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CONCLUSIONS 
 

Our initial data has suggested that our multiple scale fluid 
model is useful and productive: 
ü We are confident in claiming that the majority of students are 

comfortable reasoning with our multi-scale model, and do so 
productively when asked to describe fluidic situations, specifically: 
•  Reasoning about vacuums using ideas of fewer collisions and 

pressure gradients instead of “sucking” 
•  A more expert-like conceptual understanding of both flow 

conservation and the pressure gradient required to move fluids 
according to Bernoulli’s principle 

•  Students are chaining successfully (a highly ordered cognitive 
task) and show evidence of using p-prims productively 

THEORETICAL PERSPECTIVE 
Resource Theory Framework [Hammer 2000, Wittmann 2006] 
ü Students have many cognitive resources (like Lego blocks) which 
they can use to chain together to create a new understanding of 
physical situations 
ü We design our interventions to activate potentially useful resources 
for reasoning about fluids (e.g., phenomenological primitives, 
symbolic reasoning, reconciliation, chaining) 
Mechanistic Reasoning [Russ 2008] 
ü Mechanisms are arrangements of features that (allegedly) ensure a 
stable relationship between ‘inputs’ and ‘outputs’ 
ü We adopt the use of phenomenological primitives as the causal 
relationships between these inputs and outputs to explain physical 
situations pedagogically 
ü For example:  “If temperature stays the same and mass decreases 
(input), then to keep kinetic energy the same (mechanism/p-prim), 
velocity must increase (output).” 
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Our simplified conceptual model of chaining using Resource 
Theory as a framework 

PREVIOUS WORK 
Several studies by the University of Washington Physics Education Group 
indicate that students’ lingering misunderstandings about balancing forces, 
change of momentum in collisions, and differences between microscopic and 
macroscopic properties lead to significant difficulties when reasoning about 
fluids: 
ü Archimedes Principle (Loverude et al. 2003) 
ü Ideal Gas Law (Kautz et al. 2005) 
ü Hydrostatic Pressure (Loverude et al. 2010) 
ü Kinetic-Molecular Theory of Gases ( Robertson et al. 2013) 

Our next steps thus include: 
ü  Refining our interventions based on student feedback and preparing 

a matching set of lectures 
ü  Continuing to extend our thinking on mechanistic reasoning and 

generating a theory regarding the structure of chains in our context 

Air Molecules 

OUR DATA 
To assess the effectiveness of this mechanistic multiple scale approach, data was collected via assessments, pencil and paper exercises, and in-vivo lab video data from 300 
students during the fall semester IPLS course at the University of New Hampshire. We present here specific results regarding student reasoning about Bernoulli’s principle, 
the drinking straw, and a multiple gas type problem, highlighting student’s use of chaining and phenomenological primitives. 

THE MULTIPLE-SCALE MODEL 

To clarify how mechanistic and multi-scale reasoning can be 
used to explain fluid flow, consider the motion of fluid up a 
straw: 
1)   Air molecules (microscopic scale) collide with the top 
layer of liquid (mesoscopic scale) thereby exerting pressure 
on the fluid layer 
2)   Mechanistically, when the person inhales, the number of 
molecules in the mouth decreases meaning the number of 
collisions decreases, and therefore the pressure decreases 
3)   This newly created pressure gradient between the mouth 
and the column of fluid below the straw (macroscopic scale) 
causes the upward acceleration of the fluid in the straw 

Fluid Molecules 

“Slice” of Fluid 

BERNOULLI’S PRINCIPLE (quantitative results) 

THE DRINKING STRAW (qualitative results) 

TWO-GAS PROBLEM (mechanisms and chaining) 
Overview of Intervention Ideas:  
1)  Build from non-compressibility of liquids to flow conservation 
2)  Use flow conservation to argue for changes in velocity 
3)  Bridge to the need for a pressure gradient to accelerate the liquid 
Pre/Post Assessment Question: 
How does the pressure at point A compare to the pressure at point B? 

A B

CLASS Pre-
Instruction 
Correct 

Post-
Instruction 
Correct 

Gain 
(Normalized) 

Fall 2010 
(Lecture only) 

No Data 0/250 0% 

Fall 2013 
(Worksheet) 

0/300 262/300 87% 

Sample Student Responses (2013) : 
ü "Acceleration requires a pressure gradient, 
specifically a decrease in pressure to facilitate an 
increase in velocity as width narrows.” 
ü “To keep all the liquid moving through the narrow 
space requires a higher pressure to push it through 
faster.” 

Overview of Intervention Ideas: (for both straw and two-gas problem)  
1)  Describe vacuums as a lack of molecules 
2)  Describe microscopic pressure as molecular collisions 
3)  Kinesthetically experience the effect of a pressure gradient by tossing tennis balls at a large beach ball.  
 

Intervention Question: 
Say you have a glass chamber with fixed volume containing 10 hydrogen molecules and you 
measure the pressure. Then you replace the hydrogen molecules with 10 oxygen molecules at the 
same temperature, what will happen to (a) the frequency of the molecular collisions, (b) the 
strength of those collisions, and (c) the overall pressure? (Increase/Decrease/Not Change) 
 
Here we present a typical transcript of in-class student reasoning with important cognitive tasks 
highlighted 

Homework Question: If you have two drinking straws, one immersed in a 
liquid and one open to air, and you suck on them at the same time, why 
can’t you draw liquid up the first straw? 
Sample Responses: 
“With a two straw experiment, no drink comes up the straw in the liquid.  
This is because the straw with the bottom tip in the air is sucking up air, 
which made the air pressure in the mouth equal the air pressure outside the 
mouth, and thus, the necessary vacuum normally created when one straw is 
used is not at play.” 
“…nothing will happen because the pressure in your mouth is equal to the 
atmospheric pressure. When pressures are equal, no movement happens.” 
Note in both answers the refined understanding that a pressure gradient 
is a necessary condition for fluid motion to occur 

Student 2: …everything else being equal, the pressure will be equal too. So 
if temperature, volume, gas constant, and number of particles are the 
same for two different systems then the pressure has to be the same for 
those two systems...it’s the ideal gas law, right? If everything is ideal, not 
worrying about any addition or subtractions from energy, if all four 
variables from one equation equal the same four variables in another 
equation, then they’re going to equal the same thing. Right? 
Student 3: Oh yeah, definitely. 
Student 1: Wait…their kinetic energies are different 
Student 2: No, their kinetic energies have to be the same, but their 
velocities are going to be different and velocity isn’t included in PV=NRT. 
The one that has a larger mass is going to have a smaller velocity, that’s 
how K is going to be equal to the other K. Nathan’s on the right track in 
that something has to be different…but it’s not the pressure that’s going to 
be different, it’s the velocities that are going to be different. 

Symbolic 
Reasoning 

Use of a P-Prim 
(same is same) 
embedded in 
Symbolic Reasoning 

Reconciliation and 
identification of a 
Foothold Idea 

Chaining via a P-Prim 
(balancing) rooted in a 
Foothold Idea 

Common Student Post Responses 
(2010): 
ü  Force stays the same, and area 

decreases so pressure increases 
ü  Pressure times volume is constant; 

since volume increases, pressure 
decreases 

 

Assessment Question: “How does the 
presence of a vacuum at the top of a straw 
make the fluid accelerate upwards?” 
 
 

N=41 Pre-
test 

Post-
test 

Unclear or blank 37% 2% 
Vacuums want to be filled 15% 10% 
Sucking or pulling force 24% 20% 
Lower pressure without 
reference to gradient 

24% 0% 

Pressure gradient 15% 69% 
Fewer collisions 2% 20% 
Blank or incorrect 76% 32% 

Mass 
Decreases Mechanism 

(balancing) 

Velocity 
Increases 

RELEVANCE TO STUDENTS 

Illustration of the effects of a 
pressure gradient on a medical 
syringe 

Image courtesy of http://www.one-school.net/ 

Biological applications of fluids include the following: 
ü  The circulatory system is constrained in many ways by physics: 

number of capillaries by diffusion rates, length of capillaries by 
Hagen-Poiseuille, and diameters of other vessels by the need to 
minimize work (Vogel 2003) 

ü  Syringes and other medical equipment use the properties of forces 
and pressure in use 

ü Viscosity is important is centrifuges and sedimentation processes 
ü  Boundary layers create microenvironments for organisms in rivers 

and oceans 
 

RESEARCH GOALS 

 
 

ü  Content focus on moving fluids (Bernoulli’s equation, viscosity, 
pressure gradients) 

ü  Design pencil and paper interventions to build conceptual 
understanding 

ü Use multi-scale model (molecular/mesoscopic/macroscopic) combined 
with kinesthetic model (colliding beach balls) and mechanistic causes  
(forces instead of energy) to facilitate student reasoning 

ü Assess with a combination of pre/post testing and detailed analysis of 
student reasoning as they work on the interventions 

Proper chain 
using constant 
kinetic energy 
as the foothold 
idea 

We collected two sets of data: the first was a pre/post assessment regarding the functionality of a single straw, the 
second was a post-instruction homework extension problem on using two straws simultaneously 


