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Outline

 Who am |? What is my background?

 What am | doing at the University of
Tartu?

* Why are new 3D technologies important
for teachers and education?

* What significant research questions
related to 3D technologies should be
investigated in education research?
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Who am I?

BA Computer & Electrical
Engineering, 1997-2001
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Who am I?

BA Computer & Electrical PhD laser physics,
Engineering, 1997-2001 2003-2008
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Laser Institute, Orlando, Florida
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Creative hobbies
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Complex laser experiments
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Communicating ideas

Coherent femtosecond pulse combining of
multiple parallel chirped pulse fiber amplifiers

Leo A, Siiman,'™" Wei-zung Chang,' Tong Zhow,' and Almantas Galvanauskas'
'Cenier for Ulingfad Optical Science, University of Mickipan, Ann Arbar, Michipar 481 09, IS4
Wz All and hors contribwled equaily lo ikis paper.

“isiiman @ eecs mmick edi

Abstract: We report on femtosccond pulse combining with up to four
parallel chirped-pulse fiber amplifier channels. Active phase locking is
implemented using the LOCSET (Locking of Optical Coherence by Single-
detector Electronic-frequency Tagging) single detector feedback technique,
msulting in 96.4%, 94.0%, and 93.9% relative combining efficiency with
two, three, and four channels respectively. Theoretical and experimental
amalysis of combining efficiency dependence on amplitude and TCTEY TIT TS ST TRCAT TS DT BT Vo W IO o COTact
shows convergence to a fixed value with increasing number of — stage- After coupling back through the collimator into the s
indicating that multi-channel pulse combining with LOCSET] delayed pulse passes the circulator the sccond time and due to - -

P . | X directed out of port 3. This configuration was selected since it
should be scalable to very large numbers of channels. space degrees of freedom need for signal back-coupling adjustucim—omy two winguen
2012 Optical Society of America

OCIS codes (140.3298) Lasmr beam combiming; (140.7090) Ultrafast Lsers; (04
optics amplifiers and oscillatars. translation
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A combined beam of stretched and amplified pulses was launched into a standard Treacy-
type diffraction grating compressor. Just like the stretcher, the compressor was amanged in a
folded configuration, and themfore, uses only a single diffraction grating, identical in
specifications to the one wsed in the streicher. Compressor throughput cfficiency was
approximalely 65%. A small fraction of the output power is “sampled” by either a glass
wedge placed prior to the compressor, or aliematively, by zero-order reflection from the
compressor grating, The “sampled” beam is dirccted onio 2 single defeclor to provide a
feedback signal for active phase locking, Without phase locking (Le. free running operation /
open control loop) the relative phases between channels drifi, resulting in random output
power fluctuations after the combiner. This is of course expected, since without phase control,
time-varying random constructive or destructive interference occurs between the channels.
Using a feedback loop sct to maximize the output power forces the channels to interfer:
constructively. The fecdback signal contains the phase error information for cach of the three
of the channcls with PZT modulators (the phase emor is with respect to the fourth, ic
reference, channel). The phase error signals are individually extracted with three separate
feedback electronic signal processing units and the appropriate error canceling signals sent 1o
the phase controllers, using the so-called LOCSET scheme, described in more detail further in
the text.

2.2 Equalization of parallel-channe! oprical paths

Coherent combining of ultrashort optical pulses requires not only robust phasing, but also
accurate matching of the group delays between parallel channels, so that the combined pulses
an: exactly overlapped in time. Errors in timing cause both pulse diswortions and a loss in
combining efficiency. In practice, acceptable group-delay errors should be much smaller than
the pulse duration, and for femiosscond pulses should be on the order of few micrometers
Achieving such fiber length accuracy by simply cutting the fiber is not practical. Instead, an
arrangement for adjustable fiber length control should be used Implementing adjustable
length control in an array consisting of a large number of parallel channels has to be compact
and cost-cffective to manufacture. With this practical constraint in mind, we demonstraic an
adjustable and compact delay line built using standard single-mode fiber based micro-optical
components. The schematic of this arangement and its 3D rendering is shown in Fig. 2. The
adjustable delay line exploits the non-reciprocal nature of a fiber circulator. An input pulsc is
senl into port 1 of a fiber circulator, it then travels out of port 2 with a spliced-on fiber
collimator, and in free space propagates over a varisble kength (Le. the delay) before being
retro-reflecied back into port 2 with a mi ptic mirror. of the doubl

delay in this amangement has been achicved with a compact micro-optical lincar translation
stage, After coupling back through the collimator into the singk-mode fiber of port 2 the
delayed pulse passcs irculator the sccond time and due to the circulator non-reciprocity is
directed out of port 3. This configuration was sckected since it minimizes the number of free-
space degrees of freedom need for signal back-coupling adjustment—aonly two angular

mirror

translation
stage i fiber

collimator

fiber circulator

Fig. 2. Schematic and 30 rendering of the micro-opéic delay line.
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Margus Pedaste

* Professor of
technology education
at the University of
Tartu

* \What research does he
focus on?
— Inquiry learning
— Educational technology
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Inquiry learning

» Learning to think like a scientist
(not only learning what a scientist knows)
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Inquiry learning
» Learning to think like a scientist
(not only learning what a scientist knows)

US008399155B1

a2 United States Patent (o) Patent No.:  US 8,399,155 B1
Siiman et al. (45 Date of Patent: Mar. 19, 2013
{54) PRODUCTION OF HIGH EFFICIENCY 26 Inventors: Leo A. Siiman. Davie, FL (US); Julien
DIFFRACTIVE AND REFRACTIVE OPTICAL 3,2 ‘ 1. .
ELEMENTS IN MULTICOMPONENT GLASS :;-? Lumeau, Orlando, FL (US); Larl.ssa
BY NONLINEAR PHOTO-IONIZATION T Glebova, Orlando, FL. (US); Vadim L.
FOLLOWED BY THERMAL DEVELOPMENT 3.9 Smirnov, Orlando, FL (US); Leonid B.
4,0
{73) | Inventors: Leo A. Siiman. Davie, FL {L15); Julien 4.0 Glebov, Orlando, FL (LIS)
Lumean, Orlando, FL (US); Larissa i: )
Glebova, Orlando, FL. (US); Vadim L. 44 Assignee: University of Central Florida Research
Smirnov, Orlando, FL (US); Leonid B. 4,5 Fuundation, IIIC., Orlando, FI, (US)

http://www.google.com/patents/US8399155
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Inquiry learning cycle
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Margus Pedaste, Mario Maeots, Leo A Siiman, Ton de Jong, Siswa A. N. van
Riesen, Ellen T Kamp, Constantinos C Manoli, Zacharias C Zacharia, Eleftheria
Tsourlidaki. (2015). Phases of inquiry-based learning: definitions and inquiry cycle
Under review process in the journal Educational Research Review
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Go-Lab project
* Web-based learning environment

* Opens up online science laboratories/
remote and virtual labs for the large-scale
use in education

* Inquiry learning, personalized experiments

http://www.go-lab-project.eu &
http://www.golabz.eu
| LAB
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Go-Lab example

http://lingid.ee/quppy
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Ark of Inquiry project

* Oriented towards raising youth awareness to
Responsible Research and Innovation
through Inquiry Based Science Education

http://www.arkofinquiry.eu
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Inquiry proficiency levels

INQUIRY PHASE Structured Guided inquiry Open inquiry
inquiry

Uy

Orientation Prescribed Prescribed Not prescribed
problem problem space
Conceptualisation Prescribed Prescribed Not prescribed
hypotheses/ hypothesis model
research or structure
questions
Investigation Prescribed Not prescribed Not prescribed
experimental
methodology
Conclusion Not prescribed Not prescribed Not prescribed

Discussion Not prescribed Not prescribed Not prescribed
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The role of teachers

* Accustomed to assigning students prescribed
problems and having them practice routine
prescribed procedures

» But students are capable of defining their own
problem, search for a solution and learning via this
process

* The teachers role is to support student self-
regulated learning and providing expert feedback

We should give students
fishing poles, not the fish!
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New 3D technology comes
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3D-printers in Estonian schools
February 6, 2014

f)petaj ate Leht

Avaleht | Varske! iiv | Toimetus
| ULDHARIDUS
201I2. aasta viimase . . .
paberlehe lood 3D-printer on koolitunnis saanud reaalsuseks
Alusharidus 6. veebruar 2014 Sirje Parismaa - Kommenteeri artiklit
Arvamus .. . . . . -
o Tartu Tamme giimnaasium on esimese Eesti koolina vétnud
Eluja inimesed tehnoloogia dppesuuna tundides kasutusele 3D-printeri. 4. veebruaril
Elupilt toimunud tehnoloogia minimessil said seda seadet ja muid
Erilehed insenerimbtte loovaid lahendusi katsetada ka teiste suundade
Koolireis oppurid ning saali pistis nina algklassilapsigi.
Kultuurisiindmus Tavatundide asemel toimusid robootika, mudellennunduse.
Loodusharidus digiandmekogujate kasutamise loodusteaduslike katsete toGtoad.

Tegutsesid leiutajad, proovida sai veebip@hist vastamissisteemi, QR-koodi
rakendamist Oppetads, arvutiga juhitavat tikkimismasinat.

Muuseumipedagoogika

Riigikaitse Tartu Tamme gimnaasiumi Gpetaja

Taienduskoolitus Tiiu Laan naitab akadeemik Ene Direktor Vallo Reimaa sénul on kool ostnud tehnoloogiasuuna dppetooks

Tt Ergmale Gpilaste katsetusi vajalikku nuddisaegset aparatuuri teenitud omavahenditest, et muuta
3D-printeriga. Tagaplaanil .imeseade”  dppimine intri i

Fotouudis - P g gap &ppimine intrigeerivaks.

http://opleht.ee/13236-3d-printer-on-koolitunnis-saanud-reaalsuseks/
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What is 3D-printing?

http://lingid.ee/3Dprinting
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United Kingdom study

October 2013
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3D printers in
schools: uses in the
curriculum

Enriching the teaching of STEM and design
subjects

October 2013
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United Kingdom study

October 2013

“... 3D printers have
significant potential as a
teaching resource and can
_ _ have a positive impact on
o wetsintne | PUPH engagement and
curriculum learning if schools can
Enriching the teaching of STEM and dssign master how to use the
. printers in an effective and
meaningful way.”
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Why can 3D technology
improve education?
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Importance of spatial ability

Spatial Ability for STEM Domains:
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Psychological Knowledge Solidifies Its Importance

Jonathon Wi, David Lubinski, and Camilla P. Benbow
Vaaterhill University

The irsperiznce of sl shifity in erbcationsl puvsia asd the week] of werk wa il wih

el rmsherspte!) deemaien
S high schools (Crades 9-12, ¥
™

'\_|Mwh\-lr

Krpeords: s abiity, b marchs, lomgitadil siady, STEM, comstructivs replacation

englaceriag, 1nd malbemafics) coniribuiors, Bose individugls ca-
pehle of moving esgineeriag nd physical scieace: dlsciplises
Torwand. Hirwewes, in (heir review Seper and Hachrch siressed
thal sliribuies heyoed spatial ahility—mathemsfical shisty in par-
ticular, 5 wel 25 dnieresis i 00niisflctsnd de eI SLCh
25 persisience —shoulil be sndled slso. They forther voload fhal
“longiisdiael sudles beplaing 3l 3 relaresy eaty o a6 ex-
tenchiag, over & period of some 10 10 15 peirs seemed catied (o
{Seper & Rachrach, 1957, p. 7). This sndy ssqeeaces two such
longiisdial sudes: oae [Pom 1960 0 1974 aad 3 seoond dhal
begas b 1971 end & sUE ongoea,

Contemgorry Neglect of Ukilizing Prychological
]\.wwledge Aboul Spatial Ablity

o0 o ik AT 15 Lhat Samvsedly, over 50

and 0
1 o spatial ahisy |5 found Mr sedecting, cumcukim,
and instruction In aducatonad H‘]"‘z! even la STEM domains,
where Il eppears i be highiy relevan. This seglect bs especially
suprisiag 35 we lve |0 2 globaly compeBtive word (Friedmas,
3015, nad lhe nestt o Idetily end suriire scienBflc aad lecheical
talend hes never beea greaier (American Compeiilvesess hlils-
thve, 206, Maflossl Acsdenry of Sclences, HIC5). Indesd, with
plesty of evidence Tor te educalionslnocepaBioesl sigeificasce
of spatlal ahilly accemelsied {Ciohm, Humphweys, & Yan, 1998,
Hemphreys, Lublaskl, £ Y 7% Lohman, [93F, 1904a
1994; Smilh, 1964), Richen! E. Soow (199 expressed pemier.-
ity aboet the neglect of spailsl abdily In spplled edscationsl
ciicles:

There in pondd cwidence i [apuind shiliity] oolsien o mpocalmed
achisrvamrts in fickds zach m anchifockurs, derdirky, cnginoerng, and
mafen: ..(;nnm;lumiwmm_v\;.vmn
the reke of viraslirstios inaziertife damvery, . 3 ineitle fu

11-year longitudina
study

igh school
students in the US
N=400,000

Wai, J., Lubinski, D., & Benbow C. P. (2009). Spatial Ability for STEM Domains:
Aligning Over 50 Years of Cumulative Psychological Knowledge Solidifies Its
Importance. Journal of Educational Psychology, 101, 817-835.
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Importance of spatial ability
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Wai, J., Lubinski, D., & Benbow C. P. (2009). Spatial Ability for STEM Domains:
Aligning Over 50 Years of Cumulative Psychological Knowledge Solidifies Its
Importance. Journal of Educational Psychology, 101, 817-835.
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Developing spatial skills
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« Spatial ability can be

improved through
practice

Improved spatial
ability helps female

students persists in
engineering studies

Sorby, S. A. (2009). Educational research in developing 3-D spatial skills for
engineering students. International Journal of Science Education, 31(3), 459-480
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Research problem

Spatial thinking is the start of
successftul thinking and problem
solving. Skill in spatial thinking is
presumed throughout the K—12
curriculum but is formally and
systematically taught nowhere.
This leads to an educational blind
spot.

(National Research Council, 2006,
p. 131)

National Research Council (2006). Learning to Think Spatially—GIS as a Support
System in the K-12 Curriculum. Washington DC: The National Academies Press.
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Visualization in learning

L.H. Tyler, A Treatiste V.J. Ostdiek, D.J. Bord, Next-generation
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ICT student dropout
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A Review of Interventions to Recruit and Retain
ICT Students

Leo A. Siiman, Margus Pedaste
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Absmacr—This amicle Teviews amnd mmalyses the
educational research literamre interventions to

commmmications technolozy (ICT) srudenss. The results
show st fies chumges i3 Compung pedsgogy
hsrscrerize successful

offer promising ways io atiract and prepare more people

effectiveness measured Interventions were arranged mto
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computing amons secondary schools smdeats, whereas
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ches that emerzed fom an analysis of fhe
successful interventions were: (1) visnal programming
enviroaments to teach muoductory programming, (2)

compuring, and () megration of smserdisciplinary
knowledge to atract smdents from diverse disciplines.
This review draws sttention o inmovative teaching
practices currently shaping computer science education
Wider adoption of fhese pedagogical strategies has fhe
potential to significantly increase the number of qualifisd
ICT professionsls
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for careers in ICT. The most imponant selection critenion.
considered when choosing papers to review was that
interventions bed been tested i pracice and themr

interventions described imitiatves 1o motvae interest i
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L INTRODUCTION

The ICT (information and communications technology)
sector across the world is considered 1o be ortant
penerator of jobs end economic opportunity. Broadly
speaking, ICT encompasses computer-related disciplines
and is distinguished by an emphasis on creation, not just
use, of computing techuology. Howaver, an estmated
shomage of qualified ICT professionals in places like
Auwsmalia [1], Canada [2], Europe [3], and the United
Stares [4] has stied concern in developed nations thar
unfilled ICT jobs will dimimish their economic
competivensss. The rate of degress zranted 1o compurine-
relsted majors in the US. is currently inadequate o
satisfy the pradicted growd m the ICT workforce [5]
Thus there is 3 need to increase the Tumber of smdeas
pursuing ICT smdies

In addidon, there are worTies that incoming nniversiyy
students are ill-equipped to leam computing dne to poor
preparation at sacondary schoals. A smiy amalysing K-12
computer science education between 2005 and 2009
reported a decline in the numbsr of sdvanced placement
computing classes offered st high schools [6] Recently,
the world's lugest sofware :mpm—\nmmﬁ
Corporation—warned that K-12 smdenss i
insufficiently prepared to pursue careers ml:nmpmmg[ 1
The apparent wesk state of computing educarion at
secondary schools and the umderproduction of
computing-relsted degrees at the higher sducation level
requires that the educstional commumty fnd and

increase the recruitment and retention of mformation end

L. Modern Education and Computer Science, 2014, 3, 45-54

What have been effective
iInterventions to prevent
ICT university student
dropout?

Leo A. Siiman, Margus Pedaste, Eno Tonisson, Raivo Sell, Tomi Jaakkola, Dimitris

Alimisis.

2014). "A Review of Interventions to Recruit and Retain ICT Students”

IJMECS, 6(3), 45-54. http://www.mecs-press.org/ijmecs/ijmecs-v6-n3/[JMECS-V6-

N3-6.pdf
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Computer programming is difficult when
introduced first in text-only format

def add5 (x):
return x+5

def dotwrite(ast):

nodename = getNodename ()
label=symbol.sym name.get (int (ast[0]),ast[0])
print ' %s [label="%s' % (nodename, label),

if isinstance(ast[1l], str):
if ast[l].strip():
print '= %s"];' % ast[1l]
else:
print '"]'
else:
print '"];'
children = []
for in n, childenumerate(ast[1l:]):
children.append (dotwrite (child))
print ,' %= —-> {' % nodename
for in :namechildren
print '%s' % name,

http://commons.wikimedia.org/wiki/Category:Python (programming language)#mediaviewer/
File:Python add5 syntax.svqg
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Visual programming languages

Scratch
R - Alice 3D

. enn Alice 3emupp ns/Alice3Beta/appli cts/templa ;c.‘
":LL’,Z{’_;’J'_"_‘Q‘._:‘[ @ | save as || share: | f gggggggg | [ Extras | [ want nelpz | 4 FishChomp 5 ‘{ count I while I ﬁx u| H “E
Py A ue

O run

declare procedure I on class | MyScene |
o In order

drop statement here

B S[En_;]_.]

http://www.cs.duke.edu/csed/alice/alicelInSchools/workshop11/alice3/CodeXEditor.png
http://www.engagingeducators.com/blog/wp-content/uploads/2013/10/scratch-01.jpg
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Visualization in learning

L.H. Tyler, A Treatiste V.J. Ostdiek, D.J. Bord, Next-generation

CHAPTER XIV.

GRAVITATION.
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Smithsonian Institute models

http://3d.si.edu
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Biodigi project
* Creating new digital learning materials for
upper secondary school biology course

» Variety of formats: electronic worksheets,
digital audio files, digital videos, Scratch-
based programming models and online
interactive 3D models

http://biodigi.edu.ee



http://biodigi.edu.ee/

Blender — 3D freeware



http://www.blender.org/

M UNIVERSITYoTARTU

Roboxtex 2014 workshop

 Workshop to use a
3D-scanner and
later work with the
digital 3D-model In
Blender

e 22 participants
(aged 7 to 58)
* Questionnaire data

collected and being
processed
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What else does a
3D future promise?

Eric Platt. (2012). A Bunch Of Models Rocked Google Glasses At New York Fashion Week.
Business Insider, September 10, 2012. Photo: Frazer Harrison/Getty Images

http://www.businessinsider.com/google-glasses-diane-von-furstenberg-2012-9?op=1
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Estonian 3D company GrabCAD

C2rR/IR Uudised Otse TV&Raadio Arhiiv Pood Veel Uldinfo

16. september 2014

I.llldlEEd.El'r.EE EESTI ARVAMUS MAJAN

Eesti start-up GrabCAD miiiidi vaidetavalt 100 miljoni
dollari eest

arilk: Majandus
Nasdaqi borsil noteeritud 3D printerite ja
printimislahenduste tootja Stratasys ostis

Largest Estonian
startup acquisition
since Skype
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Conclusion

* |tis important to make careers in the STEM fields
attractive and prepare students with scientific
inquiry thinking skills

 New 3D technologies are promising tools to help
develop fundamental abilities (e.g. visualization
skills, spatial ability) students need to succeed in
STEM subjects

« Education research is needed to examine the
effectiveness of teaching and learning with new
3D technologies
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Estonian National Curriculum

* |nquiry learning
Secondary school students are required to complete an
research or practical project work

To help better direct student research work teachers need
to understanding scientific inquiry

* Digital competence (general competence)

Digital competence means readiness to use digital
technology to cope in a rapidly changing knowledge-based
society when working, studying, acting and communicating
as a citizen.
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Research problems

 What STEM concepts and practices are
learnt better through 3D learning activities
than by traditional approaches?

« How to measure and assess the
outcomes of 3D learning experiences?

* How does 3D learning affect student long-
term attitudes towards STEM and their
likelihood of choosing a STEM career?
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The Centre for Educational
Technology at the University of Tartu

« Expertise in designing and S
developing materials and A
methods to improve digital and

technological literacy

* Professional pre-service and in-
service courses for teachers,
school-leaders, university
lecturers

* Advancing education research
iIn Estonia, in Europe and
around the world

Director: Margus Pedaste
Team members: 13

http://haridustehnoloogia.ut.ee
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Thank you for your attention!
Tanan kuulamast!

Leo Siiman
leo.aleksander.siman@ut.ee
leo.siiman@ut.ee
leo@ut.ee

http://haridustehnoloogia.ut.ee
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