
= ( cos )  
=  

 

=  
 

= ( cos )  
=  

=
1
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=
1
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=
1
2 . . . +

1
2 . . .

 

=  
 

=  

=  
 

=
1
2

( )  

Constitutive.GWEP 

= , = 0 
-or-

= ,  is very interesting
-or-

= ,  is easy to express
OS.S.ChCons.Imp 

 

= ,  

=  
 

. . ., = , + + ,

+ +  

Constitutive.ImpMom 
 

, + = ,  
Gov.ImpMom 

= = 0 

Tech.Wpairs 
 

 and  both = 0
-or-

 and/or  is/are very interesting
-or-

 and/or  is/are easy to express
OS.S.ChCons.WChInt 

 

Recognize portion of SHM 
OS/Si.SHM 

 

 

 

  

 

=

 

=
2

 

Eqns.SHM 

 

1 snapshot 
-or- 

1 snapshot representative of many snapshots
OS.T.1. 

 

 
2 snapshots 

OS.T.2 
 

 

 

U/CM 
Si.CM 

 

 

  

+in and +tan 
OS.A.CM 

 

 

 

 

Slipping
Si.Vrg.Sl 

 

Verge of
Si.Vrg 

 

Turning
Si.Vrg.Trn 

 

 

 
 

 

 

 

 

           

=  

=  

=  
 

| | = | | 

 
=  

Constitutive.N2L 
 

   

= sin  
=  

 

. . . =
+ +
+ +  

=  

Constitutive.N2LRot 
 

 

  

= sin  
=  

 

. . . =
+ +
+ +  

= ±  
=  

 

=  

Constitutive.AngImpAngMom 
 

           

Change in 
spring deformation 

 Change in 
height 

Si.ChSprDef  Si.ChHeight 
 

 
 

 
 

    

Constant  
Tech.Const.m 

 

Constant  
Tech.Const.I 

 

 

 

 

 = 0 
-or-

 is very interesting
-or-

 is easy to express
OS.S.ChCons.AngImp 

 

 
   

 

 
Contributor(s) to change in conserved quantity = 0 

-or- 
very interesting 

-or- 
easy to express 

OS.S.ChCons
 

 

    

 

 
 Constant 

inertial property 

 

Rigid 
extended 

body 
 Fixed 

skewer 

OS.S.Const.Inert 

 
Si.RigEx  Si.FixSk 

 

 
Freedom to separately decide on inclusion

of C.O.M. and internal d.o.f.s 
OS.S.IntDOFS

 

  

 

 

= 0 
-or-

 is very interesting
-or-

 is easy to express
OS.A.AOR.NetTorque 

 
AOR(s) 

OS.A.AOR 

 

 

_________ can be the 
axis system(s) 

OS.A 
 

 

 

_________ can be the 
system(s) of interest 

OS.S 
 

+ =  
Gov.AngImpAngMom 

=  
Gov.N2LRot 

=  
Gov.N2L 

_________ can be ____ 
snapshot(s) of interest 

OS.T 

-or- 

-or- 

OS.A.AOR.IndTorque 
 

= 0As many    as possible

DAVID LIAO.COM

+ , + , + = + , + , +  
Gov.GenWorkEnergy 

As many    as possible are very interesting

As many    as possible are easy to express

Example problem Example of relevant portion of 
production system 

Examples of 
possible 

questions 
Examples of possible answers 

Classic problem: “… At what angle should the 
thread be pulled so that the spool does not spin?” 

 
“… Choose an AOR passing through the line 
segment of contact between the spool and the 
floor so that the torques provided by G,E→SPL , 

N,FL→SPL , K,FL→SPL , and STR→SPL  can all 
individually be equal to zero. …” 

 
 

Student: “How 
did you know to 
use …?” 

Me: “The production system suggests 
seeking an AOR that allows for as 
many torques of interest to equal zero 
(OS.A.AOR.IndTorque).” 

Me: “Is this 
problem difficult 
in a way that is 
helpful for 
tomorrow’s 
lesson?” 

Me: “Recognizing the line segment of 
contact between the spool and floor 
as defining an AOR can be difficult 
because students are accustomed to 
identifying AORs that are collinear 
with the common axis of concentric 
circles, illustrated hinges, illustrated 
pivots, and illustrated axles. My 
student is interested in competing in 
the AAPT USAPhO, so practicing this 
kind of ontological shifting would be 
helpful for them.” 

Me: “How can I 
make a problem 
with a layer of 
non-obvious 
ontological 
shifting?” 

Me: “The production system reminds 
me that we can make use of freedom 
in choosing our AOR. We can make 
the choice of a helpful AOR more 
difficult by setting up a problem where 
the AOR does not coincide with the 
axis of concentric circles and does 
not coincide with illustrated hinges, 
pivots, and axles.” 

Parent: “How is 
my child doing?”

 

Me: “Student S is on target for …” 

Constant  
Tech.Const.m 

  

 
   

   

 

 Constant 
inertial property 

 

Rigid 
extended 

body 

OS.S.Const.Inert 

 
Si.RigEx 

 

 

 

= 0 
-or-

 is very interesting
-or-

 is easy to express
OS.A.AOR.NetTorque 

 
AOR(s) 

OS.A.AOR 

 

 

_________ can be the 
axis system(s) 

OS.A 
 

 

 

-or- 

-or- 

OS.A.AOR.IndTorque 
 

= 0As many    as possible

As many    as possible are very interesting

As many    as possible are easy to express

Scoring for spool problem 

Task 

Status 

Uses scenario features to choose analysis using N2L of rotation 

(OS.T.1>Gov.N2L.Rot, Si.Vrg.Trn>Gov.N2L.Rot) or plausible alternative (for 

example, angular impulse-angular momentum-based approach 

(OS.T.2>Gov.AngImpAngMom). 

⭐ Carried out 

Explicitly identified suitable system (OS.S) 

Not carried out 

Choose AOR that allows for analysis of N2L for rotational motion 

(OS.A.AOR.NetTorque) 

⭐ Carried out 

Optional, but helpful: Choose AOR collinear with segment of contact 

between spool and floor (OS.A.AOR.ATorque) 

Not carried out 

Correct analysis of each individual torque using selected AOR 

(Constitutive.N2LRot) 

⭐ Carried out 

Using above relationships, derived condition for angle thread makes with 

horizontal 

Not carried out 

 

Marking period summary: Skill category: Identifying relevant relationships, systems, & axes

 
Task 

Status 
Retrieves and interprets symbols in constitutive relationships explicitly 
specified by problem statement 

⭐ Proficient 
Retrieves and interprets symbols in governing relationship explicitly 
specified by problem 

⭐ Proficient 
Retrieves and interprets symbols in constitutive relationships that are 
required to analyze governing relationships used to solve a problem Developing 
Connects apparent number of snapshot(s) to governing relationship in 
straightforward problems (e.g. before and after, so use a conservation law) ⭐Proficient 
Connects apparent number of snapshot(s) to governing relationship in trick 
problems (e.g. even though the scenario is presented in terms of “before” 
and “after”, separately analyzing the “before” and the “after” as individual 
snapshots with force analysis makes more sense) Developing Identifies system under analysis 

Developing 

Uses identification of system to assist selection of governing relationship(s) 
to apply 

Developing 
 

 

T

fK

θ

FG

N

Sketch production rules before designing, categorizing, solving, and grading problems

Useful links
Chi, M.T.H., Feltovich, P.J. and Glaser, R., “Categorization and Representation of Physics 
Problems by Experts and Novices.” Cogn. Sci., 5: 121-152 (1981). 
doi:10.1207/s15516709cog0502_2

O’Shea, K. “Standards-Based Grading”, Physics! Blog!
https://kellyoshea.blog/standards-based-grading/


