Scenario 1.1: Easy Problem (Student Understands Every Line)

1.

Student's Query
Student logs into the intelligent tutoring system and type a math question.
Student Input: "Solve the equation: x+5=10"
System Response (Step 1)
The system begins solving the equation by explaining the first step:
System: "To solve for x, subtract 5 from both sides to isolate x. This gives us
x=10-5, which simplifies to x=5"
System Prompt: "Do you understand this step? (Yes/No/Explain More)"
Student Feedback (Clarification Needed)
Student Input: "No."
The system identifies that more clarification is needed.
System Clarification
System: "We subtract 5 from both sides because the equation is x+5=10. To isolate x,
we need to cancel out the +5. The opposite of addition is subtraction, so we subtract 5
from both sides, leaving x=5. Does that help? (Yes/No/Explain More)"
Student Feedback (Understood)
Student Input: "Yes."
Conclusion and Feedback
System: "Great! The solution to the equation is x=5. Would you like to try a similar
problem or move to a different topic?"

Scenario 1.2: Medium Problem (Some Clarification Needed)

1.

Student's Query

Student logs into the system and asks for help with a more complex equation.
Student Input: "Solve the equation: 2x=3=7."

System Response (Step 1)

The system starts by explaining the first step:

System: "To begin solving for x, add 3 to both sides to eliminate the -3. This gives us
2x=7+3, which simplifies to 2x=10."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)

Student Input: "Yes."

System Response (Step 2)

The system proceeds to the next step:

System: "Now, divide both sides by 2 to isolate x. So, x=10/2, which simplifies to x=5."
System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (More Clarification Needed)

Student Input: "Explain more."

System Clarification

System: "To isolate x, we divide both sides of 2x=10 by 2. This is because the opposite




of multiplication is division, and since x is multiplied by 2, we divide to cancel it out. So
x=10/2=5."

System Prompt: "Is this clear now? (Yes/No)"

Student Feedback (Understood)

Student Input: "Yes."

Conclusion and Feedback

System: "Excellent! The solution is x=5. Would you like to try another problem or move
to a new topic?"

Scenario 1.3: Hard Problem (Multiple Explanations Needed)

1.

Student's Query
Student logs into the system and enters a more challenging equation.

Student Input: "Solve the quadratic equation: x'-5x+6=0."

System Response (Step 1)

The system starts solving the quadratic equation using factorization:

System: "First, let's factor the quadratic equation. We need to find two numbers that
multiply to give 6 and add to give -5. The correct factorization is (x-2)(x-3)=0."
System Prompt: "Do you understand how we factored this equation? (Yes/No/Explain
More)"

Student Feedback (Clarification Needed)

Student Input: "No."

The system recognizes that more explanation is required.

System Clarification

System: "To factor the equation X' -Bx+6= 0, we look for two numbers that multiply to
6 and add to -5. These numbers are -2 and -3, so we rewrite the equation as
(x=2)(x=3)=0. Does that clarify it? (Yes/No/Explain More)"

Student Feedback (Understood)

Student Input: "Yes."

System Response (Step 2)

The system continues solving:

System: "Next, set each factor equal to 0: x=2=0 or x=3=0. Solving these gives x=2 and
x=3."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Further Clarification Needed)

Student Input: "Explain more."

System Clarification

System: "When we have (x=2)(x=3)=0, it means either x=2=0 or x=3=0 because
multiplying by 0 results in 0. Solving these gives the solutions x=2 and_x=3."

System Prompt: "Does that clear things up? (Yes/No)"

Student Feedback (Understood)

Student Input: "Yes."




10. Conclusion and Feedback

System: "Great! The solutions to the equation are x=2 and x=3. Would you like to solve
another quadratic equation or move to a different topic?"

Scenario 2.1: Easy Problem ( Student Understands Every Line)

1.

Student's Query

Student logs into the system and types a basic algebra question.

Student Input: "Solve for x: x+4=9."

System Response (Step 1)

System: "First, subtract 4 from both sides to isolate x. This gives us x=9-4, which
simplifies to x=5."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)

Student Input: "Yes."

Conclusion and Feedback

System: "Great! The solution to the equation is x=5. Would you like to try a similar
problem or move to another topic?"

Scenario 2.2: Medium Problem (Some Clarification Needed)

1.

Student's Query

Student logs into the system and inputs a slightly more complex problem.

Student Input: "Solve for x: 3x=4=5."

System Response (Step 1)

System: "First, add 4 to both sides to isolate the 3x term. This gives us 3x=5+4, which
simplifies to 3x=9."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Clarification Needed)

Student Input: "Explain more."

System Clarification

System: "In 3x—-4=5, the goal is to isolate x. Since x is multiplied by 3 and there is a -4,
the first step is to cancel the -4 by adding 4 to both sides, which simplifies to 3x=9. Does
that help? (Yes/No/Explain More)"

Student Feedback (Understood)

Student Input: "Yes."

System Response (Step 2)

System: "Next, divide both sides by 3 to solve for x. So, x=9/3, which simplifies to x=3."
System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)

Student Input: "Yes."

Conclusion and Feedback

System: "Excellent! The solution is x=3. Would you like to try another problem or move
to a different topic?"



Scenario 2.3: Hard Problem (Multiple Explanations Needed)

1.

10.

Student's Query
Student logs into the system and types a more difficult problem.

Student Input: "Solve the quadratic equation: X' +4x-12=0"

System Response (Step 1)

System: "First, we’ll factor the quadratic equation. We need two numbers that multiply to
-12 and add to 4. The correct factorization is (x+6)(x-2)=0."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Clarification Needed)

Student Input: "No."

System Clarification

System: "To factor the equation X' +4x-12= 0, we look for two numbers that multiply to
-12 and add to 4. These numbers are 6 and -2, so we rewrite the equation as
(x+6)(x=2)=0. Does that help? (Yes/No/Explain More)"

Student Feedback (Still Confused)

Student Input: "Explain more."

System Further Clarification

System: "Factoring means breaking down the equation into simpler parts. We find two
numbers that multiply to the constant term (-12) and add up to the middle term (4).
These numbers are 6 and -2. So, we split the equation into (x+6)(x=2)=0. Does this clear
things up? (Yes/No)"

Student Feedback (Understood)

Student Input: "Yes."

System Response (Step 2)

System: "Next, set each factor equal to 0. So, x+6=0 or x=2=0. Solving these gives
x=-6 or x=2."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)

Student Input: "Yes."

Conclusion and Feedback

System: "Great! The solutions to the equation are x ==6 and x=2. Would you like to try

another quadratic equation or move to a different topic?"

Scenario 3.1: Easy Problem (Understands with Basic Hints)

1.

Student's Query

Student logs into the system and types a basic equation.

Student Input: "Solve for x: x+5=10."

System Response (Step 1)

System: "First, subtract 5 from both sides to isolate x. This gives us x=10=5, which
simplifies to x=5."

System Prompt: "Do you understand this step? (Yes/No/Explain More/Hint)"




3. Student Feedback (Needs Hint)
Student Input: "Hint."

4. System Hint (Level 1)
System: "Think about the goal: we want to find x, so we need to remove the +5. The
opposite of adding 5 is subtracting 5. Try subtracting 5 from both sides."

5. Student Feedback (Understood)
Student Input: "Yes, | understand now."

6. Conclusion and Feedback
System: "Great! The solution to the equation is x=5. Would you like to try another
problem or ask about a different concept?"

Scenario 3.2: Medium Problem (Clarification and Alternative Steps Needed)

1. Student's Query
Student types a more complex equation.
Student Input: "Solve for x: 4x-6=10."
2. System Response (Step 1)
System: "First, add 6 to both sides to isolate the 4x term. This gives us 4x=10+6, which
simplifies to 4x=16."
System Prompt: "Do you understand this step? (Yes/No/Explain More/Hint)"
3. Student Feedback (Needs More Explanation)
Student Input: "Explain more."
4. System Clarification (First Explanation)
System: "To isolate the term with x, we need to cancel out the constant -6. Adding 6 to
both sides gives us 4x=16. Does this help? (Yes/No/Explain More/Hint)"
5. Student Feedback (Still Confused)
Student Input: "No."
6. System Hint (Level 1)
System: "Another way to think about it is reversing operations. The equation has a -6.
To undo this, we add 6 on both sides. This gives 4x=16."
7. Student Feedback (Still Needs Help)
Student Input: "l don’t get it."
8. System Hint (Level 2 - Breaking it Down More)
System: "Let’s go even smaller. You have 4x—6=10. First, cover the 4x part. If you only
look at the —6=10 part, how can you get rid of the -6? You would add 6. Now do this for
both sides of the whole equation."
9. Student Feedback (Understood)
Student Input: "Got it, thanks!"
10. System Response (Step 2)
System: "Great! Now, divide both sides by 4 to solve for x. So, x=16/4=4."
System Prompt: "Do you understand this step? (Yes/No/Explain More/Hint)"
11. Student Feedback (Understood)
Student Input: "Yes."



12.

Conclusion and Feedback
System: "Well done! The solution is x=4. Let me know if you’d like to practice more or
move on."

Scenario 3.3: Hard Problem (Student - Multiple Explanations and Hints
Needed)

1.

10.

1.

Student's Query

Student enters a quadratic equation.

Student Input: "Solve the quadratic equation: x*2 - 2x -8 =0."

System Response (Step 1)

System: "First, we need to factor the quadratic equation. We find two numbers that
multiply to -8 and add to -2. The factorization is (x—4)(x+2)=0."

System Prompt: "Do you understand this step? (Yes/No/Explain More/Hint)"
Student Feedback (Needs Hint)

Student Input: "Hint."

System Hint (Level 1)

System: "Think of two numbers that multiply to -8 but add to -2. These numbers are -4
and 2, so the factors are (x—4)(x+2)."

Student Feedback (Still Confused)

Student Input: "I still don't get it."

System Hint (Level 2)

System: "When factoring, you're looking for numbers that both multiply to give the last
number (-8) and add to the middle coefficient (-2). Since -4 and 2 work, they are the
correct factors. We write the equation as (x—=4)(x+2)=0. Does that help?"

Student Feedback (Needs Alternative Explanation)

Student Input: "No, I'm still lost."

System Alternative Method (Level 3)

System: "Let’s try another approach. If factoring is hard to follow, we can also use the
quadratic formula. The equation is x*2 - 2x - 8 = 0. The quadratic formula is

X = M. Here, a=1, b=-2, and c=-8. Plugging these in, we get x=
_ A _
CDENC 2) dx1x -8 which simplifies to X—M So, x==222

Xx=4or x_2 Would you like to try this method?"

Student Feedback (Understood)

Student Input: "Yes, | got it now."

System Response (Step 2)

System: "Awesome! So the solutions are x=4 and x=-2."

System Prompt: "Do you understand this step? (Yes/No/Explain More/Hint)"
Student Feedback (Understood)

Student Input: "Yes."

. Now, solving this gives



12. Conclusion and Feedback
System: "Great work! The solutions to the quadratic equation are x=4 and x=-2. Would
you like to practice similar problems or move on to another topic?"



Scenario 4.1: Easy Problem (Student Understands Every Line)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 3x + 4y + 7y."

System Response (Step 1)

The system begins by explaining the first step in simplifying the expression.

System: "To simplify this expression, combine the terms that have the same variable, in this
case, the terms with y. Adding 4y and 7y gives us 11y. So, the expression simplifies to 3x +
T1y."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expressionis 3x + 11y. Would you like to try another problem
or move to a different topic?"

Scenario 4.2: Easy Problem (Student Understands Every Line)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 4a + 7b - 2a + b."

System Response (Step 1)

The system starts by explaining the first step in simplifying the expression.

System: "To simplify this expression, combine like terms. For terms with a, we have 4a and
-2a, which combine to 2a. For terms with b, we have 7b and b, which combine to 8b. So, the
expression simplifies to 2a + 8b."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expression is 2a + 8b. Would you like to try another problem
or move to a different topic?"



Scenario 4.3: Easy Problem (Student Understands Every Line)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 3x - 2y + 4y."

System Response (Step 1)

The system begins by explaining the first step in simplifying the expression.

System: "To simplify this expression, combine like terms. For terms with y, we have -2y and
4y. Adding these gives 2y. So, the expression simplifies to 3x + 2y."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expression is 3x + 2y. Would you like to try another problem
or move to a different topic?"

Scenario 4.4: Easy Problem (Student Understands Every Line)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 2x + 3x + 5."

System Response (Step 1)

The system begins by explaining the first step in simplifying the expression.

System: "To simplify this expression, combine like terms. For terms with x, we have 2x and 3x,
which add up to 5x. There are no other terms to combine, so the expression simplifies to 5x +
5"

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expression is 5x + 5. Would you like to try another problem or
move to a different topic?"



Scenario 4.5: Easy Problem (Student Understands Every Line)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 7 - 3x + 2 + 4x."

System Response (Step 1)

The system begins by explaining the first step in simplifying the expression.

System: "To simplify this expression, combine like terms. First, combine the constants 7 and 2,
which add up to 9. Next, for the terms with x, we have -3x and 4x, which add up to x. So, the
expression simplifiesto 9 + x."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expression is 9 + x. Would you like to try another problem or
move to a different topic?

Scenario 4.6: Easy Problem (Student Understands Every Line)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 5 - 3y - 6y - 2."

System Response (Step 1)

The system begins by explaining the first step in simplifying the expression.

System: "To simplify this expression, combine like terms. First, let's combine the constants 5
and -2, which add up to 3. Next, for the terms with y, we have -3y and -6y, which add up to
-9y. So, the expression simplifiesto 3 - 9y."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expression is 3 - 9y. Would you like to try another problem or
move to a different topic?"



Scenario 5.1: Medium Problem (Some Clarification Needed)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 5x + 2y - 4y - x2."

System Response (Step 1)

The system begins by explaining the first step in simplifying the expression.

System: "To simplify this expression, start by combining like terms where possible. For the
terms with y, we have 2y and -4y, which add up to -2y. Since 5x and -x?2 don’t have any like
terms, they remain as they are. So, the expression simplifies to 5x - 2y - x2."

System Prompt: "Do you understand this step? (Yes/No/Explain More)"

Student Feedback (Clarification Needed)
Student Input: "Explain more."

System Clarification

System: "Combining like terms means adding or subtracting terms that have the same variable
and exponent. In this case, we have 2y - 4y, which gives -2y. The 5x and -x? terms don't
change because they don’t have matching terms to combine with."

System Prompt: "Does this help clarify? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The simplified expression is 5x - 2y - x2.Would you like to try a similar
problem or move to a different topic?"

Scenario 5.2: Medium Problem (Some Clarification Needed)

Student's Query
The student logs into the intelligent tutoring system and types a simplification question.
Student Input: "Simplify the expression: 2x? + 3x + 5."

System Response (Step 1)
The system begins by explaining the simplification process.
System: "Let's examine the expression to see if any terms can be combined. Here, each

term—2x?2, 3x, and 5—is distinct, with different variables or constants, so no further
simplification is possible. The expression remains as 2x? + 3x + 5."
System Prompt: "Do you understand why we can’t simplify further? (Yes/No/Explain More)"



Student Feedback (Clarification Needed)
Student Input: "Explain more."

System Clarification

System: "To simplify an expression, we combine like terms, which are terms with the same
variable and exponent. Here, 2x2, 3%, and 5 are all different types of terms, so there are no like
terms to combine. That’'s why the expression is already in its simplest form: 2x2 + 3x + 5."
System Prompt: "Does that clarify it? (Yes/No/Explain More)"

Student Feedback (Understood)
Student Input: "Yes."

Conclusion and Feedback
System: "Great! The expression 2x? + 3x + 5 is already fully simplified. Would you like to try
another problem or move to a different topic?"



