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Abstract 
 

By the use of a method based on the grounded theory method, I have analysed two sets of video 

recordings of students’ free exploration of the 2D-physics simulation software Algodoo. The 

first set of recordings involved college students from Colorado and the second set of recordings 

involved Swedish university students studying to become teachers of mathematics and physics 

at the level of upper-secondary school. Through my analysis, I discerned three types of 

meaningful activities that the students engaged in: namely, (1) exploration of the software 

fundamentals, (2) testing and contrasting and (3) engineering. During exploration of the 

software fundamentals, the students discovered and learned about the tools of Algodoo and 

some of the basic interactions of the objects of Algodoo. During testing and contrasting, the 

students investigated the software’s’ framework and limitations as well as the nature of 

different kinds of objects. During engineering, the students constructed models, often machines. 

Sammanfattning 
 

Genom användandet av en metod baserad på the grounded theory method har jag analyserat 

videoinspelningar av studenter som fritt utforskar ett 2D-fysiksimuleringsprogram kallat 

Algodoo. Videoinspelningarna var dels av college elever från Colorado samt 

ämneslärarstudenter, i matematik och fysik, från ett svenskt universitet. Genom min analys har 

jag urskiljt tre typer av aktiviteter: (1) exploration of the software fundamentals, (2) testing and 

contrasting samt (3) engineering. Vid aktiviteter av typen exploration of the software 

fundamentals upptäcker studenterna olika i programmet inbyggda verktyg samt grundläggande 

interaktioner mellan objekt samt mellan objekt och omgivning. Vid aktiviteter av typen testing 

and contrasting utforskar studenterna mjukvarans ramverk och begränsningar, samt de olika 

objektens beteenden och egenskaper. Vid aktiviteter av typen engineering konstruerar 

studenterna ofta någonting och i synnerhet maskiner av olika slag. 
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Introduction 
 

Outline 
In this study I have qualitatively analysed two sets of video and audio recordings of students 

utilising the 2D-physics simulation software Algodoo (http://www.algodoo.com/). Unlike 

many other physics simulation software, Algodoo is more of a sandbox type enabling open-

ended exploration of physics. More about Algodoo and how it can be viewed as what Papert 

(1980) called a physics microworld can be found in the section Algodoo. My method for the 

analysis of the data was based on the grounded theory method (GTM). The main idea of the 

GTM is that it is an inductive method were the researcher begins his or her study without 

having formed any hypothesis prior to the analysis. The results or findings of the study could 

then be said to be stemming or to be grounded in the data. More about the GTM and my 

application of it can be found in the sections Methodology and Application of the Grounded 

Theory Method. In order to be more transparent about the work process of my study, I have 

included my notes from my analysis of the data in the Appendix. The two sets of recordings 

involved college students from Colorado (USA) and Swedish university students studying to 

become teachers of mathematics and physics at the level of upper-secondary school. No 

participant had any experience of Algodoo prior to the recordings. More about the data can be 

read in the section The Data. 

In the section Findings I present three types of meaningful activities that I discerned from the 

data. The three types of activities are (1) exploration of the software fundamentals, (2) testing 

and contrasting and (3) engineering. During exploration of the software fundamentals, 

students explored and learned about some of the tools of the software and they also got some 

basic feeling or understanding of how different objects (springs, gears, polygons and more) 

behave and interact with each other and the environment. During testing and contrasting, the 

students investigated the software’s framework, its limitations and its ability to represent the 

physics of the real world. Through testing, modification and retesting the students learned 

about Algodoo and the nature of its objects. For example, one pair of students could after 

some testing conclude that it is not possible to break objects within Algodoo and another pair 

were successful in piercing a “sponge” with an arrow by decreasing the density of the 

“sponge”. During engineering, students constructed models, often machines like rockets and 

cars. After a prototype with basic functionality has been created, and if they do not move on 

to another activity, the students set out to enhance the functionality of their creation or they 
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create some sort of problem or obstacle for the creation to overcome (for instance, a hill for a 

car to climb). Each type of activity is presented and exemplified through excerpts from the 

data. The section Findings is followed by a short discussion about the three types of activities. 

Context and Purpose 
The purpose of my study was to explore how students use Algodoo to explore and do physics. 

Initially, the purpose comprised inquiry in the students’ free exploration of the physics of 

Algodoo as well as their more focused task-driven activities when the students were given a 

specific task or a problem to solve by one or two researchers. After a first review of the data, 

the scope of the project was narrowed down to the inquiry in the students’ free exploration of 

the software and its modelling of physical processes. The goal became to discern any patterns 

describing the students’ use of the software when there was no clear and externally imposed 

task. For this purpose, the method of the study was set, by my supervisor and me, to be based 

on the grounded theory method. To my understanding, student’s free exploration of open-

ended physics simulation software is an area of research where not much work has been 

published. Thus, with my study I hope to offer a way of talking about students’ use if 

Algodoo during free exploration and an account of a potentially interesting area for further 

research into the teaching and learning of physics. 
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Algodoo 
 

Algodoo is a physics 2D-simulation software developed by Algoryx Simulation AB 

(http://www.algodoo.com/). One property of the software, that distinguishes it from many 

other physics simulation alternatives is that it functions like a digital sandbox, enabling open-

ended exploration of a wide range of physical phenomena. Upon pressing the play button, 

objects within a so-called scene interact with each other in accordance with Newtonian 

physics. The objects collide, glide, swing, tumble, etc. The user can also interact directly with 

the objects, for example, by dragging or throwing them. With the help of a variety of built-in 

tools the user can create their own scene – a customisable and interactive environment. The 

created scenes can be saved, shared with other users and modified. For the creation or 

modification of a scene there are built-in tools for drawing shapes and planes, for making 

springs, ropes, thruster engines, axels and even laser beams. The user can also alter universal 

physical parameters, such as gravitational acceleration and air friction, setting them at specific 

values or turning them on and off. Physical parameters such as density, friction and refractive 

index, can be set for each individual object as well. There are some pre-sets of these object 

parameters that can be accessed and modified in the Material menu. Examples of different 

material presets in Algodoo are gold, wood, stone and ice. The pre-sets also change the 

appearance of the objects. If a user draws a square with the Box tool and chooses the gold 

preset, the square’s colour changes to yellow, its density is set to 19,3 kg/m3 and its friction 

parameter is set to 0,49. The user can change the appearance of an object directly as well, 

although such changes have no bearing on the object’s behaviour. In the software there are 

also built-in tools for analysing objects and the interactions between them. For example, there 

is a plotting tool that enables the plotting of quantities, such as an object’s velocity or 

momentum, and a tracer tool for visualising objects’ trajectories in space. 

 

Algodoo was developed with a constructionist perspective on learning in mind (Gregorcic & 

Bodin, 2017) and one interpretation of the software’s function is as a learning environment 

that Papert (1980) called a microworld (Euler & Gregorcic, 2019). In developing the idea of 

microworlds, Papert drew on the ideas of his colleague Piaget, wherein an individual is the 

creator of their own knowledge (i.e. constructivism). However, Papert ascribes the culture 

surrounding the learner as a major part in learning processes, setting him aside from Piaget. 

He states that: 
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“[…] in many cases where Piaget would explain the slower development of a 

particular concept by its greater complexity or formality, I see the critical factor as 

the relative poverty of the culture in those materials that would make the concept 

simple and concrete.” (Papert, 1980, p. 7) 

and 

“[…] to say that intellectual structures are built by the learner rather than taught 

by a teacher does not mean that they are built from nothing. On the contrary: Like 

other builders, children appropriate to their own use materials they find about 

them, most saliently the models and metaphors suggested by the surrounding 

culture.” (Papert, 1980, p.19) 

 

One such example of a material provided by most cultures today is the speedometer, which 

can facilitate a student’s conceptual understanding of speed (Euler & Gregorcic, 2019). Apart 

from emphasising the lack of these kinds of materials in our culture, Papert also points out 

that there can exist cultural blocks hindering our construction of knowledge. One such 

blockage in respect to the learning of mathematics is, as Papert calls it, “mathophobia”: a fear 

and aversion for everything perceived as mathematics. This so-called mathphobia impedes the 

learning of mathematics, but only when the material is considered as being maths. Therefore, 

according to Papert, student’s learning of mathematics suffers both from a lack of the 

necessary materials in our culture and also from cultural blockages such as mathphobia. This 

explains why mathematics often is regarded as a hard subject to learn. Papert also states that: 

 

Those children who prove recalcitrant to math and science education include 

many whose environments happened to be relatively poor in math-speaking 

adults. Such children come to school lacking elements necessary for the easy 

learning of school math. School has been unable to supply these missing elements, 

and, by forcing the children into learning situations doomed in advance, it 

generates powerful negative feelings about mathematics and perhaps about 

learning in general. Thus is set up a vicious self-perpetuating cycle. (1980, p.9) 

 

However, Papert not only points out potential hindrances for learning, he also offers a 

potential solution: namely, the computer. Papert explains how computers can offer contexts or 

landscapes enriched in materials that enhance the potential for learning to take place. He 

draws on a comparison of learning the French language in France compared to learning 
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French in, for instance, a classroom. When in France, French is the language which the 

culture and the society are built upon. It is an integrated part of the very core of France from 

road signs, to the conversations in the streets and so on. In a classroom context, French is a 

superimposed language on a culture based on a different language. Since French pervades 

everything whilst you are in France, the learning comes more naturally than in a classroom. It 

is unlikely that Papert believed a student’s success in a subject depended only on increased 

exposure to that subject, because in that case all problems in learning mathematics could just 

be overcome by increasing the amount of mathematics instruction in school. The context and 

the culture need to be impregnated with mathematics in a natural and genuine way. The 

learner must take the new information and use it to make sense in a new way. Yet, perhaps 

most importantly, the learner must make it their own, i.e. construct their own understanding of 

the information and how they can use it and assimilate it to their previous knowledge of the 

world. 

 

There are cases when new information contradicts what is previously known. From a 

constructivist (Piagetian) viewpoint, new information has to be either rejected from or 

accommodated into an existing schema (i.e. the existing cognitive structure). In the case of 

there being no contradiction between the old and the new knowledge, the new knowledge can 

be peacefully assimilated into the existing schema. This perspective on learning has its origin 

in Jean Piaget’s theories on the cognitive development of children and how they create an 

understanding of our world (see, for example, (Piaget, 1952)). In physics education research, 

many studies of what often are referred to as misconceptions or preconceptions have been 

conducted, (e.g. Clement (1982, 1993), Halloun & Hestenes (1985), Hewson (1982) and 

Kaltakci-Gurel, Eryilmaz & McDermott (2016)). Often, misconceptions are seen to be 

grounded in ''common-sense'', that is, an individuals’ understanding of how physics works 

according to their every-day experiences. These misconceptions can often hinder learning and 

they are often hard to get rid of or overcome. For instance, one often-mentioned 

misconception regarding mechanics is the impetus theory, referring to the idea that a motion 

implies a force (which contradicts the first law of Newton). Clement (1982) reported that even 

after engineering students had completed a course in mechanics, the impetus theory 

misconception seemed to have persisted with only a slight improvement comparing pre- and 

post-course results. Halloun and Hestenes (1985) report similar results regarding the impetus 

theory. Papert (1980, p.121) also touches on the pre-conception that motions imply forces and 

gives the example of how, if one were to push a table setting it in motion it immediately stops 
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moving as soon as one ceases to push. Without an acknowledgement of friction as a force 

working on the table, the first law of Newton appears rather counter-intuitive. And as Papert 

puts it, this becomes a roadblock in learning Newtonian physics. Papert tells about two other 

possible restrictions intervening with learning Newtonian physics. Firstly, he states that it is 

generally thought of as a good idea to relate new information to something already known. A 

lack of any relatable prior knowledge could thus impair the potential learning processes. 

Secondly, he states that learning is benefited by working with the new information in a 

personal and playful way. For the previous to be possible, one has to get a hold of the 

Newtonian laws and apply them to some familiar material. As is the case with the previously 

mentioned example of the table, this is not easily done in the context of every-day life. It has 

to be done in some other context, and according to Papert, such contexts can be created with 

computers. He terms these contexts physics microworlds. 

 

Papert argues for computer microworlds by presenting three problems he thinks microworlds 

could solve. The first problem is the lack of ''direct experience of pure Newtonian motion'' 

(Papert, 1980, p.123). He points out that schools rather than giving a real experience, how the 

laws manifests in real life, the experience is of a formal mathematical nature. 

 

“There, movement is learned by manipulating equations rather than by 

manipulating the objects themselves. The experience, lacking immediacy, is slow 

to change the student's intuitions. And it itself requires other formal 

prerequisites.” (Papert, 1980, p.124) 

 

The prerequisite he refers to is a proficiency in using formal mathematics. However, the 

prerequisite can be avoided if the individual is introduced to a computer-based microworld 

where objects behave in a Newtonian manner. In Algodoo, this could be achieved by setting 

all friction and air-resistance to zero. This way, one can get rid of friction acting on the 

objects. In such a case, a table would stay in motion with constant velocity, even after we 

have stopped pushing it (at least until another force acts upon it). The microworld provides a 

direct experience with Newtonian motion. The second problem Papert argues microworlds 

could solve is that an individual needs a language or a sort of way of thinking about the 

Newtonian objects and their behaviour in order to conceptualise the physics. Papert compares 

it with how Newton invented his theory of fluxations (fluxations later becoming what we now 

know by the name of Calculus). Papert's idea was that a microworld could provide a 
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formalism that bypasses a requirement of knowledge in mathematics and that still gives 

individuals a way of conceptualising and describing Newtonian motion. The third problem 

that Papert argues microworlds could solve is that, in order to understand the Newtonian laws 

of motion (i.e. to make it one's own), one has to understand what kind of concept they 

constitute. And for that reason 

 

“[…] we must find ways to facilitate the personal appropriation not only of 

Newtonian motion and the laws that describe it, but also of the general notion of 

laws that describe motion. We do this by designing a series of microworlds.” 

(Papert, 1980, p.125) 

 

By moving through and exploring different microworlds, working accordingly with different 

frameworks i.e. laws of motion, the nature of the frameworks becomes more apparent and the 

understanding of them can more easily be constructed. Papert (1980, p.126) also stipulates 

three design criteria for the physical microworlds for them to enable effective learning. The 

first criterion is that the microworld should enable simple and accessible instances of the laws 

of motion. The second criterion is that the microworld should offer activities, games, art and 

more that motivates engagement in the microworld. The third criterion is that all needed 

concepts should be able to be defined within the microworld itself. 
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Methodology and Method 
 

Grounded Theory Method 

My methodology for this study was based on the grounded theory method (GTM). GTM is a 

method developed by Glaser and Strauss in the 1960s (Bryant, 2017b, p.1) with the main goal 

of founding a rigorous basis for qualitative research (Bryant, 2017a, p.11). Essentially, GTM 

is an inductive method where qualitative or quantitative data are analysed without any 

hypothesis formed prior to the analysis. The data are coded (i.e. described or broken down 

into fragments) and then the researcher searches for coding patterns or themes. The coding is 

evolved into categorisation and the categorisation is conceptualised, all through new iterations 

of analysis. The final product is a theory that has been “grounded” in the data. 

 

The results of the method (i.e. the resulting theories) are often described as “stemming” or 

“emerging” from the data. Bryant (2017a, p.2) points out that researchers using GTM have to 

take care so as not to delude any reader. If needed, it has to be made clear that the theory 

emerges from the researcher in his, or her, interaction and analysis of the data. The theories do 

not reside in the data waiting around to be excavated. Instead, they are formed in the process 

of analysis. As a result, the results of any study conducted by the use of the GTM are 

dependent on the individual researcher. Different researchers will potentially end up with 

different findings from the same set of data. I implore the reader to have this in mind when 

considering my findings. On the same note of the research being dependent on the researcher, 

and thus not inter-subjective, Bryant (2017a, p.6) points out that active phrases should be 

preferred over passive phrases when the research is reported. As for an example the phrase 'I 

analysed the data' is preferred to the phrase 'The data was analysed'. 

 

One of the key aspects of GTM that Glaser and Strauss emphasised during their establishment 

of the method is that GTM is systematic in nature (Bryant, 2017c, p.13). The main reason for 

this emphasis was to enhance GTM’s status as a rigorous way of doing qualitative research in 

a context where, reportedly, qualitative research often was viewed as inferior to quantitative 

research. Bryant (2017c, p.15) points out that by labelling the method as systematic it is not to 

be taken as mechanical or that one mindlessly follows a set of rules like an algorithm. Rather, 

the process of the research is guided by distinct activities and “rules of thumb”. By applying 

these “rules of thumb” and not strict rules, it is asserted that the method keeps a degree of 

flexibility and contextuality. 
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The first step1 in a GTM analysis of data is the coding process. This process can be seen as 

the way in which it is defined what the researcher sees in the data (Bryant, 2017d, p.6-7). 

During this step, the data is interpreted and described. The next step is the process of 

categorising. During categorising, parts of the coding are evaluated as more interesting or 

significant for further inquiry. Patterns and themes are recognised and declared as categories. 

The conditions under which the categories exist and the contexts and situations in which they 

can be recognised are described. Bryant (2017d, p.7) reports that conceptualising rarely is 

defined in discussions of GTM. However, there seems to be a hierarchy in abstraction 

between codes, categories and concepts were codes are the least and concepts the most 

abstract. Conceptualisation is often regarded as the first step in the theory building (Bryant, 

2017d, p.10). 

 

Due to the nature of theories developed through GTM, assessments of the theories’ validity – 

if validation is taken to be the grade of some correspondence to absolute truth – bear no value. 

The results of GTM have no value of truth. Therefore, when evaluating the results of research 

utilising GTM, one has to do so from a pragmatic standpoint. Results should be evaluated 

through the quality criteria grab, fit, work, and modifiability (Bryant, 2017c, p.40-44). If a 

theory has “grab” it is considered to be useful. This can come into expression, for example, if 

actors in settings that the theory aims to address easily understand it and actively put it to use. 

The theory “grabs” the attention of the actors. “Grab” could be viewed as an assessment of 

how likely it is that the theory will be put into use, or how easily it has been put to use. If a 

theory has “fit”, prerequisite knowledge ought to relate only to the substantive context and not 

to any potential biases, presuppositions or preconceptions of the originators of the theory. If a 

theory “works”, it yields something of value, for instance insight and explanations. In the 

best-case scenario these insights are new and can give guidance into new lines of action 

(perhaps a new praxis in a given context) or new directions for further research. By being 

“modifiable”, the likelihood of the theory staying relevant, as the context alters or new 

findings are found, is greatly enhanced. 

 

 

1 Although I use the term step it is seldom clear when one process ends and another begins 

and moving back and forth between processes is common. 
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Application of the Grounded Theory Method 
I initialised the study without the intent to test any pre-formulated hypothesis and without any 

pre-formulated specific questions of research, other than the general question of how students 

utilise Algodoo. The aim was not to verify or dismiss any pre-existing theory but to, 

hopefully, come up with findings of my own that stemmed from the data. I tried to enter the 

study with as much of a clean slate [tabula rasa] as possible, however, to say that I entered 

without any biases or preconceptions would be dishonest as a complete elimination of bias, 

for anyone, is unachievable. The most prominent potential bias might be my reading of 

Paperts’ (1980) Mindstorms. Nonetheless, as a result, I had no idea of my potential findings 

prior to the first analysis. Regarding the analysis, I went through multiple iterations of coding, 

transcribing what I saw and heard in the recordings. 

I started my analysis by writing down what I found interesting. I transcribed some of what the 

students said, the gestures they used, the tools and properties of the software that the students 

explored, the specific constructions of the students (for example, the construction of a space-

rocket) and more. This was my first iteration of coding. As I narrowed down the scope of the 

study to only include the time the students freely explored the software, I became more 

detailed in my transcriptions. By taking handwritten notes I could easily colour-code my 

transcriptions, by each actor (in each case, the actors being two students and one or two 

researchers). I also divided the paper into four columns one for the quotation of each actor and 

one for what was done in the software. Once I had some initial coding, I tried to divide the 

coding into clearer sections and to give each section some brief summary or labelling of its 

content. This resulted in the three types of activities discussed in the section Findings. 
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The Data 

My study was based on two sets of video recordings of students, in pairs of two, utilising 

Algodoo. The first set of data involved college students from Colorado, collected for a study 

not yet published. It consists of recordings from a total of four sessions and thus eight 

participants of which seven were male and one was female. In each session the students were 

first given time to explore and get familiarised with the software and then later given the task 

of exploring and determining the physical properties that determine the period of a swinging 

pendulum. The time for free exploration and familiarisation ranged from approximately thirty 

minutes up to one hour and the time spent on the pendulum task ranged approximately from 

one hour to one and a half hour. During the sessions a single researcher was present the whole 

time. The participants were given access to a laptop with Algodoo installed and the laptop 

was projected in front of them on a projection screen. The participants were seated at a table 

with the laptop, and the researcher was mostly seated behind the participants, occasionally 

rising and moving back and forth to the laptop and the projection. The set-up of the recording 

consisted of two cameras, one recording from the front of the participants, showcasing the 

faces and torsos of the participants, and one recording from the back of the participants, 

showcasing the projection and the backs of the participants. The screen of the laptop was 

captured as well. The role of the researcher was mainly to ask the students to explain their 

train of thought, be of assistance when technical difficulties arose and sometimes to give 

guidance if the students had a hard time making progress or to prompt further investigation of 

aspects that the researcher found interesting. The researcher engaged in dialogues about both 

physics and the technicalities of the software. During the dialogues about physics the 

researcher engaged with a Socratic method rather than providing explanations.  

 

The second set of video recordings involved Swedish university students studying to become 

teachers of physics and mathematics at the level of upper-secondary school. This data set 

consisted of recordings of three sessions and thus six participants, all of whom were males. 

The recordings were initially recorded for a study inquiring how students make use of 

Algodoo alongside a physical laboratory set-up (Euler & Gregorcic, 2017). As in the case 

with the Colorado students, the first part of each session (approximately the first 30 to 45 

minutes) was dedicated to exploration of and familiarising with the software. After the free-

exploration the students were given the task to find a relationship between the height above a 
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table, from which a puck was released to roll down a ramp, and the horizontal distance from 

the edge of the table that the puck travelled before hitting the ground (Euler & Gregorcic, 

2017). During the sessions at least one researcher was present the whole time. During two of 

the three sessions two researchers were present. Unlike the sessions in Colorado, the students 

worked with Algodoo utilising an interactive whiteboard (IWB) instead of a laptop. The IWB 

was located in the front of the room in which the recordings took place. The researchers were, 

for the most part, seated behind the participants and were occasionally moving up to the IWB. 

The sessions were recorded with two cameras. One was located in the ceiling, pointing down 

at the participants and the IWB. The second camera was placed in the front next to the IWB. 

The second camera was primarily used for audio-recording and the angle of the camera did 

not show much of either the participants or the IWB. The roles of the researchers were the 

same as the role of the researcher of the Colorado sessions. The participants in the second data 

set were native Swedish speakers, but they were asked by the researchers to speak in English 

and this was adhered to for the most part. For the purpose of my analysis, any exceptions 

wherein the students spoke in Swedish have been translated into English.  
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Findings 

 
In my analysis, I have discerned three types of meaningful activities in which the students 

engaged while freely exploring Algodoo. By meaningful activities I mean activities that were 

explorative or demonstrative of either the software itself and its functions and framework of 

physics or of the theories and laws of physics of the real world outside of the software. I term 

the first type of activity exploration of the software fundamentals. The activities sorted under 

this category were instances where the students explored the tools of Algodoo and learned 

how to navigate the software interface. I term the second type of activity testing and 

contrasting. During this type of activity, the students gave the software some input, observed 

what happened and then drew a conclusion about the physics of the software or of the physics 

of the real world. Sometimes, the input the students gave the software was specifically to test 

the physical framework of the software or to test and demonstrate the theories of physics of 

the real world. In the third type of activity, the students engineered machines or constructions, 

often putting these creations to the test against various obstacles. I term this type of activity 

engineering. The lines between activities were not always clear cut. Sometimes, a new 

activity was prompted by a new discovery during another activity. It also happened that the 

students briefly shifted into one type of activity, during their engagement in another type, 

before shifting back. In the following sections, I explain each type of activity in detail, 

providing examples from the student’s interactions to illustrate the distinctions between the 

different types of activity.   

Exploration of the Software Fundamentals 
In each of the sessions I analysed, exploration of the software fundamentals was always the 

first type of activity in which the students engaged (the first steps in a terra incognita). 

However, this is not to say that this type of activity only took place during the beginning of 

each session. The students’ initial engagement with the software was preceded by a brief 

introduction to the software by a researcher. The introductions generally involved the 

researchers pointing out where to find the different tools, how to access the drop-down menu 

of the objects and the option of altering gravity and air-resistance globally. To reiterate, none 

of the groups had any experience with the software prior to the sessions. Before any other 

type of activity could take place, some prerequisites of the understanding of the software must 

be met. Firstly, the students needed tools to operate in this new world, otherwise they could 

not do anything. Secondly, they needed some sort of basic understanding of how Algodoo 
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behaved before they could engage in any planned, specific or complex activity. To my eyes, 

the first activities of the students often seemed rather chaotic or unsystematic. The students 

drew random shapes, created springs, ropes and more whenever they happened upon the 

corresponding tool, or while interacting with the IWB, accidentally made a new hand-gesture. 

Throwing and dragging the objects around, the students witnessed how objects would fall, 

collide, glide, elongate and retract (in the cases of springs) and generally interact with each 

other and the ground. During this first exploration of the software it was also common that the 

students investigated the drop-down menus, getting access to functions such as liquify, 

spongify, material and more. After the students had developed some sort of basic feeling for 

the nature of the software, and what potential it held, they moved on to a second type of 

activity. 

The following excerpt is from the second session collected in Colorado, and specifically from 

the first three minutes of the students’ (referred to as A1 and A2, the researcher is referred to 

as R1) interactions with the software. It exemplifies how students, during exploration of the 

software fundamentals, might discover and learn how to use some of the tools of Algodoo. 

After the short introduction by the researcher, the students take over the control of the laptop. 

During the introduction two objects were created by the researcher, and these two objects remain in 

the scene. 

 

A1:   What the heck is this? [referring to the move-tool] 

A2:   It’s a move-tool, I think. 

A1:   I’m just picking it up and then a drop. 

 

During this exchange of words, A1 hovers over the move-tool in the sidebar and selects it. He picks 

up one of the objects and drops it. It falls to the ground. When the object had fallen to the ground 

some clouds appears in the background. 

 

A1:   Look, there’s clouds. So cool! What is this? Is this rotate? 

A2:   Yeah! 

A1:   Rotate objects… 

A2:   And water. Where do you get water? 

A1:   Yeah. This… draw polygons and make shapes. 

A2:   [inaudible] 

A1:   Yeah, that’s how you erase it… 

A2:   Yeah, and create things I think. 
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A1:   What’s this? Eraser? So you just… 

A2:   Ohh! 

A1:   That’s kinda cool, like disappears. 

 

During this dialogue, the students hold the mouse over the corresponding tools and read the 

respective explanatory text to each tool. A1 selects the eraser and erases the object that was 

previously dropped.  

 

A2:   What is that yellow line? 

A1:   This? 

A2:   Yeah! 

A1:   Scale-tool… 

A2:   Ahh so you can change the sizes? 

A1:   Hold shift to scale both axes equally. 

A2:   What’s this? Knife! 

A1:   Draw line to cut a polygon. We should cut that in half. 

A2:   Same as the other thing we just cut it. 

 

Again the students hold the mouse over the tools in the sidebar and read the corresponding texts. 

A2 selects the knife-tool and cuts the remaining object into two parts. 

 

A1:   That’s hilarious. Is that how you pick them up, the hand thing? 

A2:   Yeah, I think, right? 

A1:   Yeah, drag-tool. What the heck?! 

A2:   That’s gone! 

 

After having cut the object in two, A2 selects the drag-tool and throws one of the pieces away. 

Immediately after having thrown the piece away, A2 discovers the gear-tool. 

 

A2:   Gears, how do you use the gears? 

A1:   I don’t know. 

 

A2 selects the gear-tool and creates a small gear with three teeth. 

 

R1:   So click in the middle and like pull out, like a radius. So you’ve already made one but yeah. I 

think the two gears are now attached but… 

A1:   Wow, cool! 



19 
 

R1:   As you click and drag it’ll show you how many teeth you want. 

A2:   Teeth size, ohh I see! 

 

During the instruction from R1, A2 creates a second larger gear on top of the first gear. While the 

gear-tool is selected some options for the gears are displayed, for example teeth size and the 

internal gear box. 

 

A1:   What’s an internal gear? 

 

The internal gear box is checked by 1 and the hollow gear slider becomes available. 

 

A1:   Hollow gear thickness. 

A2:   Ohh  I think it’s… like drag it! 

A1:   This? 

A2:   Let’s make a new gear. 

 

A third gear is created by A1. When created it becomes attached to the lower part of the second 

gear and the gears start to oscillate back and forth. 

 

A1:   Ohh, sick! So you can just make a ton of gears? 

A2:   Yeah… 

 

A fourth and much larger gear is created. It is hollow and surrounds the previously created gears. 

 

A1:   What the?! So it’s hollow. I don’t understand how that works but that’s cool I guess. So I can 

grab this. Oh my gosh, what is going on?  

A2:   I don’t know what’s happening in the middle right there. 

A1:   Look at it! It’s just like spinning around 

A2:   It’s the first gear, I think, that’s spinning around. Can you grab it? 

 

During this part of the dialogue, A1 drags the second and third gear outside of the larger gear (see 

Figure 1). A1 replaces these gears so their teeth connect with the teeth of the larger gear. The teeth 

overlap and the gears behave oddly. The first gear seems bugged and flies around inside the largest 
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gear. It is grabbed by A1 and moved outside of the largest gear.

 

Figure 1: This is a capture from the original video recordings of the session with A1 and A2. A1 has dragged the second and 
third gear outside of the largest gear. The smallest gear remains inside. At the bottom, slightly to the right, is the bottom 
part of the object that was cut in two by A2.  

The students continued the session by exploring more of what tools was at their disposal 

before moving on to a new type of activity. During the relatively short time interval (3 

minutes) the students discovered and tried out multiple tools and they also observed some of 

the behaviours of the objects of Algodoo (for instance, how dropped objects fall and collide 

with the ground, how objects can be attached to each other and how gears can rotate). The 

excerpt also shows how rapidly students might shift their focus. In just a matter of seconds the 

students had shifted their attention from the “clouds”, to the rotate-tool, to the possibility to 

have water in Algodoo, to the brush-tool and to the eraser-tool and trying it out. 

Testing and Contrasting 
This type of activity included activities where the students more systematically investigated 

the properties of the software, its framework, limitations and potential to represent real world 

physics. Activities like this were often prompted by some discovery the students made during 

another activity, as was the case when one pair of students got an object trapped inside a 

“spongified” object.  

The pair of students (referred to as B1 and B2) was from the second data collection session 

conducted in Sweden. Having created a large sponge with the spongify function, the students 
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dragged the sponge around to observe how it behaved and how it interacted in collisions with 

other objects. Observing one such collision between the sponge and another object led B1 to 

want to trap another object inside the sponge. The students had some problem creating an 

object inside the sponge, so one of the researchers (R1) suggested they instead could draw an 

object outside of the sponge and move it in. Thereafter, B2 created an object and tried to 

move it inside the sponge. Since the simulation was still running, the objects collided instead 

of merging. R1 walked up to the IWB, instructed the students how pausing the simulation 

would prevent the objects from interacting with each other until the simulation was running 

again. Simultaneously, R1 paused the simulation, dragged the object so the object and the 

sponge were overlapping and then hit play again. As a result, the object was now trapped 

inside the sponge. This led to the students furthering their exploration of the nature of 

“spongified” objects within Algodoo. The following shows the exchange that followed. 

R2:   What are you trying to do, I’m curious. 

B1:   I’m trying to make an arrow that… I’m trying to make an arrow and try to give it a 

velocity to see if it can pierce the spongified big pink blob. 

 

B1 starts drawing an arrow. 

 

R1:   So you can maybe try like a sharp thing and drop it or throw it in. 

B1:   Because I somewhere saw a velocity thing. 

 

B1 double clicks the arrow and goes into the Velocity tab. He lifts the arrow up, with the 

simulation paused, and asks how he can rotate the arrow. After having rotated the arrow, with 

assistance from the researchers, he experiences some technical issues. The IWB is re-booted and 

calibrated and the scene is reloaded. After having redone the rotation of the arrow, B1 once 

again opens-up the Velocity tab for the arrow. See Figure 2 for the set-up. 



22 
 

 

Figure 2: A replication, generated in Algodoo by me, of the students’ set-up with the jell-o and the arrow. 

 

B1:   Let’s just speed this one up! How much? 

B2:   Full speed! 

B1:   Full speed ahead! 

 

B1 drags the speed slider to its maximum (25 m/s). He then continues to hit the play button and 

the arrow flies away in the wrong direction. B1 hits the undo button, resetting the simulation 

just before the arrow flew off, and opens the Velocity tab of the arrow once more. Instead of this 

time changing the speed slider, he drags the slider of the velocity component in the x- and y-

direction. 

 

B1:   Is negative y up or down? 

R2:   Down, but you can actually see the angle [direction of the velocity] on the, there was like 

a wheel. 

 

B2 hits the play button and the arrow goes off in the right direction this time. The arrow hits the 

sponge but bounces off. 

 

B1:   Can you add mass to this one?  [Referring to the arrow] 

B2:   Material maybe? 
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B1 double-clicks the arrow and enters the Material tab. There he slides the density slider to the 

maximum (100 kg/m2). 

 

B1:   This needs to be heavier, otherwise it won’t go through. 

 

B1 continues by running the simulation. Yet again, the arrow hits the sponge and bounces off. 

But this time with a greater impact on the sponge. 

 

B1:   Almost, not pointy enough, though. 

 

B1 enters the Material tab for the sponge and decreases the density slider to the minimum 

(0.001 kg/m^2). He then proceeds by running the simulation and the arrow successfully pierces 

the sponge and gets trapped inside of it (see Figure 3). 

 

B1:   That’s more like it! 

R1:   Nice, well done! 

R2:   Did you really manage to… 

B1:   Yeah, it did pierce it and it must have pierced all the way through there which [inaudible] 

R2:   So, can you just take me through what were the changes that you made? 

B2:   We increased the density of the arrow while decreasing the density of this jell-o. 

B1:   And then we increased the speed of the arrow to make it actually fly and through-out each 

time we [remade?] we made one of the changes. First time we increased the speed we noticed, 

ops, the wrong direction so we changed the x-direction to the correct one and it just bounced off 

the jell-o. And then we thought that, well, the arrow has to be denser than the jell-o because it’s 

not that pointy. So increasing the density of that made it technically heavier but it’s speed was 

still the same because simulations like this is great for that purpose and then we decreased.. 

R2:   (interrupting) So, wait, for what kind of purpose? 

B1:   Like changing things on a whim. You don’t have to go out in the woods to find uranium 

and make an arrow out of it. Instead you can just say this is as heavy as uranium would be if it 

would be made into an arrow. 

R2:   Can you just say a few words, why, about the mechanism when you changed the densities, 

why would it now pierce when it wouldn’t before? I’m really curious about how you think about 

that. 

B1:   Since this one is spongified I think it, like, becomes more… If you decrease the density it 

becomes more spongey than if it had high density cause it’s lighter in a sense. It’s like 



24 
 

comparing a regular sponge to cotton candy in a sense.

 

Figure 3: A replication, generated in Algodoo by me, of the in the jell-o trapped arrow. 

In this segment of transcript, one can see how how the students took a more systematic 

approach to their investigation of “spongified” objects and what kind of manipulations were 

possible. The students changed one thing at a time and then executed their trial. When they 

were not successful, they changed something else and re-executed, repeating the process until 

the desired outcome was achieved. At the same time as they were exploring the sponge, they 

learned about how the speed and velocity functions of objects worked in Algodoo and got 

used to changing specific properties (density in this case) of the objects. Nevertheless, the 

main activity was still an investigation in if it was possible to pierce a “sponge”. It is 

remarkable that the students, in an attempt to penetrate the sponge, tried altering the densities 

of the objects and compared the less-dense sponge to cotton candy. Perhaps the students had 

some preconception of the hardness or penetrability of objects being dependent on the 

density. If that was the case, it would have been interesting to investigate if the preconception 

was limited to objects of Algodoo or if it was held for objects of the real world. The session 

then continued with further investigation of “spongified” objects, a discussion between the 

students and the researchers about the building blocks of sponges in the software and an 

attempt to replicate a sponge utilising the spring tool of the software. 

During the testing and contrasting activity type, I also observed students testing the 

software’s ability to recreate the physical theories of the real world about which they already 
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had knowledge. The following excerpt recounts how a pair of students (C1 and C2), from the 

third session in Sweden (where only one researcher was present), wanted to demonstrate that 

free-falling objects have the same acceleration.  

After having completed an activity, the two students tried to think of something new to explore. 

 

C1:   Do you have an idea? 

C2:   You mean a physical idea? 

C1:   Yeah! 

C2:   Free fall? 

C1:   Yeah! 

 

The students clear the scene from the objects from the previous activity, with some technical 

assistance of R1. The air-resistance is turned off since before.  

 

C2:   Should we use squares? 

C1:   You’re a square! 

C2:   Okay! (laughing) 

 

A rectangle, resting on the ground, is created by C1. 

 

C1:   That’s a square. 

C2:   Now, that’s not gonna make much of a motion. 

 

C1 starts dragging the rectangle around meanwhile he is explaining to R1 what they are trying 

to do. 

 

R1:   So what were you trying to do? 

C2:   We want to demonstrate free-fall. 

R1:   So, one thing might be that you are a little too close now. So, down on the bottom menu 

there, you see the magnifying glass, the bottom left. 

 

With the help from the instructor the students zoom-out. 

 

R1:   And then you can drop it from much higher and you can let it sit longer. 

 

C1 tries to drag the rectangle up into the air, but since the magnifying tool is still selected, he 
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zooms in instead. C2 selects the pen-tool and C1 drags the rectangle around in the air, which is 

whirling. C1 drops the rectangle and it goes out of screen. He gives the command for “undo”, so 

the rectangle is at rest on the ground, and C2 pauses the simulation. 

 

C2:   Okay, let’s move this one up here. 

 

C2 drags the rectangle up into the air, where it stays since the simulation is not running. He 

continues by creating another rectangle just under the first one. The two rectangles are now 

overlapping a little bit. He draws two more rectangles, a bit to the side of the first two 

rectangles. There is now a total of four rectangles of different sizes in the air, two of which are 

overlapping (see Figure 4). He runs the simulation two times, steps back and seems to start to 

think about what he has just observed. During the run the two rectangles overlapping seemed to 

fall with different accelerations since there became a distance between them during the fall. 

 

Figure 4: A replication, generated in Algodoo by me, of the scene with the four rectangles. The two rectangles to the left are 
overlapping each other. 

 

R1:   Interesting! 

C2:   Well, those are, those are scary. 

C1:   Why? 

C2:   Well, okay, okay, maybe, it’s because they are not, in this situation, maybe it’s more like 

they are put them on (claps hands together), maybe it’s beside (pointing at the two overlapping 

rectangles). 
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R1:   So what are you saying is scary? 

C2:   Well if you, in reality, it will become a distance between these if they are actually, like, put 

on top of each other but now I think they are not in physical contact. 

R1:   So, if you overlap them the program has a problem, when you have both shapes 

overlapping, cause they are trying to occupy the same space. 

C2:   Yeah, exactly! 

C1:   Which is what I’m trying to show you. 

C2:   That is what I thought happened. 

 

During this dialogue, C1 has reset the simulation so all the rectangles are back in the air. He 

then continues by separating the two rectangles, so they are no longer overlapping. 

 

C2:   What about now? 

 

C1 runs the simulation and all the rectangles seem to fall with the same acceleration. 

 

C2:   Exactly! 

C1:   See, now it free-falls. 

C2:   That’s more what I wanted to see! 

The two students began with the intention to demonstrate something they already knew about 

in mechanics, namely, that free-falling bodies fall with the same acceleration (when affected 

by the same gravitational force). They entered this activity of testing with some implicit 

expectations on the software to behave accordingly. When the software did not act as they 

anticipated, due to the rectangles overlapping, C1 showed signs of being at unease. Something 

that was not supposed to happen, happened. The student made a clear distinction between the 

physics of real life and the physics of the software, “Well if you, in reality, it will become a 

distance between these if they are actually, like, put on top of each other but now I think they 

are not in physical contact.”. I believe the student misspoke here, and what he wanted to say 

was that, in reality (i.e. not in Algodoo), there would not become a distance between the two 

rectangles if they were dropped whilst being in contact. When the simulation was running 

again, without the rectangles overlapping, they fell with the same acceleration and the student 

seemed relieved.  

Shortly after their demonstration of free-falling rectangles, the students started investigating 

sponges. The following excerpt will recount this. One of the students (C1) “spongified” one 
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of the rectangles, a rectangle that another rectangle landed on. The fall was dampened by the 

sponge. This led to the students creating another sponge and repeating the dampening 

interaction between falling rectangles and sponges, and thus, exploring the fundamentals of 

the software. It is unclear what prompted the student “spongifying” the first rectangle since he 

did not say anything prior, during or after, relating to the “spongification”. However, the 

possibility to “spongify” objects had been mentioned by the researcher (R1) during the brief 

introduction to the software. Having played around with the sponges, one student (C2) turned 

one of the sponges into ice when encouraged by the researcher to try and make the sponge 

behave differently. In the following excerpt, a conflict arises between the student’s 

expectations of the properties of ice and its behaviour in the software, leading to further 

investigation of the software’s properties. 

On the screen there are five rectangles. Two rectangles are spongified and are resting on the 

ground. Three rectangles are up in the air, two of them right above the sponges (see Figure 5). 

 

Figure 5: A replication, generated in Algodoo by me, of the scene with the three rectangles and the two "sponges". 

 

 

R1:   See if you can change anything about the sponge to make it behave differently. 

 

C1 double clicks on one of the sponges. C1 and C2 study the drop-down menu for a little while 

before C1 opens-up the Material tab. C2 selects the pre-set ice. 
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R1:   So these are like pre-sets for the bottom four sliders. 

C1:   Ice has zero attraction? Huh? 

R1:   I think the attraction is about if you want it magnetic or not. Then other magnetic things 

are attracted to it. 

 

While C1 and R1 discuss the attraction option for the object C2 runs the simulation and a 

rectangle lands on the ice-sponge. The fall is, as previously, dampened. C2 looks around and is 

looking a little bit confused. 

 

C1:   So [name of the student] what are you trying to do now? 

C2:   Crush it. 

C1:   You are crushing the sponge? 

C2:   It’s supposed to be of ice. 

R1:   But it’s an icy sponge. 

C2:   Oh, icy sponge, I get it! I thought that when I changed material, I turned the sponge into a 

block of ice. 

 

R1 explains, again, how the material pre-sets are only pre-sets for the four sliders and adds that 

the sponge now is “ice-like but not really like ice”. 

When C1 changed the material of the sponge to ice, he clearly had some expectations on some 

properties it would get and how it now would behave. Perhaps drawing from his real-life 

experience, of how ice can break when you drop something on it, he expected the object of 

the software to break. When the material of the sponge was changed it still behaved like a 

non-rigid body. Perhaps, due to the fact that the student had likely never experienced a sponge 

made of ice in real life, or because a frozen sponge outside of the software would not behave 

in the same manner, it did not occur to him that the sponge would keep its elasticity and 

restitutional properties. The incident also indicates that at least some students may initially 

assume that more characteristics of an object are changed than just the values of “the four 

sliders” density, mass, friction and restitution when the material is changed. Note that the 

restitution option of an object affects the objects bounciness and has nothing to do with going 

back to some original state after some deformation. Unless turned into sponges, the objects of 

Algodoo do not deform. When an object is “spongified”, it is divided into smaller objects, or 

parts, which are interconnected with relatively soft springs. The restitution and density sliders 

will, respectively, alter the bounciness and density of each individual part. Likewise, the 

rigidity of the sponge is dependent on the damping of the springs, amongst other factors. A 
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“spongified” object will behave differently depending on the spring constants of the 

interconnecting springs and the density of the parts of the sponge. After the explanation from 

the researcher (R1), C1 initiates further investigations on the limitations, or framework, of the 

software. 

C1:   If you wanna crush ice, does the program really have that physics engine? So you can 

actually explode things or crush them? 

R1:   I don’t think so, I haven’t seen it. 

C1:   In that case we can just try it out. 

 

C1 continues by creating two poles and a relatively thin rectangle. He changes the material of 

the rectangle into ice and places it on top of the two poles. He double-clicks on one of the larger 

rectangles from before. It almost has the shape of a perfect square. He goes into the Material tab 

and increases the density slider to the maximum.  

 

C2:   You wanna have it made out of steel? 

C1:   No, no, no. ‘Cause steel is gonna decrease the density cause it’s just a premade set. So 

now I’m gonna make it incredibly hard. 

 

C1 drags the rectangle high above the setup with the two poles and the thin block of ice. Having 

rotated the rectangle, one of its corners are pointing at the block of ice (see figure 6). He runs 

the simulation and the rectangle falls and bounces of the block of ice, which is still intact. 
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Figure 6: A replication, generated in Algodoo by me, of the set-up for the testing of breaking ice. 

 

 

C1:   Oh, yeah! It doesn’t have a physics engine for breaking things. 

By devising the experiment, the students were able to conclude something about the 

limitations of the software. For one, it became apparent that it is not possible to break objects 

in Algodoo. As mentioned before, it is unclear if some students might have some 

preconception of the hardness of an object being dependent on its density. The above excerpt 

more strongly suggests that this might be the case. As a final remark on the excerpt, it seems 

that C2 again assumes that changing the material of an object would change some other 

quality of the object other than the density, mass, friction and restitution. 

Engineering 
During the third type of activity, engineering, the students utilise the tools and physics of 

Algodoo to construct something, often machines. When a first prototype has been created, the 

students try it out to see if it works as intended. If the machine does not work, the students 

usually modify it and test it again, repeating this cycle until they succeed. The success can be 

viewed as an achievement of a first goal, namely, to create something with basic functionality. 

When the first goal has been achieved, and if they do not move on to some new activity, the 

students often set a new goal for their creation, demanding enhancement and modification of 

the design. This newer goal can be for their creation to overcome some problem or to just 
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further enhance its functionality. The following excerpt is from the first session in Colorado, 

where two students, D1 and D2, constructed a space rocket. They had previously utilised the 

thruster tool and were somewhat familiar with it before the exchange below. 

D1 creates a relatively large rectangle, resting on the ground, and a triangle at the top of the 

rectangle. He circles the two objects and groups them together, so that when one is selected the 

other one is as well. He attaches the triangle to the rectangle with two small ropes. 

 

D1:   It’s not gonna work out, but it’s fine though. 

D2:   You mean the rocket? 

D1:   Ehh, basically, it’s the concept. We are basically playing KSB. 

 

During the exchange of words, D1 attaches two thrusters to the bottom of the rectangle and 

rotates them so they are vertical and pointing upwards. He continues by adding two triangles, 

one on each side of the bottom of the rectangle, as fins or wings. 

 

D1:   It’s really janky, and that’s okay. And fins are probably not going to do anything except 

making it go like this. (makes a tilting gesture in the air with his hand) Because air resistance is 

a thing that exists, but that’s fine. 

 

D1 enters the drop-down menu of one of the thrusters and goes into the Controller tab where he 

enters “space” as the destroy key. This means that if the space-button is pressed the thruster is 

deleted. This is also done for the second thruster. D1 sets the forces of the thrusters at 180 N. 

 

D1:   So, I mean, it’s probably gonna tip over to the right, because the fin on the right is bigger 

and I also don’t think I set the [?]. 

 

D1 plays the simulation and the rocket flies away without the fins since they have not been 

attached to the rocket. 

 

D1:   Also, I didn’t attach them. That’s fine. We’re good, we’ll just… best way to attach things. 

 

D1 attaches the fins to the rest of the rocket with small ropes (see Figure 7). He replays the 

simulation and the rocket flies away. He hits the space button, the thrusters are deleted, and the 

simulation is paused. 
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D1:   Oh, space is also the pause button though, that’s a problem. We will try again. We will set 

a new kill-key. 

 

Figure 7: This is a capture of the original recordings. It shows the rocket created by D1 and D2. The fins and the top of the 
rocket are attached to the body with ropes. 

The students were successful in making a rocket that could fly after some testing and 

modification. They had created a first prototype of a functioning machine. It is noteworthy 

that the students, or D1 in particular, gave the rocket fins, even though he did not expect them 

to enhance the rockets functionality. Arguably, the fins could even be seen as decreasing the 

functionality of the rocket since D1 expected the rocket to “tip over to the right” because of 

them. Possibly, the fins were included in order for the rocket to bear a greater resemblance to 

a real-life rocket. The students continued the session by developing and further enhancing 

their rocket. 

R1:   Are you looking to turn it on or off with the press of a hot-key? 

D1:   Yeah, does this destroy? [referring to the destroy key option] 

R1:   Yeah, so go into the thruster thing 

D1:   This thrusters? 

R1:   And activation. 

D1:   That is probably better then to just destroy. 

D2:   We should try holding it down with a rope or a chain and probably give it some tension. 

D1:   I don’t know what keys are in use, though. 

 

D1 assigns one activation key for the two thrusters. He presses play and is able to, by pressing 
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the key, toggle when the thrusters are active. 

 

R1:   If you set the two different thrusters to different keys… 

D1:   You can actually fly it.  

 

In the air, the motion of the rocket seems glitched. It spins and teleports oddly. 

 

D1:   It’s having some problems, though. 

The undo button is pressed by D1 and the rocket is now back on the ground at rest. 

 

D1:   It probably must be better if it wasn’t jankilly put together with ropes. Is there a way to 

actually, like, merge objects, though? 

 

With some guidance from the researcher, D1 merges the parts of the rocket, except the thrusters, 

into one body. D1 presses play and tries out if the rocket still works, which it does. When the 

rocket is yet again at rest on the ground, D1 attaches two more thrusters to the rocket, one at 

each side at the top of it facing inwards (see Figure 8). 

 

Figure 8: This is a capture from the original recordings. The rocket has two thrusters at the top, pointing inwards. 

 

 

D2:   Let’s add a rope to it. 

D1:   Nah, we’re good. But we should… 
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D1 continues by assigning the arrow keys to the activation of the thrusters. He also unchecks the 

toggle box in the Thrusters tab of the drop-down menu of the thrusters. He continues by running 

the simulation and trying out the rocket. The rocket is going high up in the air, and out of sight 

for a bit. 

 

D2:   Is there a limit? [referring to a how high the rocket can go] 

D1:   Well, it should stop because the engine is not working, yeah. 

D2:   Wait, why did it stop? Did you turn off the motors? 

D1:   Yeah, it’s set to like… it can’t do much, though. 

D2:   Are you trying to control it! 

D1:   I think I might have gotten my left and right mixed up, as well as these are not super 

strong, so that’s another problem. One way to overcome that problem is to make it weigh like 

nothing. 

 

At the later part of this dialogue, D1 presses the undo-button, double-clicks the rocket and in the 

Material-tab decreases the mass of the rocket by setting the slider to 0.60 kg. Directly after, he 

undoes the change by pressing the undo button and instead he increases the force of the thrusters 

at the top of the rocket from 5 N to 20 N. At the same time, he confirms that the activation keys 

were correctly assigned. He runs the simulation and is more successful in controlling the rocket. 

 

D2:   We should have it like run some kind of course, you know, like a track, you know. 

D1:   You want to make a… It’s a little janky. You can try to fly it if you want to, though. W is 

like up and there’s left and right. 

D2:   W is up? 

D1:   Or W is like... Oh sorry, the arrow keys! 

D2 takes over the control of the rocket and flies it around. 

After some trial and error, the students were successful in enhancing their space rocket, thus 

making it manoeuvrable. The session continued with the two students attaching a block to the 

rocket. At first, it was attached with a rope but, when they were met by some technical 

difficulties, they used a spring instead. The goal of D1 was to be able to fly the rocket and 

“throw the block at someone”, and they succeeded in releasing it whilst in the air. The goal of 

D2 differed from the goal of D1. D2 wanted to have the rocket stuck to the box, which they 

also succeeded in by gluing the box to the background. Overall, D1 was more dominant 

throughout the entire session, and D2 more passive. This is exemplified by the two excerpts 

above. D1 is the one who did most of the talking, who operated the keyboard and touch-pad 
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and who knew what was going on (it took some time for D2 to realise that D1 was trying to 

make the rocket manoeuvrable). However, the modification and retesting of the rocket 

exemplifies how the students worked with their rocket to increase its functionality, which then 

was the aim in itself. To be able to do this, they had to learn more about the tools and the 

software. For instance, they had to learn of the possibility to assign an “activation-key” and 

how it differs from an assigned “destroy-key”. In this way learning about the “activation-key” 

seems to be an example of an exploration of the software fundamentals. This illustrates how 

students briefly might switch between different types of activities. 

During the first session in Sweden, the two students E1 and E2 find out how to create axles 

and turn them into motors. R2 mentioned that it was possible, within the software, to build 

machines and have axles function as motors. It was pointed out by the researchers that it was 

possible to create a car that can go forwards and backwards, an idea that stuck with the 

students. The following exchanges illustrates how the students, during engineering, designed 

a machine and created a problem for it to overcome. 

E1:   We ought to be able to build a computer, or a car! Shall we create a car? [translated] 

 

In an empty scene, E2 starts by creating the body of a car, elevated in the air. 

 

E1:   A beautiful car! Yeah, okay, we need to attach… 

E2:   Tires? 

 

Two wheels are created by E2. They are not perfectly circular, and they are not attached to, or 

part of, the car. E1 points this out and the students attach the wheels to the body with two 

springs, one for each wheel (see Figure 9). They press play, and one end of the car falls 

downwards. The other end is stuck in the air since the wheel is attached to the background by an 

axle that was, presumably accidentally, created when they created the springs. Realising this, 

they press undo, erases the axle and press play again. The car falls to the ground and bounces a 

little. Not being completely satisfied with the shapes of the wheels the students spends some 

time perfecting them until R2 intervenes. 
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Figure 9: A replication, generated in Algodoo by me, of the car created by E1 and E2. The two wheels are attached to the 
body of the car by two springs. 

 

 

R2:   So, how would you make a car? You need to make a wheel spin around something that is 

attached to the car, right? 

E2:   Yeah! 

E1:   Yeah! 

R2:   So, in some footage you have two things, one on top of the other (gestures by laying his 

hands on top of each other), that can spin around each other. So maybe… 

E2:   So it’s better to make a whole car, like that. (gestures a straight line at the lower part of the 

car) 

R2:   Yeah, yeah, yeah! That’s a good idea. 

 

E2 empties the scene of objects and creates a new car-body is. E2 continues by creating two 

axles as wheels for the car. R2 points out that these are axles and suggest they draw circles first, 

as tires, which E1 sets out to do. 

 

E2:   I thought I was making circles. 

R2:   With anything you can copy it right? 

E2:   Copy it! [translated] 

E1:   Ohh, you can copy it!? [translated] 
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By some guidance from R2, E2 copies the first circle and places it at the other end of the car. 

Whilst stating he does not like the appearance of the car, E2 enters the drop-down menu for the 

body of the car and goes into the Appearance-tab. There he changes the colour from a dark 

purple to a light green. 

 

E2:   Can you like zoom out? 

R2:   Yes, so… 

R1:   So, there’s a magnifying glass down there at the bottom. 

 

E1 replaces one tire so that it is overlapping a greater part of the body of the car and attaches the 

tire to the car with an axle. E2 does the same thing for the second tire. E2 then double clicks the 

axle, goes into the Axles-tab and checks the motor-box. E1 presses play, the car falls to the 

ground and drives off. 

After some work and modification, the two students were able to create a functioning car. 

They continued the session by creating an obstacle for the car to overcome. 

The scene is re-set and paused so that the car is back again after having gone off. E2 draws a hill 

on the ground (see Figure 10). He runs the simulation and the car is far from climbing the whole 

hill. 

 

Figure 10: A replication, generated in Algodoo by me, of the scene with the car and the hill. 
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E2:   You have to decrease the incline of it [referring to the hill]. [translated] 

 

E1 tries to decrease the incline by clicking and dragging the top of the hill. It does not work, and 

he accidentally creates a rope on top of the hill. 

 

E2:   Remove it completely. It’s better if you remove it completely. [translated] 

E1:   I should be able to… 

E2:   … attach a rope to it? (laughing) 

 

E1 deletes the hill and draws a new one with a smaller incline. He then continues by double-

clicking the front tire, that is, the tire with the motor. He goes into the Axles-tab. 

 

E2:   Everything should be maxed out! [translated] 

 

E1 maximises the motor torque slider (50 000 Nm) and the motor speed slider (450 rpm). When 

he tries to run the simulation, he accidentally erases the ground instead. Everyone burst out in 

laughter. E1 undoes and successfully runs the simulation. The car goes about half-way up the 

hill. The scene is re-set and E1 double-clicks the back tire and goes into the Axles-tab. There he 

checks the motor box and increases the motor torque and motor speed sliders to the maximum. 

 

E2:   Oh my god! Max on those? It’s gonna fly! [translated] 

E1:   Yep! It’s gonna be awesome. 

 

The simulation is run by E1. The car goes up the hill, driving on its back wheel, with great 

speed and, as a result, goes into the air making multiple somersaults. The simulation is re-set by 

E1 and he decreases the motor torque and motor speed for both tires by a bit. 

 

E2:   This is pretty funny actually. That one doesn’t make any difference, it doesn’t have any 

contact [with the ground]. [translated] 

The simulation is run by E1 and the car now moves more slowly. Due to the back-end of the 

body of the car hitting the ground, the car is stuck at the lower part of the hill. 

 

R2:   So what is another thing you can do if the car doesn’t wanna climb a hill? What could be 

the problem? I know you don’t have many hills, but, in Sweden… 

R1:   You do have some hills. 

R2:   You do have some hills. 

E2:   Like… better tires? 
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R2:   Oh, yeah!  

E2:   Can you do that? 

R2:   Yeah, so go to material. 

E2:   Oh yeah, right! Materials! 

 

The Material-tab of one of the tires is opened by E1. 

 

R2:   There you have different parameters… 

E2:   (interrupting) Helium! I think helium is the answer. (laughing) 

R2:   So which parameter of the material would be… 

E1:   Rubber… 

E2:   Rubber should be pretty good. Probably the one with the highest friction. 

R2:   Yeah, but you can also change friction. 

E2:   Oh, yeah you can! That’s true. 

R2:   You can change… 

E1:   Should we try rubber? 

R1:   These are like pre-sets. You can do any of these. (pointing at the pre-sets) 

E2:   This one’s pimp! (referring to the Gold pre-set) 

E1:   Yeah, pimp! (laughing) 

 

The pre-set Gold is by E2 selected for the back tire. He also maximises the friction parameter to 

infinity. E1 runs the simulation, the car moves slowly towards the hill. 

 

E1:   That’s good! 

E2:   Now it should, it should work. 

E1:   It’s gonna, I think it’s gonna stuck there. 

 

The car is stuck yet again at the lower part of the hill due to the back-end of the car hitting the 

ground. E1 inputs the undo-command and cuts off a bit of the back-end of the car. The 

simulation is run again. When the car gets to the hill, instead of getting stuck it vaults over, 

landing on its roof. 

 

R2:   Well, the incline is so big. 

R1:   Yeah! 

R2:   I don’t think this is, like, realistic for any… common car could go that steep. I mean, 

that’s… 

E2:   Yeah, if you could like, can’t you just… 
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The session continued with the students attaching a circle to the front of the car in order to 

increase the weight of the front part of the car. They tried out different densities and masses of 

the circle (the weight attached to the front of the car) and changing these parameters as the 

simulation was running. They also tried changing the friction of the back tire. They were 

almost successful in making the car pass the hill before the end of the free-exploration part of 

the session. During the session the students created a machine, namely a car. When they had 

given the car some basic functionality (i.e. it could go forward), they created a more complex 

environment, with an obstacle for the car to overcome. In order for the car to climb the hill the 

students changed the shape of the car, adding parts or cutting parts off. They also changed the 

materials of the car and they altered different parameters such as mass, friction and motor-

torque. Something that stands out to me is that even though it was pointed out by R2 that it is 

possible to change the friction of any pre-set, E1 still wanted to change the material of the tire 

into rubber in order to increase the friction. Perhaps he wanted to go with rubber because he 

knew, from real life experience, that rubber is a common material of tires and that it has 

qualities suited for purpose. Maybe it is important that the car bears some resemblance to its 

real-world counterpart, as might have been the case when D1 and D2 added fins to their 

rocket suspecting the fins would worsen the functionality. Another possibility is that he 

thought that changing the material changes some other property than the values of the four 

sliders, as might have been the case when C2 changed the material of the sponge into ice. 

However, in the end, E1 and E2 settled with gold as the material of the tire, referring to it as 

“pimp”. It could also be that springs were chosen as the mean of attaching the tires to the 

body of the car since it could resemble a system of suspension of a real vehicle. Maybe, it was 

by accident that the first spring was created, but that they stuck with it since it seemed natural 

or seemed to make sense. Furthermore, it seems like the appearance of the car was of some 

importance to the students, with a golden tire as one example. They also changed the colour 

of the car and the shape of the car resembled that of a real car. However, an example for the 

contrary would be that they added a large circle to the front of the car. 

Summary 
In all the sessions I analysed exploration of the fundamentals was always the first type of 

activity that the students engaged in. During this type of activity, the students learned about 

which tools are at their disposal, how to utilise them and how to navigate in this to them new 

world. They did also experience some basic behaviour of objects and their interaction with 

each other and the environment (for example the ground). During exploration of the 
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fundamentals the students often discovered a lot of tools and properties of the software in a 

relatively short period of time. The excerpt from the second session in Colorado exemplifies 

how the students rapidly changed the focus of their attention. When the students had gained 

some basic knowledge about the software they moved on to a new type of activity. 

It could happen that the new activity was of the type testing and contrasting. During this type 

of activity, the students investigated different properties of Algodoo and its objects, the 

framework and limitations of the software or the physics of the real world. This was 

exemplified with B1 and B2 investigating the nature of “spongified” objects, C1 and C2 

testing if the software supports breaking of objects and C1 and C2 demonstrating free-fall. 

The students drew conclusions either of the software or of the real world. During the free-fall 

demonstration, when Algodoo at first did not seem to adhere to the laws of physics of the real 

world, C2 seemed to be at unease until it was resolved that it behaved differently due to the 

objects overlapping. 

It could also happen that the students engaged in engineering, a type of activity distinguished 

by the students constructing something, often machines. This was exemplified with D1 and 

D2 constructing a rocket and E1 and E2 constructing a car. By testing and modifying their 

machines, the students enhanced the functionality of the machines. After some basic 

functionality of the machines had been achieved, each pair of students engaged either in 

enhancing the functionality as a goal in itself, as when D1 and D2 made their rocket 

manoeuvrable, or in creating some problem or obstacle for the machine to overcome, as when 

E1 and E2 made a hill for their car to climb. 

Especially in the second and third type of activity, it seemed important to many of the 

students that the scenes of Algodoo kept some resemblance to the real world. For example, 

D1 and D2 included fins to their rocket, even though they suspected the fins would have a 

negative impact on the functionality. This might have been due to the students actively 

relating the world of Algodoo to the real world. In the real world most rockets have fins. 

Relating the real world with Algodoo could also explain why it seemed that the students 

thought that changing the material would change some other qualities other than the value of 

the four sliders of the objects.  
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Discussion and an Outlook 

 
One point I believe needs addressing is that in some cases labelling of students’ interaction 

with the software is not unambiguous, though, in some cases it is clearer than in others. For 

example, consider the situation when D1 and D2 learned how to assign activation keys to the 

thrusters during the engineering of the rocket and the situation when C1 and C2, during 

testing and contrasting of free-fall, learned about the magnifying tool. I propose that the two 

situations should be viewed as a brief switch from engineering and testing and contrasting to 

exploration of the fundamentals, and then a switch back to engineering and testing and 

contrasting respectively. It could be argued that the different types of activities share traits, or 

that exploration of the fundamentals, in this case, can be viewed as an integrated part in the 

other two types of activity. However, I believe that it is clearer and simpler to instead affirm 

that students move between different kinds of activities. As the students interact more with the 

software, I presume that they will engage less in exploration of the fundamentals as their 

knowledge about the tools and basic functionalities of the software has increased. If D1 and 

D2 already had had knowledge about the activation-key function the switch to exploration of 

the fundamentals would not have occurred. In this way, then, engineering and testing and 

contrasting become more and more refined when fewer interruptions of activities occur. 

What I hope to have achieved in identifying the three types of activity during students’ 

exploration of Algodoo, is a way of talking about how students engage with open-ended 

physics simulation software when they are not given any specific task or problem to solve. 

Armed with the three types of activity as a lens, it becomes more apparent how students 

engage in interesting activities during their use of Algodoo for the first time: namely, they 

explore the software’s limitations, the nature of its objects, they do physics and they engineer. 

If we interpret Algodoo as a physics microworld, and accept that physics microworlds 

facilitate conceptual understanding of physics, it would be interesting to further our 

understanding of how students interpret the microworld. Do students read in more to 

“material” than a change in the values of the four sliders and does it have an impact on their 

learning or physics instructions utilising Algodoo or similar software? Is it of importance for 

the student learning that scenes within Algodoo maintain a degree of resemblance to the real 

world and does the importance diminish as the students’ level of expertise in physics 

increases? When do students draw a conclusion about the real world and when do they draw a 

conclusion about the software, when the software behaves contrary to their understanding of 
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real-world physics? Regardless of the answers, my identification of the three types of activity 

described in this project can serve as a useful lens for both researchers and teachers of physics 

alike, especially in the context students’ free exploration of open-ended software like Algodoo 

for the first time. 
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