
Exploring how students use sandbox software to move 
between the physical and the formal

Physical Domain
   (physical ramp)

Formal Domain
   (graphs and equations)

Semi-formal Domain

Students explain how they want
to rotate a rectangle in Algodoo
by pointing to a part of the 
physical ramp setup

Students demostrate where they
want to position the y-axis (x=0) 
of a graph by pointing to the
objects in the Algodoo scene

Convince us of the relationship between (1) the height above the 
table from which the puck is released to roll down the ramp and (2) 
the horizontal distance from the edge of the table which the puck 
travels before hitting the ground.

We make use of the concept of semi-formalisms to examine 
how the digital sandbox sofware, Algodoo, was used in an iso-
lated physics activity and suggest how the use of open-ended 
software such as this can aid in students’ mathematization by 
functioning as a means for modeling.

Students clarify how to read a 
graph by gesturing to a distance 
at the end of the table in the
physical setup 

PHYSICAL PHENOMENA
(Real objects and processes)

Re
pr

es
en

ta
tio

n

In
te

rp
re

ta
tio

n

FORMALISMS
(Models)

NEWTONIAN WORLD

PHYSICAL WORLD

SEMI-FORMALISM
(Digital learning environment)
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Formal    Semi-formal

Pairs of students were asked to use 
Algodoo and a physical setup (con-
sisting of a hockey puck, a ramp, and 
woden blocks on a table) to answer 
the following prompt:

Formal    Physical

Physical    Semi-formalAn iPad goes here.
Access the video here:

https://youtu.be/q5hAYy-dpPU

elias.euler@physics.uu.se
+46 073 242 6697
Digital version of poster here: 
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dimensionality and varied levels of 
mathematical abstraction, the stu-
dents made use of all three domains to 
construct a mathematized version of 
the physical phenomena. 

During the activity, students created a digital model in 
Algodoo to check their intuitions about the physical situ-
ation. We show three exchanges (in the video above) 
that occurred during this process to highlight instances 
where the students moved between the domains to 
make meaning.

To the right, we include a
version of Hestenes’ visual-
ization  of the relationship
between the physical world
(bottom) and the collection
of models used within the

Newtonian tradition (top), which we have 
modified to include our interpretation of 
where a semi-formalism would exist (right). 

DiSessa  suggested that semi-formalisms could provide alternative 
access to the formal, mathematically rigorous ideas used in physics in a 
manner which is similar to students’ experiences of the physical world.

We suggest that software like Algo-
doo could be used as an object for 
discussing the role of modeling in 
physics and even the epistemological 
issues  surrounding the use of com-
puter-generated models in the prac-
tice of science. 

(Algodoo)
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