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How does astronomical 
objects look like in 3D?

-What do university students and professors report 
on dimensionality (depth) when looking at 
different 2D and pseudo-3D representations 
(images vs. simulations)? 
-In what ways may simulations help in discerning 
depth? 



Background
•Learning astronomy is challenging!  
  
• In astronomy: 

• Few direct observations possible by eye. 
• No experiments possible… 
• Information gathered using telescopes and camera/

spectrometers 
• Using this information astronomers make representations. 
• Used for research, teaching and learning astronomy.  

• Students learn about the universe from these representations,  
made by astronomers for particular purposes!  

Learning 
Astronomy

Representations

ObservationsTelescopes



Theoretical framing: 
– A Social Semiotics approach for understanding  

teaching and learning astronomy 
Representations, 
tools and 
activities: 
• Graphs,  
• Diagrams,  
• Sketches,  
• Figures, 
• Mathematics, 
• Specialist 

language,  
• Animations, 
• Gestures, 
• ”Images”, 
• Simulations, 
• Etc.

Airey, J., & Linder, C. (2017). Social Semiotics in University Physics Education. In D. F. Treagust, R. Duit, & H. E. Fischer (Eds.), Multiple 
Representations in Physics Education (pp. 95-122). Cham: Springer International Publishing.

• Social semiotics - The study of the development and 
reproduction of specialized systems of meaning making in 
particular sections of society.  

• Focuses primarily on group meaning making (Airey and 
Linder 2017).   

• Starting point: the ways in which professionals make and 
share meaning using semiotic resources. 

• All communication in a particular social group is viewed as being 
realized through the use of semiotic resources.  
The meaning assigned to these semiotic resources are 
negotiated within the social group itself and they have often 
developed over an extended period of time.



Learning Astronomy 
  

Being able to communicate and 
appropriately us  

disciplinary semiotic resources



Nice theory, but what does it take? 
  

Disciplinary Discernment

Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014). Who needs 3D when the Universe is flat? Science Education, 98(3), 31.
Eriksson, U. (2014). Reading the Sky - From Starspots to Spotting Stars. (Doctor of Philosophy), Uppsala University, Uppsala. 
Eriksson, U. (2019). Disciplinary discernment: Reading the sky in astronomy education. Physical Review Physics Education Research, 15(1), 010133.



 Disciplinary Discernment

Airey, J., & Eriksson, U. (2019). Unpacking the Hertzsprung-Russell Diagram: A Social Semiotic Analysis of the Disciplinary and Pedagogical Affordances of a Central Resource in Astronomy. In Z. Simpson & J. Airey (Eds.), 
Designs for Learning. Stockholm: Stockholm University Press.Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014). Who needs 3D when the Universe is flat? Science Education, 98(3), 31. 
Eriksson, U. (2014). Reading the Sky - From Starspots to Spotting Stars. (Doctor of Philosophy), Uppsala University, Uppsala.  
Eriksson, U. (2019). Disciplinary discernment: Reading the sky in astronomy education. Physical Review Physics Education Research, 15(1), 010133.

Noticing, reflecting, and creating meaning from a disciplinary perspective



The Anatomy of  
Disciplinary Discernment

Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014). Introducing the Anatomy of Disciplinary Discernment - An example for Astronomy. European Journal of Science and Mathematics Education, 2(3), 167-182.  
Eriksson, U. (2019). Disciplinary discernment: Reading the sky in astronomy education. Physical Review Physics Education Research, 15(1), 010133.

Noticing, reflecting, and creating meaning from a disciplinary perspective



What about discernment of dimensionality?
•Most of the representations used in teaching and learning are 2D. 
•The universe is 4D… 
•When viewed from Earth, the universe looks 2D… 
•The third dimension is depth. The forth dimension is time. 
•Students need to learn to Read the Sky (Eriksson 2014, 2019).  

•Students are often left to extrapolate the third and forth 
dimensions themselves in their minds: 
•Extrapolating three-dimensionality (Eriksson et al. 2014) 
•Spatial thinking competency important and under-researched. 
Found to be hard for students!   
(eg.  Eriksson 2019; Eriksson et al., 2014; Heyer et al., 2013;Hegarty, 2014;Lindgren & Schwartz, 2009; 
NRC, 2006; Plummer, 2014; Uttal & Cohen, 2012) 

Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014). Introducing the Anatomy of Disciplinary Discernment - An example for Astronomy. European Journal of Science and Mathematics Education, 2(3), 167-182.  
Eriksson, U. (2019). Disciplinary discernment: Reading the sky in astronomy education. Physical Review Physics Education Research, 15(1), 010133.



What about perception of depth?
Different types of cues are used to perceive depth in our everyday life: 

1. Stereopsis (parallax detected using two eyes). 
2. Accommodation of the eye. 
3. Overlapping of one object by another. 
4. Subtended visual angle of an object of known size. 
5. Linear perspective (convergence of parallel edges). 
6. Vertical position - objects closer to the horizon in 
the scene tend to be perceived as farther away. 
7. Haze or contrast, saturation, and color, greater dis- 
tance generally being associated with greater haze, 
desaturation, and a shift toward blue. 
8. Change in size of textured pattern detail 
9. Motion parallax 
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How does astronomical objects look like in 3D?
Does it matter for learning astronomy to 
understand the multidimensionality of 
astronomical objects? -YES! 

Disciplinary discernment from semiotic resources:  
Extrapolating three-dimensionality from 2D input 
(Eriksson et al. 2014a,b, Eriksson 2019). 

-What do university students and professors 
report on dimensionality (depth) when looking at 
different 2D and pseudo-3D representations 
(images vs. simulations)? 
-In what ways may simulations help in discerning 
depth? 

Data collected via a web survey. 

Qualitative analysis:  
–Disciplinary discernment of multidimensionality 
(Eriksson et al. 2014a,b). 

Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014a). Introducing the Anatomy of Disciplinary Discernment - An example for 
Astronomy. European Journal of Science and Mathematics Education, 2(3), 167-182. 
Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014b). Who needs 3D when the Universe is flat? Science Education, 98(3), 31.
Eriksson, U. (2019). Disciplinary discernment: Reading the sky in astronomy education. Physical Review Physics Education 
Research, 15(1), 010133. 



EXAMPLES 

Rank the different features from  
close to far



The Veil nebula



Steffen, W., Koning, N., Wenger, S., Morisset, C., & Magnor, M. (2007). Shape: A 3D modeling tool for astrophysics. IEEE 
Transactions on Visualization and Computer Graphics, 17(4), 454-465. 



Steffen, W., Koning, N., Wenger, S., Morisset, C., & Magnor, M. (2007). Shape: A 3D modeling tool for astrophysics. IEEE 
Transactions on Visualization and Computer Graphics, 17(4), 454-465. 



S: ”I simply arranged all the points based on which looked to be closest and proceeded to 
the more further points from the observer. It appears to be rotating anti-clockwise (the 
right side moves away from the observer and left side moves towards the observer). I 
think that because of the way the gas and dust appears to be moving relative to the 
observer.” 

MS: ”I think that this is some sort of simulation, due to the false colours (what would be so 
blue and red at the same time?) and the lack of stars in the background. It's very hard to 
tell the distance of the regions of this cloud/turbulent media and therefore it is also very 
hard to explain my reasoning.” 

G: ”I ordered the distances by thinking which features are obscuring the others.”  
G: ”I made my choices by spatially imagining the rotating disk”. 

P. ”What essentially motivates my reasoning is the fact that we are seeing a cloud of dust 
which is very opaque in the visible, so that any bright structure that appears on top of it is 
closer to the observer. The fact that there is now some absorption helps the brain recover 
the correction rotation direction of the object.” 
P: ”Here, the clouds are illuminated from the center and dark is closest and bright is 
furthest away.”

Sample results



Discussion
• Many participants, regardless of educational 

level, report on having difficulties in 
discerning depth. 

• Expressed differently depending on 
educational level. 

• The simulations, offering motion parallax, 
help but other cues are also used by the 
participants, such as  

• Opacity 
• Absorption 
• Obscuring 
• Coloring 
• Illumination 
• …

Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014a). Introducing the Anatomy of Disciplinary 
Discernment - An example for Astronomy. European Journal of Science and Mathematics Education, 2(3), 
167-182. 
Eriksson, U., Linder, C., Airey, J., & Redfors, A. (2014b). Who needs 3D when the Universe is flat? Science 
Education, 98(3), 31. 

The multidimensionality hierarchy



Conclusions
Many participants, regardless of educational level, report on having 
difficulties in discerning depth from both static and dynamic 
representations of nebulae:  

-> The simulations using motion parallax are not helping the 
participant as much as hypothesized.  

Differences in extrapolating multidimensionality: 
-> Disciplinary knowledge and disciplinary discernment are 
prerequisite as seen by participants use of cues other than motion 
parallax. 

Professors mainly use other cues than motion parallax, whereas 
students primarily use parallax motion for depth perception.



Implication

Eriksson, U. (2014). Reading the Sky - From Starspots to Spotting Stars.  
(Doctor of Philosophy), Uppsala University, Uppsala.

Using simulations / 3D-models by nebulae may 
help students learn about relevant aspects of the 
universe but they need scaffolding by 
experienced teachers to explain what is being 
seen. 

Train the competency to extrapolate three-
dimensionality by using increasing levels of 
disciplinary knowledge and disciplinary 
discernment, eg. by following  
the Spiral of Teaching and Learning  
(Eriksson 2014, Eriksson, in preparation). 

Planetarium and VR could be perfect 
environment for addressing these issues.  

-> More research needed here!



Summary
• Learning astronomy = learning from 

representations. 

• Extrapolating three-dimensional is difficult! 

• Motion parallax - solution or not? 
• Yes, for novices! 
• No, not so much for experts!



Thank you for discerning!
urban.eriksson@hkr.se

mailto:urban.eriksson@hkr.se

