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Abstract 
 

Responsive teaching stands for teacher interventions, which take as their basis 

enhancing student learning as its constitution is revealed in instructional 

interaction. When implemented appropriately, responsive teaching can help 

promote student-driven inquiry in physics contexts. I have looked at how 

responsive teaching can be used in combination with educational simulation 

software on the topic of orbital motion of planets. In a qualitative study, I let pairs 

of upper-secondary students explore the topic of orbital motion using two 

different kinds of simulation software on an interactive whiteboard. From the 

gathered video data, I identified episodes of student interaction that lend 

themselves to responsive teaching interventions. These episodes are presented 

using multi-modal transcriptions, simulation screenshots and descriptive text. In 

my analysis, I propose potential responsive teacher interventions based on the 

framework of responsive teaching I presented earlier, as well as actual 

interventions and subsequent student reactions that occurred during the studied 

activity. Apart from providing practical examples from this relatively unexplored 

didactic territory (in terms of topic and technology used), I found that simulations, 

when used in open-ended exploration tasks, can be a powerful tool for generating 

student ideas, which in turn serve as the basis for the emergence of a wide range 

of scenarios that lend themselves to responsive teaching interventions. Finally, the 

success of a teacher’s intervention depends on the ability of the teacher to guide 

students, as well as the teacher’s knowledge of the tools that are being used and 

topic that is being explored. 

 

Sammanfattning 
 

Responsbaserad undervisning erbjuder ett sätt att åstadkomma studentdrivna 

undersökningar inom fysikutbildning. Ett sätt som detta kan göras på är genom 

användandet av simuleringar som studenterna kan utforska och lära sig från. I en 

kvalitativ studie lät vi par av gymnasiestudenter utforska omloppsbanors dynamik 

genom att använda två olika sorters simuleringar på en interaktiv whiteboard. Från 

den insamlade videodatan identifierade vi exempel på situationer lämpliga för 

responsbaserade interventioner. Dessa exempel presenteras genom multimodala 

transkriptioner, skärmbilder och förklarande text. I analysdelen presenterar vi 

möjliga lärarinterventioner, i enlighet med metoden responsbaserad undervisning, 

samt faktiska interventioner och efterföljande studentreaktioner som skedde under 

studiens gång. Förutom att tillhandahålla praktiska exempel från detta outforskade 

didaktiska område, drar vi slutsatsen att simuleringar kan vara ett kraftfullt 

verktyg för att generera idéer från studenter, vilket erbjuder en mängd möjliga 

situationer för en lärare att intervenera. Framgångsrika interventioner är beroende 

av lärarens förmåga att vägleda studenternas intresse och erbjuda teknisk och 

teoretisk kunskap när den behövs. 
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1 Introduction 
 

The use of digital tools in classrooms is steadily increasing and will be an integral part of 

future education practices. They can be especially useful in science classes as they can let 

students interact with digital models of a physical systems, explore them systematically under 

ideal conditions, and even change the scale of time and space when convenient. Furthermore, 

simulations can be used to engage students in a scientific way of constituting knowledge; 

including steps such as observing phenomena, formulating and testing hypotheses and 

evaluating the outcomes of testing experiments. Allowing students to explore simulations of 

physics phenomena is one of the ways of changing the dynamic of a lesson from an active 

teacher performing demonstrations for passive students, to students actively constituting 

knowledge. For example, student interactive engagement has been shown to result in better 

knowledge retention, compared to merely reading, listening and observing (Akpan, 2001). 

Using simulations as a tool to achieve exploratory and inquiry inspired instruction requires 

a skilled teacher who can adapt and respond to student ideas, and guide student work so that it 

results in desirable learning activities and outcomes. This requires the teacher to have not only 

good knowledge of the physics content, but to also possess relevant pedagogical and 

technological knowledge, and be able to combine and apply them in practice (Koehler & 

Mishra, 2009). Because of the complexities of these demands, one has to develop such teacher 

competences at a concrete level - with specific tools, students and content, to be able to later 

expand it to new contexts. In this work, the concrete topic will be orbital motion, and my 

claims will be about teaching and learning of this topic specifically. 

An important part of teaching responsively involves listening carefully to student ideas and 

helping them refine those ideas, test them, and pursue them further. To be able to show 

examples of and analyze how responsive teaching can be applied in practice, I set up a study 

of upper-secondary students collaboratively exploring simulations in open-ended exploratory 

activities. From the study at hand we can learn when and how to be responsive to student 

ideas in what is to this date a didactically relatively unknown territory. 

  



5 

 

2 Purpose and research questions       
                                                                                                                                                                                                                                                                                                                                    

The purpose of this study is to gain practical knowledge of how a teacher can respond to 

students’ findings and questions that emerge while they are using computer simulations to 

engage in open-ended collaborative inquiry on the topic of orbital motion. As a pre-service 

teacher in physics and mathematics at upper-secondary level, this work is also a way for me to 

deepen my understanding on how best to use simulations in my classroom in relation to 

exploring the idea of responsive teaching. 

In the context of student open-ended exploration of orbital motion using computer 

simulations, and based on the framework of responsive teaching, my research questions are: 

 

-What are some situations/scenarios that lend themselves to responsive teacher 

intervention? 

  

-What are possible ways in which a teacher can intervene to help students explore 

astronomical phenomena? 

 

- How do students respond to teacher interventions and what are the challenges that arise in 

the process of responsive teaching in the given context?  
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3 Background 
 

3.1 Responsive teaching 

 

Typically, teaching revolves around the idea of a curriculum that the teacher uses to create 

lesson plans. It is up to the teacher to make sure that all the content and learning goals are 

dealt with in the class during a course. In other words, the goal of each lesson is set in 

advance and successful teaching is defined by reaching those goals.  

Responsive teaching differs to this way of teaching in that the goal of a lesson (on the level 

of content) is not set in advance, at least not very specifically. Instead, a lesson deals with a 

more general topic, and is driven by student interest and inquiry. This flexibility allows the 

teacher to make use of what catches student interest at the moment, instead of having to shut 

down questions about content that does not fit within the established curriculum. The students 

are more likely to actively participate, if they know that their input is valuable and can 

influence the direction of the lesson. 

Within the field of physics, we wish to teach not only facts and concepts, but also how the 

scientific method works and how it is used to produce new knowledge. Responsive teaching 

offers a way to do so in a way where the right questions to ask are not predetermined, and 

where the answers found are based on the ideas and work of the students, instead of by 

following strict instructions on how to replicate a classic experiment. 

Linder and Kung (2011) proposed the idea of “crafting of teaching practice” being 

teaching practice that can be characterized as “skillful, knowledgeable, reflective and 

conceptually based teaching activity”. Responsive teaching is such a crafting of practice. In a 

book about responsive teaching in science and mathematics (Robertson, Scherr, & Hammer, 

2015), the authors present three recurring themes from the literature on what responsive 

teaching involves. They are: 

- Foregrounding the substance of students’ ideas. 

- Recognizing the disciplinary connections within students’ ideas. 

- Taking up and pursuing the substance of student thinking. 

 

The authors also point out that these three steps are heavily integrated and do not cover all 

aspects of responsive teaching, so they should not be used as a checklist or a prescription. 

In practice, the teacher can start a lesson with an activity that generates engagement and 

elicits students’ ideas about the topic at hand, and helps the students to express them clearly. 

The teacher’s role is thus to support the processes of idea elicitation and articulation and help 

guide them in a fruitful direction. Eventually, a class can potentially deal with topics similar 

to those contained in the curriculum. 

That being said, fully adapting a course to the method of responsive teaching would be 

very difficult within the Swedish education system, as the curriculum very clearly states what 

topics should be “covered”, and leaves little room for other activities. However, elements of 

responsive teaching can be used productively where appropriate; for example during 

laboratory work, in group or class discussions or as in my case, when using simulations to 

create interest and raise central questions. 
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3.2 ISLE 

 

ISLE is an acronym for “Investigative Science Learning Environment” and is a learning 

system that aims to let the students approach scientific inquiry in a similar way to how 

practicing physicists do it (Etkina & Van Heuvelen, 2001). In a full ISLE-cycle, centered 

around a chosen topic, students start off by observing an experiment that has been selected by 

the teacher. Students are then asked to come up with different possible explanations to what 

they observed, usually by discussing in groups. Once some hypotheses have been formed, 

testing experiments, suggested by either the teacher or the students, are conducted in order to 

test if the predictions made by specific hypothesis hold or not. If predictions do not agree with 

the outcome of an experiment, the hypothesis is refuted or reworked. In this way students 

learn that a hypothesis can only be rejected, not proved. This process continues until one 

prevailing explanation is left. From there, once the new concept has been sufficiently tested 

and understood, students apply their newfound knowledge to new problems and phenomena. 

A graphical representation of how an ISLE-cycle is structured can be seen in figure 1.  

 

 
Figure 1: The ISLE-cycle (Investigative Science Learning Environment), an instructional 

approach that strives to get students to engage in scientific practice. Picture from (Etkina & 

Planinšič, 2014). 

 

The ISLE-system also strives to be non-threatening to students, by giving all ideas equal 

weight before they are tested and making sure that an idea is not presented as being owned by 

or connected to the student proposing it (Etkina and Heuvelen, 2004). 

In this work, I will use the structure of the ISLE-cycle as well as its terminology as a 

foundation for the discussion about how a teacher can support and respond to a group of 

students working with simulations. Since responsive teaching does not suggest how a teacher 

should respond, or what the purpose of the instruction is, I have chosen to take the perspective 

of a teacher trying to teach according to the ISLE methodology. My motivation for this is that 

I believe the ISLE-approach is suitable for student work with simulations. The simulations 
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work as observational experiments and have the potential to generate student ideas. This 

creates the need to conduct testing experiments to evaluate these ideas. Testing experiments 

can in many cases also be made within the simulation. This keeps the students active and 

included, and goes well together with the idea that the students should drive the lesson 

forward, which is also the goal of responsive teaching. Furthermore, both ISLE and 

responsive teaching put emphasis on the importance that students learn the methods of 

scientific inquiry. 

 

3.3 The chosen simulation platforms: Algodoo and Phet 

 

3.3.1 Algodoo 

 

Algodoo (www.algodoo.com) is a two dimensional, interactive physics engine where the 

user can create a large variety of physical objects and watch how they interact with each other 

and the environment, while also being able to manipulate the laws of physics themselves. 

Universal factors such as gravity and air drag can be turned on or off with the press of a 

button, and the user can freely look around, zoom and change the simulations speed. Apart 

from the main tools and menus, that allow the user to create and manipulate objects, each 

object can also be modified further, through an extensive menu of options just by right-

clicking it. From here, one can change the object’s density, velocity, friction and control what 

other objects it can interact with through so-called collision layers. It is also possible to use 

these menus while running the simulation, to see how parameters such as velocity change in 

real time. These features make the software highly adaptable, which makes it easy for a 

teacher to respond to inquiries from students and present or test new ideas directly. 

 The program can be regarded as a tool where the user can create his own simulations, 

offering a large degree of freedom to the creator. Within the field of education, a teacher can 

prepare a demonstration of a phenomena of interest, or simply download other user’s lessons. 

The program’s simple interface and intuitive mechanisms allow students to learn the basics 

quickly, allowing for hands-on exploration of the demonstrations. Engaging students in 

demonstrations, and having them make prediction has been shown to result in better learning 

outcomes compared to simply watching a demonstration presented by the teacher (Crouch, 

Fagen, Callan, & Mazur, 2004). 

The software is well adapted to be used on interactive whiteboards, where the user 

interacts with the program using his or her hands instead of the traditional keyboard and 

mouse (Gregorcic, 2015). This has the potential to engage the users further as it requires the 

use of their bodies, and to make the interactions with the software seem more intuitive, for 

example when using one’s hands to make a throw or pull a lever. As suggested by Gregorcic 

and Bodin (2017), Algodoo can be used in more ways than to visualize physics phenomena, 

such as a problem-solving tool, for group projects or in a wider discussion about using 

computer modeling in physics. 
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3.3.2 Phet simulations 

 

Parts of this section originate from an essay I wrote some time ago about interactive 

simulations in physics education. PhET is an acronym for “Physics Education Technology”, 

but nowadays the project has expanded to include other parts of science, such as chemistry, 

biology, earth science and mathematics. The project was started at the University of Colorado 

in 2002 with a vision to create interactive simulations to be used as tools to teach physics. 

Two main goals of the project have been to increase the students’ levels of engagement and to 

improve learning outcomes (Perkins et al., 2006). To achieve this, the team goes through an 

extensive development process to ensure that each simulation works as intended. 

During the development process, a prototype is first created by a group of education 

researchers, subject specialists, teachers and programmers (University of Colorado, 2008). 

This prototype is then evaluated and refined through a process of extensive testing by 

observing how and what students learn from it. By letting the students explore the simulations 

and share their thoughts, both during the process and afterwards in interviews, drawbacks in 

the simulations can be identified and gradually improved until an effective simulation has 

been created (Wieman, Perkins, & Adams, 2008). 

At the moment, there are over 135 different simulations accessible from the PhET website 

(https://phet.colorado.edu/), free to use across the globe. The target group varies between the 

simulations, all the way from elementary school to university level. They have been translated 

to several languages, and every simulation also includes information about the concepts 

covered and teacher’s guides full of ideas on how to integrate the simulations in lessons, 

created by Phet staff or practicing teachers. The simulations can be accessed directly in a web 

browser, but also downloaded and used offline. 

The simulations present the students with an intuitive interface that is meant to engage the 

students in exploration. They guide the student through a process of inquiry, where they can 

change one variable at a time and observe the results in real-time. In some cases, students 

interact with the simulation by changing the values of physical quantities by using a slider or 

by entering a value with the keyboard. In other simulations, students can engage directly with 

the environment, for example by setting a pendulum in motion by pulling on it, or by rubbing 

a balloon against a piece of fabric. To visualize the results, the simulations use graphical 

representations such as graphs and motion diagrams. 

There has been some research done on the effectiveness of Phet simulations compared with 

traditional laboratory work. Finkelstein et al. (2005) studied learning outcomes for groups of 

university students learning about electrical circuits. One group used Phet’s “Circuit 

construction kit” and the other one followed the same instructions, but used ordinary 

laboratory equipment. The students’ conceptual and practical knowledge was tested shortly 

after the activity, by assigning them to build a circuit using real components and predict what 

the outcome would be once the switch was turned on. They also compared how the students 

did on three conceptual exam-questions about circuits. They found that the group that worked 

with the Phet simulation did significantly better at the exam, but were also more efficient at 

constructing real circuits and displayed greater understanding when asked to explain the 

behavior of the circuit. 
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3.3.3 Phet’s “My solar system” 

 

The simulation (figure 2) is limited by a maximum of four bodies, and the user cannot 

zoom or move the screen. The position of the bodies and their respective velocity vectors can 

be moved at will, or changed by entering coordinates for the position or velocity with a 

keyboard. There are eleven presets that the user can explore, varying from combinations of 

suns, planets, moons and asteroids to more complex configurations such as the Trojan 

asteroids, the Slingshot and a binary star system. All of the presets can be tinkered with and 

changed. 

 
Figure 2: The initial screen the user is presented with when starting the simulation 

 

3.3.4 Differences between Algodoo and Phet 

 

Phet’s simulations are firmly established within the field of physics education research and 

are arguably the most used simulation platform among physics teachers across the world. The 

careful design process leaves every simulation with a fixed purpose and specific learning 

goals, often centered around a specific topic or concept. In contrast, Algodoo is one single 

piece of software that can be used to explore and learn about many parts of classical physics. 

It also differs from Phet in that it does not offer instructions toward specific learning goals, 

instead the user is free to use the program’s tools to create any physical arrangement in a 

sandbox environment. This flexibility makes Algodoo more complex and difficult to master, 

and it requires more attention and instruction from a teacher to make use of it to teach specific 

concepts or topics. In educational use, Algodoo can be used to let students construct their own 

testing experiments to learn from, or to let students learn about new concepts by working with 
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a simulation and accompanying instructions prepared by a teacher, where the latter option has 

many similarities to using a Phet simulation.  

In the context of this work, Algodoo allows the user to create almost anything, which may 

be overwhelming for a student who is not sure where to begin. In comparison, the presets of 

“My solar system” allow the student to observe phenomena directly, which may give ideas 

and inspiration for further inquiry. When it comes to testing predictions and conducting 

experiments, the flexibility of Algodoo makes it a more powerful tool in that regard. 

 

3.4 Astronomy and orbital motion in the Swedish upper-secondary school  

 

In the Swedish school system, not all students study physics at upper-secondary level, and 

those who do can stop after the first course, Physics 1, or continue with Physics 2. There is a 

Physics 3 course as well, but it is rarely given. Astronomy takes up only a small part of the 

more advanced Physics 2 course, and the focus lies mostly on the structure and development 

of the universe and the methods used for studying astronomical objects (Skolverket, 2011). 

Kepler’s laws or other topics related to orbital motion are not mentioned in the curriculum and 

are therefore assumed to be unknown for the participants of the study. 

 

3.5 Earlier research 

 

The use of Algodoo and interactive whiteboards to explore Kepler’s laws and orbital 

motion has been studied before (Gregorcic, 2015, 2016; Gregorcic, Etkina, & Planinsic, 

2015). The design of the Algodoo-scene I use is presented in detail here (Gregorcic, 2015), 

and also describes how the program can be used to explore the topic of Kepler’s laws. A study 

about student work with orbital motion in Algodoo focused on what the students did when 

given free range over the program, how they used gestures to express themselves and if the 

groups would participate in collaborative learning (Gregorcic et al., 2015). The participants 

were Slovenian high-school students around the age of 15 who approached the activity in 

groups of three. They found that students engaged in inquiry and discussion rapidly and 

collaboratively when engaging with the program, and made great use of gestures, both in 

interactions with the board and in discussions with their collaborators. 

 

3.6 Situating my work within the existing literature 

 

In comparison with the earlier research described above, I focus more on the role of the 

teacher than that of the students. I am interested in studying the options of the teacher, in what 

ways he or she can intervene and how that might affect the learning of the students. My work 

also differs in that I include other simulations than Algodoo and that the study takes place in 

Sweden. The combination of collaborative use of simulations and responsive teaching has, as 

far as I know, not been studied before, and can hopefully serve as inspiration for teachers and 

open up for new fields of inquiry for researchers. 
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4 The study 
 

4.1 Overview and context 

 

The study was conducted during a period of two weeks in mars 2017. Three groups of two 

students each participated. The students were on their third and last year of the natural science 

program at a local upper-secondary school, and had completed the courses Physics 1 and 

Physics 2. The reason for inviting students from that particular class was that I had worked 

with them for eight weeks a year back, as part of my teacher education. I figured this would 

improve my chances of finding participants, as well as making the participants more 

comfortable in discussing physics around me, as they had done that many times before. 

I presented my project and the plan for the study for the class at the beginning of mars, and 

ended up with ten student’s contact information. While trying to set up suitable dates for 

everyone involved, two of the groups dropped out, leaving me with three, which was still one 

more than the two I had aimed for originally. 

The study took place at the Angstrom laboratory, in a room equipped with an interactive 

whiteboard (IWB), computers and recording equipment. All three groups followed the same 

structure in the activities; introduction to the study, simulation 1, break and snacks, simulation 

2 and last of all an interview about their experiences1. This took just over two hours in total. 

The first group started with a simulation in Algodoo and followed up with Phet’s “My solar 

system”, while the other two groups worked in the opposite order. 

After a short introduction on how to use each simulation by me, the students were 

instructed to explore how small bodies behave around larger ones and to learn about orbital 

motion. I tried to make it clear that they were free to explore whatever interested them within 

that topic and to share their thought-process as they did so. My role was to sit at the back of 

the room and assist the students with technical difficulties and give advice on how best to use 

the programs to achieve what they wanted to do. I also encouraged them to find answers to 

questions they themselves raised and sometimes asked them to clarify what they were doing 

and why. 

The topic of astronomy was chosen because it is not dealt with in much depth in Swedish 

physics education, making it an area where there are plenty of unknown concepts to explore 

that is suitable for upper-secondary students. Also, the use of simulation software is motivated 

since there is no possible way to explore orbital mechanics by actual experiments in a 

classroom, leaving simulations a great alternative. The choice to include both Algodoo and a 

Phet simulation in the study was to be able to compare how students approached the two 

different kinds of simulation, as a part of a more extensive project. For this work, I chose to 

not focus on these differences, and to instead write about responsive teaching. I used data 

from one of the groups, which turned out to be rich enough to allow a meaningful analysis 

from a responsive teaching perspective. In this sense, the study presented below is a case 

study of two students’ engagement with the particular technology and topic presented above. 

 

                                                 

 
1 The interviews are not used in this work. 
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4.2 Data collection 

 

Data was collected through video recordings from a camera at the back of the room, screen 

recordings of the IWB and audio uptake from a cellphone placed near the students. The first 

thing the participants did upon arrival was to read and sign a consent form, describing the goal 

of the project, the conditions of participation and how the data would be collected and treated. 

The information in the forms are based on Swedish research ethics (Vetenskapsrådet, 2002) 

and both forms used can be found in the appendix. 

 

4.3 Data selection 

 

From the over six hours of collected video data, I wanted to select appropriate excerpts to 

analyze from the perspective of responsive teaching. I used Excel to create a summary of 

events, describing in rough terms what the students were doing during the activity. From 

these, I could identify relevant excerpts, which were labeled “possible intervention”, “actual 

intervention” or “result of intervention”. From these I chose the ones with the most depth and 

relevance for further analysis. There was more than enough material from just the first group 

that participated, so all the excerpts are from this group only. This also allows for a natural 

succession of events, as we can follow the chronological progression of one group through the 

activity. 

 

4.4 Analysis and presentation of data 

 

My analysis aims to identify appropriate opportunities for a teacher to intervene in the 

student discussion, and to suggest possible ways to respond. Where applicable, I also present 

any actual intervention that occurred by me, and discuss how that seems to have influenced 

the direction of the students’ work. 

To be able to present the cases as clearly as possible, I use multi-modal transcriptions, 

describing speech, gestures, as well as student interactions with the IWB. In the transcriptions, 

a dash (-) denotes the person speaking is cut off or interrupted somehow, and an ellipsis (…) 

denotes a longer pause. Student names have been changed to ensure anonymity. Screenshots 

of the simulations are also used to give more context to the transcriptions and the following 

discussion. The transcriptions are translated from Swedish to English to the best of my ability, 

striving to keep the meaning of each phrase the same. 
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5 Identifying instances of student engagement that lend 

themselves to responsive teaching interventions 
 

In this section, I present four episodes from the first group’s activity and explore possible 

and actual teacher responses according to the framework of responsive teaching. I also 

analyze the response of the students. My suggestions for how to respond are based on the 

structure of the ISLE-system, where students are encouraged to follow a method closely 

resembling that of practicing scientists. In the first three episodes, the simulation used is 

Algodoo, and the fourth one uses “My solar system”. The cases are presented chronologically. 

 

5.1 Episode 1: Do all bodies come back? 

 

About five minutes after starting the Algodoo activity, the students are trying to get a 

second object into orbit around the sun. When they notice that the maximum speed (25m/s) 

allowed by the slider is not enough to achieve orbit, one of them suggests lowering the mass 

of the object instead. They then set the density of the object to a very small value, and restart 

the simulation. This time the object still follows the same trajectory as before and eventually 

collides with the sun, but it also collides with the other object they had sent into orbit before, 

which passed very close to the sun at one point of its orbit. When the collision occurs, the 

low-mass body quickly accelerates and flies off screen while the other body is almost 

unaffected (figure 3). This gives rise to the following reaction from the students: 

 

 
Figure 3: The green body, whose mass was set to close to zero by the students, flies off screen 

after colliding with the orbiting blue body. 
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5.1.1 Excerpt A 

 

# 

Adam Beth 

Talk Gesture 
Interaction with 

IWB 
Talk Gesture 

Interaction with 
IWB 

1 
(laughs) What 
the… 

  (laughs) Okay… 
okay 

  

2 
But, will that one 
come back? 

     
3 

   
Will it? No 

  
4 After a- 

  
It's lost (laughs) 

  

5 
After a while I think 
it will do that, but… 

     
6 

   
But then it has to…  

  
7 

  

Opens menu for green 
body ehm… 

  

8 
   

It still fell inwards, 
or? 

Traces a path from 
the starting position 
of the green body 
towards the sun with 
left hand 

 
9 Ehm… Yes 

     

10 
  

Re-opens menu for 
green body 

   
11 

     

Goes to materials-
menu 

12 
But if we increase 
the mass 

 

Increases the density 
of the green body 

   
13 

   
Mm 

   

5.1.1.1 Excerpt A summary 

 

The students disagree as to whether the escaping body will return or not. Adam argues that 

it will return eventually while Beth thinks it is lost forever. They then quickly return to 

discussing what they need to change to get the body into orbit. 

 

5.1.1.2 Possible interventions 

 

A situation like this one, where a question is brought up by a curious student observing an 

unexpected phenomenon, is an excellent time for a teacher to respond and adapt to what 

catches student interest in the moment. This example is greater still because there has already 

been a disagreement among the students on what will happen, which may result in different 

predictions to test, and probably different explanations on why they think it will return or not.  

In this case, the teacher could intervene by pointing out that the question is an interesting 

one, and related to the field that they are currently studying, and then ask the students to 

describe the reasoning behind their predictions and see where that leads. The next step, 

following the ISLE-cycle, would be to ask for ideas on possible testing experiments that can 

be done, to test the two hypotheses. While it is preferred that the students come up with ideas 

themselves, the teacher should guide the process so that a suitable experiment can be 

performed.  
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In this case, a convincing experiment might not be easy to perform, because how can one 

prove that a body with enough velocity will never return? It is probable that students 

defending the return-hypothesis will argue that the reason for the object not returning is that 

not enough time is given, and that there will always be a small gravitational force slowing 

down the escaping body. One way to get around this might be to go into theory and show that 

the work needed to move an object on earth infinitely far away is finite, but that requires a 

solid understanding of calculus. It would be a good example to present to the class if they 

have recently been working with infinite sums or improper integrals. 

One experiment that can be performed in Algodoo is to study how the shape of a body’s 

trajectory changes when it is given more and more initial speed. There will be a point where 

the elliptical shape breaks down and changes into a parabola (or hyberbola), where the body 

curves initially, but then moves in an almost perfectly straight line. This might convince most 

students, but some might cling on to the fact that the speed of the body is decreasing 

continuously and argue that it must come to a stop given enough (or infinite) time. This 

example can also be used to introduce the idea of escape velocity, if the teacher deems it 

worthwhile to do so. 

 

5.1.2 Excerpt B 

 

The students returned to the very same question about 15 minutes later in the activity, 

while trying to throw another body into orbit to study how its speed changes while moving in 

an elliptical orbit. 

 

# 

Adam Beth 

Talk Gesture 
Interaction with 

IWB 
Talk Gesture 

Interaction with 
IWB 

14 
If you take it like 
this then 

 
Throws the body 

   
15 

Sent it into an 
ellipse 

     

16 
   

No, you threw too 
hard (laughs) 

  

17 

No, it’s coming 
back, it’s coming 
back 

     
18 

   

It will not come 
back (laughs) 

 
Resets the simulation 

 

This time, I reminded them of the zoom-function in the hope that this would allow them to 

test who was right. 

 

# 

Adam Beth 

Elmer talk 
Talk Gesture 

Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

19 
   

Yeah, right 
  

Remember that 
you can zoom 
out and such 
when you want 
to study- 

20 
  

Zooms out 
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21 
   

No, aha 
  

what happens 

22 

No, now you're 
zooming out 
more 

 

Changes to the 
drag-tool 

    

23 
     

Tries repeatedly to 
catch the small body 
encircling the sun 

 

24 
     

Gets the body 
moving quite far 
from the sun 

 

25 
    

Moves hand 
towards the body 
as to change its 
path 

  

26 
No no no no 
no, just let it be 

Gently pushes 
Beth's hand away 
from the screen 

     

27 
   

It won't come, it 
wants to- 

Lifts hand 
towards the 
object again 

  

28 

Yes yes, do 
you see, it's 
about to turn, 
it's about to- 

Gently pushes 
Beth's hand away 
from the screen 

 
It's going- 

   
29 

   
No (laughs), no 

   

30 
 

Resets the 
simulation as the 
body leaves the 
screen 

      

At this point, I also suggested an increase in the simulation speed so they would not have to 

wait for a long time to see if the body returned. However, the students did not pay much 

attention and Beth suggested instead an increase in the mass of the body so that it is attracted 

more to the sun and will not fly away. A few moments later, Adam grabs the pen and throws a 

body at high speed once again, and also increases the speed of the simulation. 

 

# 

Adam Beth 

Elmer talk 
Talk Gesture 

Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

31 
   

It won't return 
Adam (laughs) Shakes head 

  

32 Yes 
 

Increases the 
simulation speed by 
a lot, moves Beth 
out of the way as he 
does so 

    
33 

   
No (laughs) 

   

34 
   

Like what, 
there's no force 
that drags it in 
when it gets up 
there 

Spreads her 
arms at both 
sides of the sun 
and drags them 
towards the sun. 
Points at the top 
of the screen 

  

35 

Yes, yes there 
is always a 
force 

      
36 

   

But it's too 
small 

   
37 

  

Resets the 
simulation 

    

38 
(Grunts a bit in 
a playful way) 
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39 
   

(Copies the 
grunts) 

   

40 
   

But why- 
  

That was an 
interesting 
argument 

41 
   

(laughs) 
   

42 
It will return 
but- 

     

See if you can, 
can explore 
who… 

43 But- 
  

But can we 
explore, if we 
can examine it 
like this 

 

Zooms out the 
maximum amount 

 

44 
   

Where is your 
friend? Where 
is it? 

Waves hands at 
the large area of 
empty space 

  
45 

      

There is a 
certain- 

46 There 
 

Points at the body 
    

47 
   

Oh, oops, I see 
(laughs) 

  
limit… 

48 (laughs) 
      

49 
      

It is possible in 
the program to 
like send 
something out 
until it just 
disappears from 
the simulation 

50 
   

It’s possible to 
do that? 

   
51 

      
Yes 

52 
  

Starts the simulation 
again, the body 
starts to escape as 
before 

   

I think you are 
now zoomed out 
by the maximum 
amount 

53 
   

Bye bye 
   

54 
  

Resets, opens the 
velocities menu 

   

But you can still 
study its 
trajectory 

 

At this point, Adam tries to repeat the throw, but it is very difficult due to everything being 

so small with the screen fully zoomed out. Beth solves this by zooming in and placing the 

body close to the sun with a large initial velocity, but Adam interferes and takes over before 

Beth can start the simulation. As they are set on trying different things, I suggest they discuss 

what they want to do first, but Adam continues his experiment, eager to discuss the change of 

speed at different points of an elliptical orbit instead, which was what he wanted to test at the 

beginning of this excerpt. 

 

5.1.2.1 Excerpt B summary 

 

Just like in excerpt A, a situation occurs that results in the students disagreeing on whether 

the body will return eventually or not. When I suggest zooming out, Beth does so, but does 

not seem interested in testing if an escaping body returns, instead it is Adam that stops her 

from interfering with the body so that he can observe its movement. Likewise, when I suggest 

increasing the simulation speed, it is Adam who is interested in doing so, which leads to the 

discussion of the role of forces in this problem. Beth then tests Adam’s prediction by zooming 
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out fully, revealing that the body thrown before is nowhere to be seen, but unfortunately 

Adam had reset the simulation before the discussion and points out that the body is located 

close to the sun. Eventually, after I explain that the simulation is limited in size, the students 

interfere in each other’s work and drop the topic. 

 

5.1.2.2 Actual interventions 

 

It becomes evident from this excerpt that it is not an easy task to direct student attention 

without taking charge completely. My suggestions of relevant tools and encouragement to 

investigate the problem further was not enough for the students to really settle the question. 

They did however go further in their argument and among other things discussed the role of 

forces.  

A better response would have been to state why it will be useful to change the amount of 

zoom and the simulation speed if they want to study the problem of escaping bodies, instead 

of just informing them of the possibility without context. 

 

5.1.2.3 Student responses 

 

There are numerous possible reasons for why the students did not try harder to find an 

answer to the question of whether all bodies come back eventually. One is that they might not 

have had enough interest, as there were so many other questions that required their attention 

as well. It was also evident that Adam was more interested than Beth in settling this question, 

as Beth seemed confident that she was right and did not seem to take the question very 

seriously. Another is that they were held back by limitations in the simulation as well as their 

very limited experience in working with the program. They might have figured that it is not 

possible to test their hypotheses if objects disappear once they leave the field of view, and it is 

also very difficult to click on or throw the bodies when the field of view is zoomed out. There 

was also a lack of cooperation on what they wanted to do and how they would achieve it, 

possibly due to the different levels of interest in the phenomenon. They rarely discussed what 

kind of experiment to set up beforehand, and instead took turns trying different ideas without 

pointing out what outcome they expected. Of course, this lack of scientific rigorousness is to 

be expected in a playful setting like this one 

 

5.2 Episode 2: What factors affect the speed needed to achieve orbit?  

 

After about eight minutes of working with Algodoo, the students have succeeded in getting 

two bodies into orbit around the sun, and have witnessed what happens when they collide. 

They decide to add a third body, ending up with a large green one, a blue medium-sized one 

and a red small one, where the red one is the latest addition, that they are trying to send into 

orbit (Figure 4).  
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Figure 4: The initial placement and orbit of the new red body. 

 

After entering the maximum speed allowed by the slider in the velocities menu, 25m/s, and 

failing to get the body into orbit, the students have the following discussion on how to choose 

a suitable value for the speed of the red body, based on their knowledge that they gave the 

green body an initial speed of 60m/s. The students are also aware that the size of a body is 

directly proportional to its mass. 

 

5.2.1 Excerpt A 

 

# 

Adam Beth 

Talk Gesture 
Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

55 
     

Starts simulation 

56 
   

Oops, oops 
  

57 
  

Resets simulation, 
enters the menu for 
the red object 

   
58 

   
Velocity 

  
59 Velocity… 

     
60 

  

Enters Velocities-
menu 
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61 (inaudible) velocity 

Gestures at the 
laptop as the slider 
in Algodoo has a 
maximum value of 
25 m/s, which was 
not enough 

    

62 
   

What do you want 
then, a hundred? 

Turns to the laptop 
to enter a value for 
the velocity 

 

63 
No, we put 60 for 
the green one 

     
64 

   

Ah, right, and it's 
bigger 

  
65 Yeah, kind of, but- 

     
66 

   
Fifty Enters 50m/s 

 

67 

Yes… but shouldn't 
it go… I mean need 
more speed to… 

 

Starts the simulation 
again, now the body 
goes into orbit 

   

68 
   

No, I guess it 
needs less, or…? 

  

69 

It needs more 
speed, because the 
green one had this 
ellipse at first 

Traces the large, 
green, elliptic 
trajectory of the 
green body 

    
70 

   
Yeah… 

  

71 
   

Oh, what happened 
to the blue one? 

  

72 
They collided, the 
green and the blue 

     
73 

   
Ah, okay 

   

5.2.1.1 Excerpt A summary 

 

We see that Beth first suggests a large figure of 100m/s for the speed of the red body, but 

when reminded that the green body had an initial speed of 60m/s, she enters a value less than 

that, because the green body is bigger and therefore more massive. This seems to clash with 

Adam’s intuition, as he hesitantly starts the simulation while formulating thoughts about why 

it should need more speed instead of less. The red body goes into orbit, which might reinforce 

Beth’s idea, but Adam is not convinced and argues further that it should need a higher speed 

because “the green one had this ellipse at first” (line 69), which I interpret as the green body 

having a wider trajectory (the trajectory of the red body is enclosed within the trajectory of 

the green body). Beth argues that the increased mass should require a lower speed while 

Adam seems to think that a shorter distance to the sun requires a higher initial speed. 

Immediately after this, the discussion stops as a collision of two bodies occur on the screen 

that diverges their interest, so what can a teacher do in this situation to respond to the ideas 

put forth by the students? 

 

5.2.1.2 Possible interventions 

 

A good starting point would be to let the students think through and explain their reasoning 

in more detail, as they are very vague and uncertain in their first comments. It is also a good 

idea in general to try to detach the ideas as belonging to the students, to make it non-personal, 
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which is the term used by the ISLE researchers. The goal is not to prove one student right and 

the other wrong, but instead to find ways to test two suggestions on what factors affect the 

speed of an orbiting body. 

Once two hypotheses have been formed, it is time to test them through experiments. The 

current simulation with three bodies in seemingly random orbits is not a good starting point 

due to its complexity, so I would suggest that the students think of simpler ways to test the 

hypotheses. Suitable ones could be changing the mass of a body in orbit and see if its 

trajectory or speed changes, or in the other case to use Algodoo’s “send into orbit” function to 

compare the speeds for two bodies in circular orbits at different distances from the sun. The 

second case on how the distance to the sun relates to the speed of the orbiting body is 

complicated, because the speed of the body is not constant when moving in an elliptical orbit. 

Therefore, a fair comparison should use circular orbits, or orbits with the same eccentricity 

where the speed is measured at the same points for all bodies. 

 

5.2.2 Excerpt B 

 

Directly following the student discussion transcribed in excerpt A, I intervened by asking 

the students to elaborate, as I found their discussion to be very interesting. This led to the 

following reaction from the students. 

 

# 

Adam Beth 

Elmer talk 
Talk Gesture 

Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

74 
      

I find that an 
interesting 
discussion, can 
you elaborate on 
your thoughts 
there Adam? 

75 Eh… 
      

76 
   

With the 
mass? 

   

77 
      

Yeah, like the 
relationship 
between speed, 
mass and 
position 

78 
   

(laughs) Eh… 
hmm… Looks to Adam 

  

79 
Yeah, that's a 
good question… 

Rests his hands 
at the back of his 
head, leans back 
and thinks 

     

80 Yes 
  

Oh, okay, but 
the red one 
has less mass 

Points at the red 
body 

  

81 
   

and has… 
Does it have a 
higher 
velocity? No, 
lower velocity 

   

82 It, it has lower- 
  

It has fifty, the 
green one has 
sixty 

Points at the 
bodies she is 
referring to 

  

83 
But now the 
question 

 

Pauses the 
simulation 
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becomes… 

84 
  

Tries to click on the 
red body, but enters 
the menu of the 
background instead 

    
85 It was… 

 

Changes to the 
move-tool 

    
86 

   

What do you 
want to do? 

   

87 

I want to, what's 
it called, see the 
velocities of it 

      
88 

    

Enters the 
velocities-menu 

 

Ah, is it… Like 
that 

89 Yeah 
      

90 
Right now it has 
44m/s 

      

91 
    

Yes, and the 
green one then? 

  

92 
      

Opens the 
velocity-menu 
for the green 
body 

93 Forty-five 
      

94 
    

Okay, so they 
have the same, 
sort of 

  
95 Yes 

 
Exits all the menues 

    

96 

But then the 
question is, if we 
try to do this… 

 

Starts moving the 
bodies so that they 
are all at the same 
distance from the 
sun 

     

5.2.2.1 Excerpt B summary 

 

The students compare the mass and velocity of the red and green bodies orbiting the sun 

(figure 4 above). The smaller red planet had an initial velocity of 50m/s, and the larger green 

one had 60m/s. They realize that the velocity changes over time and look at the values at a 

certain moment, during which the simulation is paused, where they happen to be about equal, 

both at about 45m/s. 

 

5.2.2.2 Actual interventions and student responses 

 

Even though my comment is very unspecified, which leaves the students uncertain at first, 

it eventually leads into a fruitful development as the students go on to compare the masses 

and velocities for the red and green body respectively. Their first find, that the speeds are 

almost the same, has the potential to be very confusing, but they do not get stuck on this and 

instead continue by simplifying the system and using more structured methods. In the 

following minutes, they use the grid and put the two bodies at the same point, but in different 

collision layers, to test how the orbits differ for two bodies of different mass (figure 5). They 

give the bodies equal velocity, and find that the orbits of the two bodies are almost exactly 

equal. They conclude that the mass of the orbiting body does not affect its motion. 



24 

 

 
Figure 5: A testing experiment the students performed suggesting that the mass of a body does 

not affect its orbit. 

 

This intervention had a positive outcome, mostly due to the resourceful students who were 

able to set up an excellent testing experiment without much further assistance. If the students 

had not been able to explain why the speeds happened to be almost equal when they measured 

them, it is likely they would have drawn incorrect conclusions from that observation, which 

would have required further interventions. 

 

5.2.2.3 Other comments 

 

In open simulations such as Algodoo, there can be a lot of factors at play at the same time, 

such as in this case where the speed of a body in orbit depends both on the distance to the sun, 

but also on the eccentricity of the orbit. For students, it becomes even more complex as the 

students cannot rule out other factors such as the mass and shape of an object. Therefore, a 

scene in Algodoo can quickly become far too complex for students to be able to draw any 

useful conclusions and generalizations. In a more limited simulation, where, for example, all 

orbits were circular and only two bodies could exist at a time, it would be easier to reach the 

sought-after conclusions (for example Kepler’s III. Law). However, in open-ended use of 

simulations, students must find ways to construct suitable experiments, (not unlike in genuine 

experimental work of physicists). This in turn provides them with an opportunity to practice 

using the scientific method instead of being given completed experiments where they can just 

observe the results. 
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In these first two episodes, we have seen how unintended happenings, such as collisions 

between bodies can affect the course of student work. In the first episode, the unintended 

collision raised the question if all bodies come back, that has the potential to lead to 

interesting discoveries. In this episode, a random collision might have been the reason that the 

students’ discussion about how to choose a suitable speed for the red body ended relatively 

abruptly, without a proper conclusion. 

 

5.3 Episode 3: What goes around comes around 

 

After having concluded that the mass does not seem to affect the shape of the orbit in any 

way, the students observe that the orbit of the red body is a tiny bit larger than that of the 

green body (in figure 5). This results in a slightly longer period time for the red body 

compared with the green one, which leads to the green body catching up on the red one over 

time. They then speed up the simulation and put both objects in the same collision layer again, 

to study what happens once the green body catches up and collides with the red one. In figure 

6 below, we can see the scene before and after the collision. 

 

 
Figure 6: The scene before and after the collision of the two bodies. The red body’s orbit 

grows larger, while that of the green body is almost unaffected due to the mass difference. 

 

The scene raises questions about why the red body returns to the exact point where it 

collided with the green body, and why there is no difference in the motion of two bodies with 

different mass in the first place. 

 

5.3.1 Excerpt A 

 

# 

Adam Beth 

Elmer talk 
Talk Gesture 

Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

97 
I was thinking 
until… 

      

98 

The green one 
is, as I said, 
gaining on the, 
the red one 

      
99 

  

Lowers the 
simulation speed 
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100 
      

A small bit 
remaining 

101 
   

You can go 
faster 

   
102 

      

It’s getting 
close 

103 There 
      

104 
   

Ohh 
   

105 

Interesting, it's 
going back to 
the same place 
where it was 
was hit 

Points at the 
collision point 

     
106 

   
Mm 

   
107 

   

Why does it do 
that then? 

   
108 Yeah… (sighs) 

      
109 

   

Yeah… 
(laughs) 

   

110 
   

But okay, 
should we, this 
thing where 
they, intuitively 
it feels as 
though they 
shouldn't have 
the same… Go 
the same when 
they have 
different 
mass… I think. 

Point at the 
bodies in motion 
and draws 
circles similar to 
the trajectories 

  
111 Yes 

      
112 

   

Why do they 
then? 

 

Pauses the 
simulation 

 

113 I don't know 
    

Starts the 
simulation again 

 
114 

   
Yes you do 

   
115 Do you know? 

      
116 

   
No, or what? 

   
117 

   

Or (mumbles 
while laughing) 

   
118 

   
Think 

   

119 
      

Those are 
things you are 
most welcome 
to think about, 
but you don't 
have to find out 
why the 
physics works 
the way it does 

120 
   

Okay 
   

121 
   

Ehm, what do 
we do now 
Adam? 

    

5.3.1.1 Excerpt A summary 

 

Each student raises a question that neither of them can answer. They are curious about why 

the body returns to the impact point, and why a change of mass does not change the body’s 

orbit. 
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5.3.1.2 Possible interventions 

 

Questions about why physical phenomena occur are sometimes very hard to answer, and 

cannot be answered through experiment alone. The experiments have already been conducted 

in this case, but the students are unable to make sense of the results. The simulation can only 

offer a model of how the world works, but does not give any insightful explanations as to 

why, so if the students cannot use earlier knowledge to explain their observations, the teacher 

may need to help. That is why I in this case let the students know that they did not have to 

figure out what is going on, resulting in them moving on to other topics. 

In a larger group or class, the teacher can ask for student suggestions as a starting point in 

explaining the phenomenon. To explain the shape of the new orbit for the red body, I would 

use energy-arguments. A body in orbit has kinetic energy as well as gravitational potential 

energy, and the sum of these are constant. As the red body collides with the green one, its 

kinetic energy increases. This increases the total energy of the red body, resulting in an 

overall higher potential energy as well. One can also argue that if the body returns to the same 

position, the total energy is clearly conserved, however, a different distribution of kinetic and 

potential energy is also possible, so to show that the body must return to the exact location 

requires a much deeper analysis, one requiring mathematical skills at the level of an advanced 

course in analytical mechanics. Yet another case that seems simple at a glance, but requires a 

deep understanding of physics to fully explain!  

The independence of mass on the shape of a body’s orbit is a bit easier to explain. One 

possible way is to compare it with how objects on Earth are accelerated by the same amount 

independent of its mass, so the same is true for the acceleration of heavenly bodies. The 

gravitational force that the Sun, for example, exerts on a larger body is of course larger, but so 

is the inertia of that body, which results in the same acceleration for bodies with different 

mass. To take the discussion further, and to give some credit to everyone who strongly feels 

that a change of mass should affect something, one can point out that the motion of the Sun is 

affected, but the effect is not noticeable until the mass of the orbiting body reaches the same 

order of magnitude as the Sun’s. For example, our Sun weighs about 333000 times as much as 

the Earth, and over 1000 times more than the heaviest planet Jupiter. 

 

5.4 Episode 4: A binary star system 

 

As described in the section describing the study (Section 4.1), the students changed from 

using Algodoo to Phet’s “My solar system” after a short break, where they continued their 

exploration with the same instructions as before. After about half an hour of working with 

“My solar system”, the students are studying a binary star system where both stars have equal 

mass. Just before, they looked at one of the presets, a system with two stars and one planet 

orbiting one of the stars. They wanted to wait until the stars got close to one another, to see 

how that affected the motion of the planet, but they eventually realized that the stars never got 

any closer. To investigate this phenomenon, they removed the planet and focused on trying to 

understand the synchronized motion of the two stars (figure 7). 

 



28 

 

 
Figure 7: A screenshot of the binary star system where both stars have the same mass. 

 

This exploration was accompanied by the below-presented discussion. 

 

5.4.1 Excerpt A 

 

# 

Adam Beth 

Elmer talk 
Talk Gesture 

Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

122 
   

(laughs) What? 
Okay… 

   
123 

   
If we stop… 

 

Resets the 
simulation 

 

124 
   

And then we 
put them so 
that they… 

 

Moves the smaller 
star to a new 
position 

 

125 
   

No, that doesn't 
matter really 

 

Starts the 
simulation 

 

126 
   

Why do they do 
that? 

   

127 
      

Remember to 
change the 
velocity as well 

128 
   

What did you 
say? 

   

129 

The velocity 
pointed straight 
up 

      

130 
   

Yeah, but I 
mean, why… 
do they always 
go in, like, the 
same. 

 

Resets, changes 
the velocity vector 
from vertical to 
horizontal 
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(Mumbles "okay 
I cannot 
explain") 

131 
     

Starts the 
simulation again 

 

132 
   

I mean, they 
move like… 

   
133 

What do you 
mean? 

      

134 
   

(Sighs) That 
they always… 
move in… in 
equal size, no I 
don't know 

   

135 
      

Ah, that the 
orbits are 
similar? 

136 
   

Yes, but if you 
change this 
then… 

 

Lowers the mass of 
the purple sun from 
150 to 110 

 

137 
   

How do they 
behave then? 

 

Starts the 
simulation 

 

138 
   

Look, then one 
goes faster 

   

139 

One gets larger, 
one gets a larger 
orbit 

  

No! (Directed at 
her previous 
statement, not 
at Adam's) 

   

140 
   

But they are still 
the same, the 
orbital period is 
still the same 

   

141 
   

They have 
different orbits, 
but will still get 
the same orbital 
period 

   
142 

Try lowering it 
even more 

      
143 

   

Lower the 
mass? 

   
144 Yes 

      

145 
     

Lowers the mass of 
the purple sun from 
110 to 50, starts the 
simulation 

 

146 
   

Why does it do 
that? 

   

147 
Because it's still, 
two planets, so… 

Turns to Beth 
and points his 
index fingers 
toward one 
another 

     

148 

It, it, I mean it 
always needs to 
have a 
counterforce, 
towards where 
the other planet is 

      
149 

   
Yeah 

   

150 
And if it changes 
faster… 

Points towards 
the slow-moving, 
massive, yellow 
star 

     

151 

Then it will, yet, I 
mean, then no 
counterforce will 
be created 

Traces the 
motion of the 
yellow star with 
index finger 
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152 

If you and I were 
to rotate around 
like this 

Extends both 
hands towards 
Beth 

     
153 

   
Mm 

Grabs Adam's 
hands 

  

154 

Then I cannot 
start to rotate 
faster than you, 

Drags Beth 
around in 
circular motion 
for a short time, 
accelerates 
himself at the 
end to show 
what happens if 
he moves faster 
than her 

     

155 

despite the fact 
that you weigh 
less than me Points at Beth 

     

156 
   

Because they 
are holding 
each other in 
some way 

Ties her hands 
together, then 
extends them 

  
157 Exactly, because 

Rises up from 
his chair 

     

158 

I mean, because 
you, because we 
hold each other 
here 

Grabs Beth's 
hands again 

     
159 

   
Mm 

   

160 

So despite the 
fact that I weigh 
more than you, 
we will, I cannot 
begin to rotate 
around here, 
because then you 
will be a bit that 
way, because 
there is nothing 
left to hold you in 
position   

Moves in a way 
as to catch up 
with her, and 
points at where 
he stood before 
to show that 
there is nobody 
left to interact 
with her 

     
161 

   
Aah… 

    

 
Figure 8: The orbits when the mass of the purple body is lowered to 110 (left) and 50 (right), 

compared with the yellow body’s mass of 150. 
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5.4.1.1 Excerpt A summary 

 

Beth finds a good way of explaining what it is that causes the “strange” motion of the star 

system, namely that the orbital periods are the same. Adam then offers an explanation by 

using the term “counter force”, relating to Newton’s third law (line 148). He argues that if one 

planet would rotate faster than the other one, then “no counter force would be created” (line 

151). While this formulation is problematic, it still indicates an understanding that the system 

would not move in the same way if the angular velocity of one of the stars were to change. 

Adam then goes on and clarifies his point by enacting an analogy that involves him and 

Beth holding hands and rotating together around the point where their hands meet (figure 9). 

He uses this familiar type of motion to explain why the two bodies need to have the same 

orbital period. Beth seems to understand what Adam tries to convey, and makes the 

connection that the two suns are “holding each other in some way”, just as the two of them 

are. 

 

 
Figure 9: The students constitute an analogy between the binary star system and the familiar 

situation of two people rotating together, and use it to explain why the two bodies in a binary 

star system have the same period time. 

 

5.4.1.2 Possible interventions 

 

While there are several possible moments in this discussion where a teacher could 

intervene, I will use this example to argue that sometimes the students are best left on their 

own, at least until they have reached a halt in their discussion or until they drop the topic for 

something else. If someone had intervened early on in this case, the students would not have 

gotten the chance to apply their earlier knowledge to make sense of this new phenomenon, as 

well as relate it to more familiar phenomena. The students explore together and explain to one 
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another in a way that I as a teacher could not do. They work together as collaborators instead 

of having a teacher-student kind of relationship. The explaining that occurs is also mutually 

beneficial, as the explainer gets to formulate novel ideas and has to present his or her thoughts 

clearly enough for the other party to understand. Eventually though, a teacher might need to 

correct, clarify or point out some limitations in the students’ arguments. Still, to me this 

shows that an important part of responsive teaching is allowing students to come up with their 

own explanations, instead of immediately providing teacher-formulated canonical 

explanations and answers to students’ questions and inquiries. 

 

5.4.2 Excerpt B 

 

Following the discussion above, I use the students’ analogy to point out the role that forces 

play in sustaining rotational motion, both for two people rotating around one another and for a 

binary star system. 

 

# 

Adam Beth 

Elmer talk 
Talk Gesture 

Interaction 
with IWB 

Talk Gesture 
Interaction 
with IWB 

162 
      

In that situation, 

you are pulling 

at one another 

with forces 

(extends his 

hands as they 

did) 

163 Yes 
     

If you try to 

imagine, force-

arrows, or 

forces on those 

objects how- 

(points at the 

IWB) 

164 That is like… 
     

how will they be 

directed and 

can you see 

any similarities 

with- 

165 

I mean, they are 
directed, towards 
one another, all 
the time 

Traces each 
body with one 
index finger, 
always pointing 
the fingers 
towards one 
another 

     

166 
   

No, here they 
will be directed 
away from one 
another 

Holds her fingers 
at the positions 
where the stars 
are furthest away 
from one 
another, and 
points them 
away from the 
center of mass 

  
167 No 

      
168 

   
No? 

   
169 

Because you can 
see, 
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170 
  

Pauses the 
simulation at the 
moment the stars 
are closest to one 
another 

    

171 

You see now 
they are directed 
like so 

Points from each 
star towards the 
center of mass 

     

172 

That is why they 
go around each 
other 

Traces a small 
circle with right 
hand 

 
Ahh, I see 

   

173 
   

And then they 
are directed 
towards one 
another, and 
then, yeah 

Points her 
fingers towards 
one another 
while tracing the 
orbit of each 
body 

  
174 

  

Starts the 
simulation 

    

175 

So here they are 
directed towards 
one another 

Points his fingers 
towards one 
another while 
tracing the orbit 
of each body 

     
176 

   

Towards one 
another, okay Nods 

  

177 

So… their forces 
can be 
represented as 
our hands 

Points his index 
fingers towards 
one another in 
front of him, then 
extends his 
hands as they 
were circling one 
another as 
before 

     
178 

   
Mm 

   

179 

So for the two of 
us to be able to 
rotate around, 

Points a finger 
upward and 
rotates it in 
circles 

     

180 

you have to lean 
back more, than I 
need to 

Points at Beth, 
then at himself 

     

181 
   

And I need to 
have a larger 
orbit! 

Traces the orbit 
of the lighter 
purple body with 
a finger 

  
182 Exactly 

      
183 

   
Neat! 

   
184 

 

Cracks his 
fingers 

     

185 
   

Now we can 
add one of 
those… 

Adds a third 
body  

   

5.4.2.1 Excerpt B summary 

 

After my intervention, Adam explains to Beth why the forces are always pointed towards 

one another. Being able to combine gestures with what is going on at the screen, he is able to 

express meaning that would be more awkward to convey using a smaller touchpad or a laptop 

with a mouse. The students then take the analogy one step further by including forces, by 

adding that the pair of forces the students exert on each other with their hands, correspond to 

the gravitational forces that the two stars exert on each other (line 177). Adam also uses the 
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analogy to take mass differences into account, by stating that a lighter person needs to “lean 

back” more than a heavier person (line 179-180), from which Beth concludes she then “needs 

to have a larger orbit” (line 181), just like the less massive star has a larger orbit than the 

heavier one. At this point, the students seem satisfied with what they have learned, and 

continues by adding new bodies and moving on to new challenges. 

 

5.4.2.2 Actual interventions and student responses 

 

This intervention successfully leads to some progress in the students’ explanation of the 

phenomenon. As expected, the students make the connection between the forces on the 

planets and the forces they feel when rotating together. However, they start to take the 

analogy too far when trying to include differences in mass and orbit size. 

 

5.4.2.3 Possible interventions 

 

Here, the role of the teacher can be to help summarize what the students have learned, and 

also to challenge their results. While analogies can be an excellent tool to make sense of 

physical phenomena, there is always a risk that students interpret parts of the analogy in an 

unintended way. The analogy used above succeeds in explaining why the orbital periods must 

be the same, but it cannot be used to explain some of the other, related phenomena. For 

example, in the case of two people rotating together, the distance between their bodies, as 

well as the force exerted on each body are always constant, and the bodies do not necessarily 

revolve around the center of mass. This is not the case in a binary star system, so attempting 

to use the analogy to explain the difference in size of the orbits will not be fruitful. In general, 

it is important to make clear what the similarities between the two domains are, and to 

identify where the analogy breaks down when using analogies in teaching (Jeppsson & 

Haglund, 2013). So, the r needs to help the students realize the limits of the analogy, and offer 

a more general explanation that can be used to explain more of the workings of a binary star 

system. 

One way to explain the star system’s behavior is to consider that both stars rotate around 

the center of mass, which lies somewhere along the line joining the two stars. This means that 

the two stars must orbit with the same period time, because if their period times were not the 

same, they would not remain on opposite sides of the center of mass. This can also be used to 

explain how the mass difference and the size of the orbits are connected. The heavier body is 

located closer to the center of mass, resulting in a smaller orbit, while the opposite is true for 

the lighter body. 

 

5.4.2.4 Other comments 

 

In this episode, the students use a large arsenal of gestures, whole body movements and 

interactions with the IWB in their effort to make sense of the binary star system. Such use of 

multiple representations to communicate is commonly studied using a so called multimodal 

approach (Jewitt, Bezemer, & O’Halloran, 2016). The term multimodality refers to how there 
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can be several ways to make meaning, such as through text, speech, gestures or pictures. 

Instead of studying these aspects of an interaction one at a time, a multi-modal approach tries 

to present the whole picture and analyze it. While I use multi-modal transcriptions to present 

my data, I do not go into much detail analyzing the multimodality aspect. Therefore, there is 

certainly much more to be said about these episodes from a multimodality perspective. 

Especially interesting in this context is the question of whether the combination of simulations 

and IWBs lead to greater use of gestures and other meaning-making resources.  
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6 Discussion and implications for instruction 
 

I have given some examples of situations that lend themselves to responsive teaching 

interventions, discussed some of the possible ways in which a teacher can intervene, as well 

as how the students responded to some actual teacher interventions. The presented examples 

of situations can be divided into five broad categories, which I propose are suitable for 

guiding teacher intervention. They are: 

 

• When students need technical or theoretical guidance in order to set up experiments 

to test their ideas 

• When students observe unexpected phenomena that catch their interest 

• When students try to use earlier knowledge to explain new phenomena, or make 

connections between what they know and what they are exploring 

• When students disagree on a topic 

• When students do not know how to make sense of their findings from observational 

or testing experiments 

 

This list is by no means exclusive or complete, but it summarizes the types of interventions 

discussed in my analysis but also, and more broadly, is informed by recurring themes that 

came up during the work of all three groups of students who participated in the study. 

Responsive teaching can of course be applied to student driven inquiry other than exploration 

through simulations, such as, laboratory activities, demonstrations, or class discussions. I 

speculate, however, that the situations suitable for teacher intervention will bear significant 

resemblance to the ones described above. A suggestion for further research is to make studies 

in related contexts and see if these cases are generalizable, and how the list can be further 

expanded and improved. 

A teacher striving to teach responsively will benefit from being familiar with the types of 

situations described above and should strive to develop strategies for dealing with them. In the 

examples given in this paper, the strategy, or teaching philosophy used to craft my responses, 

was based on the ISLE teaching philosophy. However, there are of course many other 

approaches a teacher can take in the pursuit of effective responsive teaching. I encourage 

teachers to find one that best suits them and their students. 

In my examples, and during the activity more generally, the students came up with a large 

variety of questions and ideas and moved through them rapidly. Some of them turned out to 

be deep and difficult to test, and challenging for me, even when I had time to sit down and 

think through them. In particular, questions about why a phenomenon occurs can prove 

especially difficult to motivate with anything other than “because that is just how the laws of 

physics work”, which is not a very satisfying answer. Yet, one can explain how, as science 

offers explanations rather than motivations. The question of why the earth revolves around the 

sun implies a purpose, and is better rephrased as how the earth revolves around the sun. 

In a real classroom, the teacher cannot respond to all student input, and therefore needs to 

decide what the objective of a lesson should be and what learning goals to focus on. This 

problem of choosing when and how to respond requires a skilled teacher, with enough 
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experience to find a good balance between responding to student ideas and moving the lesson 

forward. The teacher also needs to be able to manage the classroom environment as well as 

the technology effectively. This is in agreement with previous research on knowledge 

required for effective teaching with technology (Koehler & Mishra, 2009). Furthermore, in a 

whole-class environment, or when dividing the class into several groups, the task becomes 

more demanding as the teacher cannot monitor one group exclusively as I was able to do in 

my study. In this setting, more scaffolding and resources will be needed, such as written 

instructions or provided examples. 

While the focus of this work has not been to compare the two simulations and their 

suitability to be used within the context of responsive teaching, some of the differences in 

their design may have implications for how they can best be used - an interesting theme for 

further study. Another suitable topic for further investigation would be to compare the pros 

and cons of structured simulations like Phet versus open-ended ones like Algodoo. Based on 

my experience, I speculate that open simulations are more appropriate when it comes to 

creating testing experiments to test hypotheses, as they are more flexible, allow for measuring 

a larger number of physical quantities and have fewer limitations in general. However, the 

learning curve for open simulations are steeper, so they are not of much use if the students are 

not comfortable using them. 

Another difference might be in what kinds of inquiry the students undertake when using 

the two kinds of simulations. In my case with Algodoo, the students are presented with a very 

general question and an almost empty board apart from the sun in the middle, leaving them 

with little but their curiosity and creativity as tools to expand their previous knowledge. 

Comparatively, in the Phet simulation the students can start by looking through the presets 

where they can find plenty of inspiration and can get a sense of the kinds of phenomena that 

are possible and available to be investigated. From what I have observed, most students say 

that they would prefer, and learn more from the Phet activity, which is probably true. Yet, 

students may underestimate their own creativity and resourcefulness when it comes to 

exploring open problems, like the one presented to them in Algodoo, and often do much better 

than they would have anticipated beforehand. One of participating students also expressed this  

in the post-interview. A major benefit of open simulations is that students can start from what 

they know and gradually build from there. In the structured simulations, there is a risk that 

students explore specific phenomena and try to explain them without first having a general 

understanding of the underlying concepts. For example, if students started their work with the 

simulations of gravitational slingshots in Phet’s “My solar system”, this would have presented 

a perhaps too great of a challenge to tackle as their first step. 
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7 Conclusions 
 

To investigate how responsive teaching can be applied to a learning activity consisting of 

student exploration of simulations about orbital motion, I conducted a qualitative study 

involving three pairs of Swedish upper-secondary students. From the gathered data, four 

episodes, involving one pair of students, were selected and presented in detail, providing 

insight into the processes of student engagement with the technology and the topic, resulting 

in practical knowledge about how responsive teaching can be applied in practice in this 

setting. Apart from serving as inspiration for teachers and researchers, some other conclusions 

can be drawn from the results of the study. 

Across all groups, the simulations in combination with the interactive whiteboard were 

found to generate a large variety of student ideas about a topic that was new to them. The 

students were quite independent in this process, and did not rely on the instructor to find new 

phenomena to inquire about. This naturally led to many suitable situations for teacher 

intervention, the five most prominent being when students observed something unexpected, 

tried using earlier knowledge to explain new phenomena, disagreed on a topic, did not know 

how to make sense of their results or needed technical or theoretical guidance on setting up 

experiments to test their ideas. The ability of the teacher to successfully intervene in these 

situations are dependent on his or her capability to guide student interest and offer technical 

and theoretical assistance where needed. 
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Medgivande att delta i en vetenskaplig studie 
 
 

Som mitt examensarbete kommer jag1 och min handledare2, i samarbete med forskargruppen 
inom Fysikens didaktik vid Uppsala universitet, att genomföra en studie med syfte att undersöka 
hur gymnasieelever kan lära sig fysik med hjälp av digitala verktyg och simuleringar inom ämnet 
astronomi. Vi är intresserad av hur du, dina klasskamrater och andra fysikstuderande interagerar 
med mjukvaran som en del av en lärandeaktivitet. 

 

Villkor för deltagande 

Om du väljer att delta i denna studie kommer du, tillsammans med en kamrat, att få besöka 
oss på Ångströmlaboratoriet där du kommer att få en introduktion till programmet Algodoo samt 
Phet’s simulering ”My solar system”, och därefter genomföra en aktivitet om Keplers lagar. När 
vi är klara avslutar vi med en kort intervju där du får reflektera över aktiviteten. Introduktionen, 
laborationen samt intervjun kommer att filmas med videokamera och beräknas ta cirka två 
timmar. 

 

Hur genomförs forskningen och hur kommer det insamlade materialet att 
behandlas? 

För att se till att alla deltagare behandlas etiskt kommer datahanteringen i denna studie ske i 
enlighet med etablerad svensk forskningsetik. 

Det är viktigt att du förstår hur din personliga information och integritet kommer att skyddas 
under hela processen. Personlig information innefattar data som ditt namn, adress, 
telefonnummer, eller någon annan information som kan koppla dig till denna studie. Om någon 
sådan information samlas in kommer den inte att finnas med i det transkriberade 
analysunderlaget, utan kommer istället att lagras separat. Du kommer att identifieras med ett 
påhittat namn om/när det hänvisas till dig i analysen av datan. 

Om det finns risk att du kan identifieras utifrån en video-bild kommer den att censureras. 
Om annan personlig information kan härledas ur ett visst avsnitt av aktiviteten så kommer den 
inte finnas med i någon sorts publikation, om vi inte får ett separat skriftligt tillstånd att 
offentliggöra sådana episoder. Du kan när som helst kräva en kopia av all information som rör 
dig och ditt deltagande och du kan välja att avsluta ditt deltagande när som helst under 
aktiviteten. Väljer du att avbryta ditt deltagande under studiens gång kan vi fortfarande komma 
att använda den data som vi samlat in, i enlighet med principerna ovan. 

Enligt svensk lag är vi tvungna att arkivera forskningsmaterial. Materialet från denna studie 
kommer att arkiveras på ett säkert sätt på en krypterad eller på annat sätt låst hårddisk och ingen 
obehörig person kommer att ha tillgång till materialet. Resultatet av denna studie kan komma att 
publiceras i akademiska journaler eller i en avhandling. Studien kan även komma att diskuteras 
vid vetenskapliga konferenser före eller efter publikation. 

Om du samtycker till denna beskrivning av användandet av forskningsdata och är villig att 
delta i denna forskningsstudie, vänligen skriv under nedan.  

 
_______________________  __________________________  _______________________       
  Namn (textat)         Signatur                    Datum 
1 Elmer Rådahl, elmer.radahl@hotmail.com 
2  Bor Gregorcic, bor.gregorcic@physics.uu.se 
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Ytterligare medgivande för användning av 
ocensurerad videodata 

(insamlat som del av ett forskningsprojekt om användning av digitala 
verktyg inom fysikinlärning. Kontaktpersoner Elmer Rådahl1 och Bor 
Gregorcic2) 

 
Efter slutförandet av dagens aktivitet bör du ha en bättre uppfattning av hur pass känslig den 

insamlade informationen är. 
 
Analysen av den insamlade datan från denna studie kommer, bland annat, inkludera en 

diskussion om hur du och din partner interagerade med simuleringarna och med varandra. I den 
tidigare medgivande-blanketten förklarades det hur all data kommer att anonymiseras till den grad 
att ingen identifierande information kommer att delas med någon utanför forskningsgruppen; vi 
vill dock nu fråga om du vill tillåta användandet av ocensurerad video i publikationer och 
presentationer till allmänheten. 

 
Användandet av ocensurerade bilder eller videoklipp i det material som publiceras från denna 

studie skulle kunna låta forskargruppen beskriva hur du och din partner kommunicerade mer 
ingående. Majoriteten av nuvarande forskning om studenters användande av teknologi använder 
sig av statiska, censurerade bilder, så användandet av dynamiska videoklipp från dagens aktivitet 
skulle kunna vara banbrytande inom forskningsfältet. 

 
Forskningsgruppen kommer fortfarande låta bli att publicera någon annan sorts personlig 

information, i enlighet med den tidigare medgivandeblanketten. Närhelst det är möjligt kommer 
vi att använda videodata som visar så få identifierande drag som möjligt och vi kommer att avstå 
från att använda data som vi tror kan porträttera deltagaren på ett negativt sätt. 

 

Utökat medgivande 

Vänligen indikera nedan din grad av villighet att tillåta användande av ocensurerad video i 
publikationer eller presentationer (välj endast en): 

 

    Jag tillåter användandet av video av mitt ocensurerade ansikte och min 
kropp, i vetenskapliga publikationer och presentationer. 

 

     Jag tillåter ett begränsat användande av videodatan. Mer specifikt så tillåter 
jag användande av ocensurerad video av  

  mitt ansikte    ja   nej 

  min kropp (inkluderar ej ansikte)  ja   nej 
 

   Jag tillåter inte användandet av mitt ocensurerade ansikte och min kropp, i 
vetenskapliga publikationer och presentationer. 

 
Vänligen skriv under nedan efter att ha bockat för en av rutorna ovan.   
 

_______________________  __________________________  _______________________       
  Namn (textat)         Signatur                    Datum 
1 Elmer Rådahl, elmer.radahl@hotmail.com 
2  Bor Gregorcic, bor.gregorcic@physics.uu.se 

 


