
“Walk of the Planets”

Students' concepts of the solar system
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“Polar lights is when there is a 
Sandstorm on the Sun.”

Motivation

“The Mars is red because its full of 
lava!”

The solar system is part of many 
curricula.
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State of the art

• J. Nussbaum and J.D. Novak, An assessment of children's concepts of the earth utilizing structured 

interviews., Sci. Ed. ,(1976)

• Sneider, C.I. and Ohadi, M.M. (1998), Unraveling students' misconceptions about the earth's shape and 

gravity. Sci. Ed., 82: 265-284.

• M.S. Ubben and P. Bitzenbauer, Two Cognitive Dimensions of Students’ Mental Models in Science: Fidelity 

of Gestalt and Functional Fidelity., Educ. Sci., 2022,
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Research Questions

1. What types of mental models about the solar system do students possess ? 

2. What influences do different teaching artefacts have on these models?

1. The Human Orrery

2. Common Astronomy Education

3. ARistarchus - App
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What is a mental model?

„Mental models are individual types of mental modal 

patterns (shape) that have a functional potential 

(functionality) and are based on external experiences."

Ubben(2020, p. 14)
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Mental Models ( The Glimpse that we can get)

Two Core Aspects

1. „Gestalt“ Colourful discs on lines Colourful discs on lines
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Mental Models ( The Glimpse that we can get)

Two Core Aspects

1. „Gestalt“ 

2. Functionality

Colourful discs on lines

------

Colourful discs on lines

movement, size difference, 
ratios(of years)
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Methodology

Pilot Test:

• Approx. 100 students

• Only Gestalt

Main:

• Approx. 350 students so far, (500-1000 intended)

• Gestalt and functional fidelity

• Different countries and school types

• Younger students due to unfinished models
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Methodology 

Pilot Study: (N=100)

• Pre-Test -> Intervention of 3-4 sessions a 45-90min -> Post-Test

Main 1: (currently N=350, estimated N=500-1000)

• Pre-Test -> Session 1 and 2 -> Int-Test  -> Session 3 (and4) -> Post-Test

• Int-Test introduced to verify influence of Sequences 1 and 2

Main 2: (unknown N)

Potentially with added AR- App
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Intervention (Human Orrery)
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Intervention
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The questionnaire
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Results

1. What mental models exist?

2. What are the influences of artifacts… – (in progress)
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What mental models exist?
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What mental models exist?

But how do we make this comparable?
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What mental models exist?     It is not as easy as we thought!

2.    Multiple

Categories 
won’t work

Too many 
edge cases

Distribution

Hierarchy

Complexity

Prettiness

Functionality

DHCPF
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Distribution

• 0: Straight Line

• 1: “Pearl string”

• 2: < 45°

• 3: < 90°

• 4: < 180°

• 5: 360°
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Hierarchy

• 0: No Order

• 1: Sun assumes a role of importance

• 2: All planets are on one Orbit

• 3: Multiple planets per Orbit

• 4: Differentiation between inner and outer planets

• 5: One planet per Orbit
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Hierarchy

Post

Pre

N = 172
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Functionality

• F0: No movement drawn or written

• F1: Only earth moves

• F2: All planets possess the same angular speed >0

• F3: The planets move at different speeds

• F4: The planets move “slower” the further away

• F5: There are specific ratios to the planet’s angular speeds
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Functionality

• 0: No movement

• 1: Only Earth

• 2: All same angular speed

• 3: Different angular speed

• 4: Slower the further

• 5: Specific ratios

• 0 in the Post test likely 

attributing to “laziness”

N  = 100
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Amount of Planets

• Own research or influence of 

the teacher? 

• “Negative” Influence on 

students resulting in a “peak” 

at 4 planets.
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The Moon

• Moon taught to be not visible 

on the orrery

• Goes hand in hand with other 

details also vanishing from the 

drawing towards the post test
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Pluto

• Unusually high occurrence of Pluto.

• More likely to be mentioned than all 

8 planets.
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Lookout and Questions

How do the models progress?

• with age

• with intervention

Is there a correlation between functionality and gestalt (in the development)?

28

Maximilian Alexander Loch    WCPE 2024 Krakow



Thank you for your attention!

Maximilian Alexander Loch    WCPE 2024 Krakow
maximilian.loch@uni-muenster.de
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