Constraints and the Balancing Act Problem from Games
Klahr has emphasized the role of constraints on the search for hypotheses.  One approach to solving the Balancing Act problems appears to employ constraints in a way that parallels what Klahr’s BigTrak and BT microworld subjects experienced, particularly when confronted with the Mystery Key.  What we see here may employ constraints in successive steps that are analogous to the cryptarithm problems (SEND + MORE = MONEY).


The Balancing Act problems that use nine positions and nine integers invite investigation of 9! possible arrangements, only one of which is correct.  So constraints on the hypothesis space would be helpful.  The technique of systems of equations also employs constraints, but in some instances what follows might be faster and might show the constraining ideas of Klahr better and in a gradual progression.

For Act One attached, and labeling the bottom three G, H, and I from left to right, the relationship 3G + H = I generates the following possibilities:

	G
	H
	I
	With these values, the number of solutions is now constrained to these seven possibilities ( the possible number of rearrangements of the remaining six, or 7 ( 6! .  

The next step is to list the sums G + H + I, as this sum balances two weights at the next level.  With these two labeled E and F from left to right, the relationship 

G + H + I = 3E + F 

appears, and another table is suggested.   

	1
	2
	5
	

	1
	3
	6
	

	1
	4
	7
	

	1
	5
	8
	

	1
	6
	9
	

	2
	1
	7
	

	2
	3
	9
	

	3
	can’t
	


	G
	H
	I
	G+H+I
	E
	F
	Each of the four remaining possibilities accounts for five values, leaving 4! values to be determined.  The search is now constrained to 4 ( 4! possibilities. 

The sum of E + F + G + H + I is needed now to balance C + 2D.  Another table is suggested. 

	1
	2
	5
	8
	can’t*
	

	1
	3
	6
	10
	2
	4
	

	1
	4
	7
	12
	2
	6
	

	1
	5
	8
	14
	4
	2
	

	1
	6
	9
	16
	3
	7
	

	2
	1
	7
	10
	can’t**
	

	2
	3
	9
	14
	can’t**
	


* Impossible. Smallest available E value = 3, and 3E > G + H + I .
**  Available values do not produce the needed sum.

	G
	H
	I
	G+H+I
	E
	F
	E+F+G+H+I
	C
	D
	The only choices now involve A and B, and there are only two of these.  Constraint City has been found.

	1
	3
	6
	10
	2
	4
	16
	can’t
	

	1
	4
	7
	12
	2
	6
	20
	can’t
	

	1
	5
	8
	14
	4
	2
	20
	6
	7
	

	1
	6
	9
	16
	3
	7
	26
	can’t
	


Not every one of these examples lends itself to this approach as easily.  Let’s start Act 4 and see.

Labeling the bottom four weights from left to right as F, G, H, and I, the relationship 4F + 2G + H = 2I is needed first.  A little number sense or theory shows one constraint, that H must be an even number.  Also, the sum 4F + 2G + H must not exceed 18.  Here are possibilities:

	F
	G
	H 
	4F + 2G + H = 2I
	I
	Note first that sixteen possibilities have been generated.  (There may be more.)  This is a larger number than for Act 1.  The benefit is that each of these sixteen possibilities ties up four of the nine values available.

This and a look at the drawing suggest that the next step might be to label the next three up left-to-right as C, D, and E.  So

C = D + 2E

and for each of the sixteen (or more) the available numbers are tried.  

For the first line at left, the numbers 1, 2, 6,  and 7 have already been chosen. Using 3, 4, 5, 8, and 9, we see that nothing works.  The value of C must be large, and this quickly narrows the search.

	1
	2
	6
	14
	7
	

	1
	2
	4
	12
	6
	

	1
	3
	8
	18
	9
	

	1
	3
	6
	16
	8
	

	1
	3
	4
	14
	7
	

	1
	3
	2
	12
	6
	

	1
	4
	6
	18
	9
	

	1
	4
	2
	14
	7
	

	1
	5
	4
	18
	9
	

	1
	5
	2
	16
	8
	

	1
	6
	2
	18
	9
	

	2
	1
	8
	18
	9
	

	2
	1
	6
	16
	8
	

	2
	1
	4
	14
	7
	

	2
	3
	4
	18
	9
	

	3
	1
	2
	16
	8
	


A good strategy at this point might be to constrain search of the sixteen possibilities to only those where 1 or 2 are not used, so that E can be either 1 or 2, allowing more flexibility for D and C.  This reduces the number of possibilities from sixteen down to six.  Of these, one ties up the numbers 8 and 9, which restricts the chances of a good choice for C.  The remaining five choices yield a total of eight possible choices for C, D, and E.  So while each of these eight choices limits the choices of A and B to just two, there are still these 8 ( 2 = 16 choices, and Act 4 is not as good a problem for this “bottom-up table constraints” method.

