 20062002 showed that after the

early introduction of electronic white boards into the classroom, there was an ipiisitive

impact on pedagogy but over tinmassroom pedagogy actually worsened. There was more

copying and discussions, problems solving, talking with teachers and learning things about

the real world actually went down ¢dy 10% of learning was learniafpout the real world).

2 http://www.yjb.gov.uk/publications/Scripts/prodView.asp?idProduct=187&eReessed June
2011.
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These results from earlier studies of the implementation of new technology were implicit in
some of the comments from teachers:
When computers first came in, they were exclusive and then all children were excited
and the same with te Smart board. Now these thingee just part of learning. 3D is
useful for learning so in no time it will become embedded and we won't know how
we taught before 3D!"

In the past | used a 3D plastic model. The 3D is better than the model. The 3D is very
real. Of course the first time | gave the 3D lesson the children were very excited, but
now they have had it many times and they are still excited about it but more because
they are learning and understanding. Despite its success, | think aroug@ 15
minutes is enougtime. | can easily see how we could also use it in history and

geography.

While for many of the teachers it was their first experience with 3D (even as viewers of 3D)
they seemed to adapt quickly ardid not have any real problems. The teachavere keen
to learn the technology and seemed to be genuinely impressed by its potential.

Itis good. It was not hard at all. The children like it.

Wow, it's so great. It'aot at all technical really. It's so easy. It is very easy to use.
Wow,A 1 Q&8 3INBIGP ¢KSNBE Aa a2 YdzOK Sy (iKdzaAl ay
[Commant from school IT coordinator] The staff were absolutely excited.

The nature of the technology itself seemed to enage more innovative attitudes fro the
teacher. For example, it is npossible to see the 3D nor operate effectively if you adopt the
OGN RAGAZ2YFE WESOGdzNBQ LRaAdAzy 6AGK (GKS LlzLIAf &
to teach from other parts of the room. The teachers adapted readily to this and were able to
integrate the technology without any problems as either a new way to teach or as a way to
introduce new technology into the design of their lessons. For example, during one
classroom observation session, the teacher moved from behind the desk at the frame of
room where she had been teaching all other parts of the lesson to a pupil's desk at the back
of the room for the 3D section of the lesson. She did this each time the 3D was shown (four
times in total throughout the double lesson). In another examplsayved the teacher
seamlessly moved between different types of teaching methods, including 3D. The lesson
started with some oral revision, this was followed by explanation and a 3D (physical) model.
During the lesson, 3D projections were used three tilaued for a total of 13 minutes (within

an 80 minute teaching sequence). The teacher also used experiments, group discussion and
worksheets in the lesson.

One aspect that was very apparent in the interviews with the pupils was that while they
adopted an almst patronizing I G G A 0 dzRS (2 GKSANI (Sl OKSNna f
understanding, they were totally committed to the value and importance of their teacher as
a mediator of learning.
The teacher is the most factor. The teacher is much more important than the
technology. The teacher is the most important thing in learning.
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I don't think that 3D will ever replace the teacher. The teacher knows the subject and
they add detail. The teacher knows how to go at the right pace, but at the same
time, teachers need tchange to the innovations.

3.3 Visual and kinaesthetic learning styles

i The majority of children in a class are visual learners, whereas the majority of
instruction is auditory

U The pupils said they learnt better when they could see the 3D image aed the
functions of the body @rt through animation

0 3D tended to encourage visual and kinaesthetic leaning

Children find it hard tounderstand what is not visibleVisual learning improves
understanding of functionality andy seeing the wholechildrenare able to understand the
parts. The child is able to visually take the body organs apart and reassemble.
[Pupil comment] You can turn the things around. We can see the whole. It is more
detailed and we can move the object.

The presurvey indicates thathe pupils had a strong preference for visual and kinaesthetic
(85% preferring seeing and doing and only 15% preferring hearing) learning, as shown in the
NBallyasSa (2 GKS jdzSadAz2ys a1l 26 R2 @2dz LINBTSNJ

Figure 3.3.20 OPEI 06 DOAAEA@OAA 1 AAOTET ¢ OOU

Complex concepts become more easily digested when reduced to imagery3D models
were able torepresent information in the most economical manner to facilitate learning and
comprehension, thus simplifying complex, abstract and impossibly lamgeunts of
information into a coherent form. By rendering the world visually the children were able to
understand greater levels of complexifyfirough being able to engage directly with the 3D,
the pupils could éfine complex concepts visuabynd therefae understand these concepts
more deeply and more profoundly, as these comments from pupils suggest:

| get that because it is there.

| understand things better. Thimages come with you.
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