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STUDENTS WORK IN 
SMALL GROUPS

OPPORTUNITES TO 
IMPROVE WORK

The Investigative Science Learning Environment (ISLE) approach 



Examine slides 6- 10 below. What do you notice about the development of a
concept? 

In your team outline the progression from qualitative to quantitative and 
make a list of reasons why qualitative should precede quantitative.

Note: I skipped testing experiments.



Video at: https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-experiment-
video-2 

https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-experiment-video-2
https://mediaplayer.pearsoncmg.com/assets/_frames.true/secs-experiment-video-2










Team 1 Using slides 6-10 Outline the progression from qualitative to quantitative and 
make a list of reasons why qualitative should precede quantitative

1. Link between motion diagram and force diagram: the direction of the velocity change vector is in the same direction as the net 
force.

2. Given a force diagram, come up with possible motions for that force diagram.
3. Type of relationship between strength and direction of force and the resulting acceleration of a cart (proportional).
4. Math relationship between mass of cart and resulting acceleration (inversely proportional).
5. Combines #3 and #4 into the equation for Newton’s Second Law (a = F/m). Contrasts the difference between the operational 

definition of acceleration and the acceleration in Newton’s Second Law equation.

Reasoning: Intuition, observations, and representations are very important -- get students reasoning first without math, then build in the
math later. Allows for multiple ways to observe/describe the same phenomena.



Team 2 Using slides 6-10 Outline the progression from qualitative to quantitative and 
make a list of reasons why qualitative should precede quantitative

Slide 6: Students need to describe 3 experiments with words and then translate them into motion 
diagrams, and force diagrams. Students will find qualitative patterns as to what aspect of the motion and 
force diagrams are similar to one another (this ends up being the direction of the net force in comparison 
to the direction of the change in velocity vector). Only qualitative.

Slide 7: Shows how a force diagram can represent completely different motion “stories”. This helps 
students to understand that force diagrams alone do not tell us the full story of an object’s motion. Helps 
students to build on the knowledge they learned from slide 6 (a net force causes a change in velocity, so 
since there is no net force here, there should not be any change in velocity). Only qualitative.

Slide 8: Translate between motion diagrams and a graphical representation. Students will see how the 
magnitude of the slope of the graphs relate to the length of the change in velocity vector in the motion 
diagram. Starting to bring in quantitative descriptions of the motion.

Slide 9: Finding a quantitative (and graphical) relationship between 2 physical quantities (mass and 
acceleration), and graphing the data.

Slide 10: Translating the graphical relationships found between the different physical quantities and 
converting them into a mathematical relationship.



Team 3 Using slides 6-10 Outline the progression from qualitative to quantitative and 
make a list of reasons why qualitative should precede quantitative

6. Diagrams force students to link kinematics and dynamics concepts.

7. This exercise helps construct multiple scenarios for the same diagram, emphasizing that force is 
proportional to acceleration and not velocity.

8. Moving beyond the idea that the sum of forces points in the direction of change in velocity towards a 
precise mathematical relationship. Graphs form a bridge from graphical to symbolic representations.

9. Deriving proportional relationships by graphing acceleration versus number of carts (mass) and 
linearizing the data.

10. Looking at limiting cases in the algebraic expression.

Representations are constructed based on students’ prior knowledge 



Team 4 Using slides 6-10 Outline the progression from qualitative to quantitative and 
make a list of reasons why qualitative should precede quantitative

- Students can clearly see from where the equations come from
- Students won’t automatically use equations (just plug and play), they’ll see 

meaning in them
- Physical experience of the phenomena (for example pushing the ball)  makes 

a deeper impact on the learning 
- Multiple representations before introducing math 
- Cause-effect equations naturally comes from experience 
- Extreme cases add to our understanding
- The operational definition of acceleration may make more sense from ex 3.1 where the motion 

diagrams will help the learners’ understanding.





Problem solving transition

Examine the worked example below. How are the same ideas implemented in the 
problem solving procedure? 





Team 1 Examine the worked example on slide 16. How are the same ideas 
implemented in the problem solving procedure? 



Team 2 Examine the worked example on slide 16. How are the same ideas 
implemented in the problem solving procedure? 



Team 3 Examine the worked example on slide 16. How are the same ideas 
implemented in the problem solving procedure? 



Team 4 Examine the worked example on slide 16. How are the same ideas 
implemented in the problem solving procedure? 



You have a V-shaped piece of foam with a metal cylinder attached to it.

You squeeze the foam and insert it between two parallel vertical wooden planks as shown in 
figure 2b. When you release the foam, the foam-cylinder object moves down with approximately 
constant acceleration of (see the video https://youtu.be/gVghm99kQXA ).

Let the initial state be when the object is at rest at the top of the wooden planks (figure 2a) and 
the final state before the object hits the table.

a. Draw a force diagram for the object when it is somewhere between the initial and the final 
state.

b. Use the force diagram to write Newton’s second law in component form.

c. Find the expression  the speed of the object in the final state. Evaluate the expression that you 
derived (check units and analyze limiting cases).

Read the problem below and work with your team to provide a 
solution. How does this problem implement conceptual to 
quantitative transition?

https://youtu.be/gVghm99kQXA
https://youtu.be/gVghm99kQXA


Team 1 Read the problem on slide 21 and work with your team to provide a solution. How 
does this problem implement conceptual to quantitative transition?



Team 2 Read the problem on slide 21 and work with your team to provide a 
solution. How does this problem implement conceptual to quantitative transition?



Team 3 Read the problem on slide 21 and work with your team to provide a 
solution. How does this problem implement conceptual to quantitative transition?



Team 4 Read the problem on slide 21 and work with your team to provide a 
solution. How does this problem implement conceptual to quantitative transition?





https://docs.go
ogle.com/pres
entation/d/1Eu
2GVstC6fW4Z
CCGX88UDvF
tT19APpzUJX
57mgzTO9Y/e
dit#slide=id.g1
2b36bb8491_0
_6
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https://docs.google.com/presentation/d/1Eu2GVstC6fW4ZCCGX88UDvFtT19APpzUJX57mgzTO9Y/edit#slide=id.g12b36bb8491_0_6
https://docs.google.com/presentation/d/1Eu2GVstC6fW4ZCCGX88UDvFtT19APpzUJX57mgzTO9Y/edit#slide=id.g12b36bb8491_0_6
https://docs.google.com/presentation/d/1Eu2GVstC6fW4ZCCGX88UDvFtT19APpzUJX57mgzTO9Y/edit#slide=id.g12b36bb8491_0_6


Summary

What did you learn about the progression from conceptual to quantitative and how
will this meeting affect your teaching?


