Models in a single assignment:  
int a = 10, b = 20;  

L1)
a = b;                

(M1)The value of b is given to a and b changes its value to zero.

a <- b    
b <- 0
Ans ( a = 20 , b = 0 )    3rd Answer

(M2)The value of b is given to a and b keeps its original value. 
      a  <- b
//
b  unchanged  
This is a right conception of  LHS <- RHS
Ans ( a = 20 , b = 20 )    4th Answer
(M3)The value of a is given to b and a changes its value to zero.

b  <- a

a <- 0
Ans ( a = 0 , b = 10 )    8th Answer
(M4)The value of a is given to b and a keeps its original value.

b  <- a
//
a unchanged  
This is a wrong conception of  LHS -> RHS
Ans ( a = 10 , b = 10 )    5th Answer
(M5)The sum of a and b is given to a, and b keeps its original value.  
a  <- (a + b)
//
b unchanged  
Ans ( a = 30 , b = 20 )    2nd Answer
(M6)The sum of a and b is given to a, and b changes its value to zero.  
a  <- (a + b)   
b <- 0

Ans ( a = 30 , b = 0 )    1st Answer
(M7)The sum of a and b is given to b, and a keeps its original value.

b  <- (a + b)
//
a unchanged  
 Ans ( a = 10 , b = 30 )    not predicted
(M8)The sum of a and b is given to a, and b changes its value to zero.  
b <- (a + b)   
a <- 0
Ans ( a = 0 , b = 30 )    not predicted
(M9)a and b keep their original values. 

a  unchanged
//
b unchanged  


      Ans ( a = 10 , b = 20 )    6th Answer
(M10)Assignment is a simple equation, and then all equal values of a and b are acceptable. 
   Ans ( a = 10 , b = 10 ) and

   Ans ( a = 20 , b = 20 )    both 4th and 5th answers     

(M11)a and b swap their values simultaneously.  
a <- b
->
a gets b’s value  
b <- a
->
b gets a’s value  
      Ans ( a = 20 , b = 10 )    7th Answer
Simultaneous models in multiple assignments (S / Ss): 
int a = 10, b = 20;  

L1)
a = b;                
L2)
b = a;
Students applied the following models to answer to questions with more than one assignment. These models derived from the misconception that assignments execute simultaneously; each line of code is an individual statement and should be treated separately. 

M1 S (M1+Simultaneous) Model M1 applies for each individual line. 
The value of b is given to a and b changes its value to zero. (L1)
The value of a is given to b and a changes its value to zero. (L2)
L1)  a <- b
  and
 b <- 0      

L2)  b <- a   and
 a <- 0       

Ans ( a = 20 , b =  0 ) 

Ans ( a =  0 , b = 10 )     Multiple answer
M1 Ss (M1+Simultaneous+single) Model is (M1 S) which the value of b (L1) and the value of a (L2) are ignored after assigning process.
L1)  a <- b
  and
 b <- ignores      

L2)  b <- a   and
 a <- ignores            

Ans ( a = 20 , b = 10 )     Single answer

M2 S (M2+Simultaneous) Model is M2 that applies for each individual line. 
The value of b is given to a and b keeps its original value. (L1)
The value of a is given to b and a keeps its original value. (L2)
      L1)  a <- b
and
b <- unchanged 
   L2)  b <- a
and
a <- unchanged  
This is a right conception of  LHS <- RHS
Ans ( a = 20 , b = 20 )    

Ans ( a = 10 , b = 10 )    Multiple answer
M2 Ss (M2+Simultaneous+single) Model is (M2 S) which the value of b in (L1) and the value of a in (L2) are ignored after assigning process.
      L1)  a <- b
and
b <- ignores 
   L2)  b <- a
and
a <- ignores  
Ans ( a = 20 , b = 10 )    Single answer

M3 S (M3+Simultaneous) Model is M3 that applies for each individual line. 
The value of a is given to b and a changes its value to zero (L1).
The value of b is given to a and b changes its value to zero (L2).

L1)  b <- a
and
a <- 0
L2)  a <- b
and
b <- 0
Ans ( a =  0 , b = 10 )    

Ans ( a = 20 , b =  0 )    Multiple answer
M3 Ss (M3+Simultaneous+single) Model is (M3 S) which the value of a in (L1) and the value of b in (L2) are ignored after assigning process.

L1)  b <- a
and
a <- ignores
L2)  a <- b
and
b <- ignores
Ans ( a = 20 , b = 10 )    Single answer

M4 S (M4+Simultaneous) Model is M4 that applies for each individual line. 
The value of a is given to b and a keeps its original value. (L1)
The value of b is given to a and b keeps its original value. (L2)

     
L1)  b <- a
and
a <- unchanged  
L2)  a <- b
and
b <- unchanged  
This is a wrong conception of  LHS -> RHS
Ans ( a = 10 , b = 10 )    

Ans ( a = 20 , b = 20 )    Multiple answer
M4 Ss (M4+Simultaneous+single) Model is (M4 S) which the value of a in (L1) and the value of b in (L2) are ignored after assigning process.

L1)  b <- a
and
a <- ignores  
L2)  a <- b
and
b <- ignores  
Ans ( a = 20 , b = 10 )    Single answer

M5 S (M5+Simultaneous) Model is M5 that applies for each individual line. 
The sum of a and b is given to a, and b keeps its original value. (L1)
The sum of b and a is given to b, and a keeps its original value. (L2)
L1)  a <- (a + b)
 and
b <- unchanged  
L2)  b <- (b + a)  and
a <- unchanged  
Ans ( a = 30 , b = 20 )    

      Ans ( a = 10 , b = 30 )    Multiple answer
M5 Ss (M5+Simultaneous+single) Model is (M5 S) which the value of b in (L1) and the value of a in (L2) are ignored after assigning process.

L1)  a <- (a + b)
 and
b <- ignores  
L2)  b <- (b + a)  and
a <- ignores  
Ans ( a = 30 , b = 30 )    Single answer

M6 S (M6+Simultaneous) Model is M6 that applies for each individual line. 
The sum of a and b is given to a, and b changes its value to zero. (L1)  

The sum of b and a is given to b, and a changes its value to zero. (L2)
L1)  a <- (a + b)   and
b <- 0

L2)  b <- (b + a)   and
a <- 0
Ans ( a = 30 , b =  0 )   
Ans ( a =  0 , b = 30 )    

M6 Ss (M6+Simultaneous+single) Model is (M6 S) which the value of b in (L1) and the value of a in (L2) are ignored after assigning process.

L1)  a <- (a + b)   and
b <- ignores
L2)  b <- (b + a)   and
a <- ignores

Ans ( a = 30 , b = 30 )    Single answer

M7 S (M7+Simultaneous) Model is M7 that applies for each individual line. 
The sum of a and b is given to b, and a keeps its original value. (L1)
The sum of b and a is given to a, and b keeps its original value. (L2)
L1)  b <- (a + b)
and
a <- unchanged  
L2)  a <- (b + a) and
b <- unchanged  
Ans ( a = 10 , b = 30 )

Ans ( a = 30 , b = 20 )   Multiple answer
M7 Ss (M7+Simultaneous+single) Model is (M7 S) which the value of a in (L1) and the value of b in (L2) are ignored after assigning process.

L1)  b <- (a + b)
and
a <- unchanged  
L2)  a <- (b + a) and
b <- unchanged  
Ans ( a = 30 , b = 30 )    Single answer

M8 S (M8+Simultaneous) Model is M8 that applies for each individual line. 
The sum of a and b is given to a, and b changes its value to zero. (L1)
The sum of b and a is given to b, and a changes its value to zero. (L2)  
L1)  b <- (a + b)   and
a <- 0
L2)  a <- (b + a)   and
b <- 0
Ans ( a =  0 , b = 30 )
Ans ( a = 30 , b =  0 )   Multiple answer
M8 Ss (M8+Simultaneous+single) Model is (M8 S) which the value of a in (L1) and the value of b in (L2) are ignored after assigning process.

L1)  b <- (a + b)   and
a <- ignores
L2)  a <- (b + a)   and
b <- ignores
Ans ( a = 30 , b = 30 )    Single answer

M11 S (M11+Simultaneous) Model is M11 that applies for each individual line. 
a and b swap their values simultaneously. (L1)
b and a swap their values simultaneously. (L2)
L1)  a <- b

a gets b’s value and b gets a’s value  
L2)  b <- a

b gets a’s value and a gets b’s value

Ans ( a = 20 , b = 10 )

Ans ( a = 20 , b = 10 )  Multiple answer
M11 Ss (M11+Simultaneous+single) Model is (M11 S) which the value of a in (L1) and the value of b in (L2) are ignored after swapping process.

L1)  a <- b

a gets b’s value and b’s value ignores  
L2)  b <- a

b gets a’s value and a’s value ignores

Ans ( a = 20 , b = 10 )    Single answer

The similarities in models would be clearly differentiated in answering to questions with more than two assignments. 

	Model
	Description
	Answer in questionnaire

	M1
	The value of b is given to a and b changes its value to zero.

a <- b    
b <- 0
	a = 20 

b = 0     

1rd Answer

	M2
	The value of b is given to a and b keeps its original value. 
a  <- b
//
b  unchanged  
	a = 20 

b = 20

2th Answer

	M3
	The value of a is given to b and a changes its value to zero.

b  <- a
a <- 0


	a = 0 

b = 10     

3th Answer

	M4
	The value of a is given to b and a keeps its original value.

b  <- a
//
a unchanged  

This is a wrong conception of  LHS -> RHS
	a = 10 

b = 10

4th Answer

	M5
	The sum of a and b is given to a, and b keeps its original value.  

a  <- (a + b)
//
b unchanged  
	a = 30

b = 20   

5nd Answer

	M6
	The sum of a and b is given to a, and b changes its value to zero.  

a  <- (a + b)   
b <- 0
	a = 30

b = 0

6st Answer



	M7
	The sum of a and b is given to b, and a keeps its original value.

b  <- (a + b)
//
a unchanged  
	a = 10 

b = 30

7th Answer

	M8
	The sum of a and b is given to a, and b changes its value to zero.  

b <- (a + b)   
a <- 0
	a = 0 

b = 30

8th Answer

	M9
	a and b keep their original values. 

a  unchanged
//
b unchanged  

	a = 10 

b = 20

9th Answer

	M10
	Assignment is a simple equation, and then all equal values of a and b are acceptable. 


	a = 10 

b = 10 

And

a = 20 

b = 20
both 2nd and 4th Answers

	M11
	a and b swap their values simultaneously.  

a <- b
->
a gets b’s value 

b <- a
->
b gets a’s value  
	a = 20 

b = 10

10th Answer


	Terms
	Description
	Example

	Sequence


	 M1

Model is M1 that applies sequentially through both statements:  

L1)  a <- b
  and
 b <- 0  then

     a = 20   and  b = 0      

L2)  b <- a   and
 a <- 0  then

     b = 20   and  a = 0       
	Single answer

a = 0       b = 20

	Independent


	M1 I (M1+Independent) 

Model is  M1 that applies independently for each individual line. 

(L1)The value of b is given to a and b changes its value to zero. 

(L2)The value of a is given to b and a changes its value to zero. 

L1)  a <- b
  and
 b <- 0      

L2)  b <- a   and
 a <- 0       
	Multiple answers

a = 20 , b =  0

a =  0 , b = 10

	Spontaneous-single 
	M1 Ss (M1+Simultaneous+single) Same as (M1 I) subjects only interested on Left-hand-side values of statements and ignores the right-hand-side values.

The value of b in (L1) and value of a in (L2) are ignored.

L1)  a <- b
  and
 b <- ignores      

L2)  b <- a   and
 a <- ignores            
	Single answer

a = 20 , b = 10


