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Outline 
• Who am I? What is my background? 
• What am I 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? 



Who am I? 

University of Florida 

BA Computer & Electrical 
Engineering, 1997-2001 



Laser Institute, Orlando, Florida 

PhD laser physics, 
2003-2008 

Who am I? 

University of Florida 

BA Computer & Electrical 
Engineering, 1997-2001 



Creative hobbies 



Complex laser experiments 



Complex laser experiments 



Communicating ideas 

Leo A. Siiman, Wei-zung Chang, Tong Zhou, and Almantas Galvanauskas. (2012).  
Coherent femtosecond pulse combining of multiple parallel chirped pulse fiber 
amplifiers. Optics Express 20, 18097-18116. 
http://www.opticsinfobase.org/oe/abstract.cfm?URI=oe-20-16-18097  

http://www.opticsinfobase.org/oe/abstract.cfm?URI=oe-20-16-18097


Digital publications 



Interactive e-content 

http://lingid.ee/InteractivePDF   

http://lingid.ee/InteractivePDF


Margus Pedaste 
• Professor of 

technology education 
at the University of 
Tartu 



Margus Pedaste 
• Professor of 

technology education 
at the University of 
Tartu 

• What research does he 
focus on? 
– Inquiry learning 
– Educational technology 



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

Inquiry learning 



Inquiry learning 

http://www.google.com/patents/US8399155 

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



Inquiry learning cycle 

Margus Pedaste, Mario Mäeots, 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  

http://www.go-lab-project.eu/
http://www.golabz.eu/


Go-Lab example 

http://lingid.ee/guppy   

http://lingid.ee/guppy


Ark of Inquiry project 
• Oriented towards raising youth awareness to 

Responsible Research and Innovation 
through Inquiry Based Science Education 

http://www.arkofinquiry.eu  

http://www.arkofinquiry.eu/


Inquiry proficiency levels  
INQUIRY PHASE Structured 

inquiry 
Guided inquiry Open inquiry 

Orientation Prescribed 
problem 

Prescribed 
problem space  

Not prescribed 

Conceptualisation Prescribed 
hypotheses/ 

research 
questions 

Prescribed 
hypothesis model 

or structure 

Not prescribed 

Investigation Prescribed 
experimental 
methodology 

Not prescribed Not prescribed 

Conclusion Not prescribed Not prescribed Not prescribed 

Discussion Not prescribed Not prescribed Not prescribed 



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! 



New 3D technology comes 
to school 



3D-printers in Estonian schools 

http://opleht.ee/13236-3d-printer-on-koolitunnis-saanud-reaalsuseks/  

February 6, 2014 

http://opleht.ee/13236-3d-printer-on-koolitunnis-saanud-reaalsuseks/


What is 3D-printing? 

http://lingid.ee/3Dprinting   

http://lingid.ee/3Dprinting


United Kingdom study 
October 2013 



United Kingdom study 
October 2013 

“… 3D printers have 
significant potential as a 
teaching resource and can 
have a positive impact on 
pupil engagement and 
learning if schools can 
master how to use the 
printers in an effective and 
meaningful way.” 



Why can 3D technology 
improve education? 



Spatial ability 

A     B    C 



Spatial ability 

A     B    C 



Importance of spatial ability 

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. 

• 11-year longitudinal 
study 

• High school 
students in the US 
(N=400,000) 



Importance of spatial ability 

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. 

The best researchers 
in science, 
technology, 
engineering and 
mathematics (STEM) 
have a high level of 
spatial ability 



Developing spatial skills 

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

• Spatial ability can be 
improved through 
practice 

• Improved spatial 
ability helps female 
students persists in 
engineering studies 
 
 



Research problem 

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

Spatial thinking is the start of 
successful 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) 



Visualization in learning 
L.H. Tyler, A Treatiste 
on Astronomy (1837) 

V.J. Ostdiek, D.J. Bord, 
Inquiry into Physics (2011) 

Next-generation 
learning content 

mostly text 
text +  
ample use of 
pictures 

??? 

??? 



ICT student dropout 

Leo A. Siiman, Margus Pedaste, Eno Tõnisson, 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/IJMECS-V6-
N3-6.pdf  

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

http://www.mecs-press.org/ijmecs/ijmecs-v6-n3/IJMECS-V6-N3-6.pdf
http://www.mecs-press.org/ijmecs/ijmecs-v6-n3/IJMECS-V6-N3-6.pdf


Computer programming is difficult when 
introduced first in text-only format 

http://commons.wikimedia.org/wiki/Category:Python_(programming_language)#mediaviewer/
File:Python_add5_syntax.svg  

http://www.ultraedit.com/assets/images/environments/programmer.png
http://www.ultraedit.com/assets/images/environments/programmer.png


Visual programming languages 

Alice 3D 
Scratch 

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



Visualization in learning 
L.H. Tyler, A Treatiste 
on Astronomy (1837) 

V.J. Ostdiek, D.J. Bord, 
Inquiry into Physics (2011) 

Next-generation 
learning content 

mostly text 
text +  
ample use of 
pictures 

??? 

??? 



Smithsonian Institute models 

http://3d.si.edu   

http://3d.si.edu/


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   

http://www.blender.org/


Roboxtex 2014 workshop  
• Workshop to use a 

3D-scanner and 
later work with the 
digital 3D-model in 
Blender 

• 22 participants 
(aged 7 to 58) 

• Questionnaire data 
collected and being 
processed  



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  

http://www.businessinsider.com/google-glasses-diane-von-furstenberg-2012-9?op=1


Estonian 3D company GrabCAD 

16. september 2014 

Largest Estonian 
startup acquisition 

since Skype 



Conclusion 
• It is 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 
 



Estonian National Curriculum 
• Inquiry 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.  



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? 



The Centre for Educational 
Technology at the University of Tartu  

• Expertise in designing and 
developing materials and 
methods to improve digital and 
technological literacy 

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

• Advancing education research 
in Estonia, in Europe and 
around the world 

Director: Margus Pedaste 
Team members: 13 
http://haridustehnoloogia.ut.ee  
 

http://haridustehnoloogia.ut.ee/


Thank you for your attention! 
Tänan kuulamast! 

 

Leo Siiman 
leo.aleksander.siiman@ut.ee  

leo.siiman@ut.ee  
leo@ut.ee  
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