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Abstract 

This paper presents four different questions that could use for teaching students about the 

concept of linear equations in the slope-intercept form. Each of these questions addresses 

one of Norman Webb's Depth of Knowledge Levels, progress in their complexity and 

demand for higher orders of thinking and reasoning. A rationale for selecting the questions 

and an expectation of student responses is also provided following each question.  
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Depth of Knowledge alignment 

Depth of Knowledge: Level 1 

Teaching Content: 𝑦 = 𝑎𝑥 + 𝑏 

Question: 

 How could you rewrite the equation, 𝑦 − 20 = 5(𝑥 − 2), in a different form that 

would allow you to identify the slope and the y-intercept of the equation? 

Rationale: 

This type of question is indicative of a Level 1 question on Norman Webb's Depth of 

Knowledge Levels. Level 1 questions in mathematics involve a simple step (or a series of 

simple steps) and focus on a straightforward algorithmic procedure that require little 

cognitive effort, “Level 1 includes recalling information such as a fact, definition, term, or a 

simple procedure, as well as performing a simple algorithm or applying a formula” (Webb, 

2007, p. 11). In the question provided above, the students are expected to rewrite (or 

simplify) the equation by distributing the 5 and adding 10 to both sides. These two steps 

are algorithmic and used extensively in high school mathematics. This question also 

requires students to recall the different forms of linear equations in order to realize that 

the equation should be rewritten in the slope-intercept form. Recalling information is 

another procedure that is indicative of a Level 1 question on Norman Webb's Depth of 

Knowledge Levels.  

My Expectations from the Students (Students’ Products) 

 By answering this question, I expect the students to recall the slope-intercept form 

from the three forms of linear equations and rewrite the equation, 𝑦 − 20 = 5(𝑥 − 2), as 

𝑦 = 5𝑥 + 10 using the distributive property and the addition property of equality.  
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Depth of Knowledge: Level 2 

Teaching Content: 𝑦 = 𝑎𝑥 + 𝑏 

Question: 

Using the information in the chart below, answering the following question: 

 Write an equation to represent the relationship between the cost in dollars, y, and 

the number of hours, x, for each tutor. 

 Cost for First Hour Cost for Each Additional Hour 

Tutor #1 $40 $20 

Tutor #2 $60 $15 

Tutor #3 $80 $10 

 

Rationale: 

This type of question requires students to engage in more than one mental task by 

analyzing the information provided in the chart, experimenting with different values of x 

(or number of hours), and developing a linear equation that accurately describes each of 

the tutor’s costs based on the number of hours. According to Webb (2007, p. 11), “Level 2 

includes the engagement of some mental processing beyond a habitual response.” Unlike 

the question for Level 1, which followed a set procedure, the question for Level 2 requires a 

deeper level of conceptual understanding and procedural fluency.  

My Expectations from the Students (Students’ Products) 

 At first glance, this may seem like a straightforward for the students to answer, but 

it requires a deeper analysis of the values shown in the chart. For example, Tutor #1 

charges $40 for the first hour and $20 for each additional hour. If a student were thinking 

at a Depth of Knowledge Level 1, they would write the equation as 𝑦 = 20𝑥 + 40. This 
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would be correct if Tutor #1 charged $60 for the first hour and $20 for each additional 

hour. The problem with this type of thinking is that the student is simply entering values 

into the slope-intercept form without considering the variables. It is also possible that a 

student would write the equation for Tutor #1 as 𝑦 = 40𝑥 + 20, by assuming the horizontal 

order of the values in the chart correspond with the values for the slope and y-intercept in 

the slope-intercept form. Both of these approaches would be incorrect. In order for the 

students to correctly answer this question, they would need to understand that while the 

tutors’ rate for each additional hour is equal to the slope, the tutors’ cost is not equal to the 

y-intercept. The reason for this is that the rate for each additional hour should not be 

multiplied by 𝑥, but by 𝑥 − 1. For example, if someone hires Tutor #1 for 1 hour, then 𝑦 

should equal 40 at 𝑥 = 1. By the second hour (or at 𝑥 = 2), 𝑦 should equal 60. If the 

students continue with this line of reasoning, they should have enough data to create an XY 

table and determine the equation to represent the relationship between the cost in dollars, 

y, and the number of hours, x, for each tutor. So, for Tutor #1, instead of incorrectly writing 

𝑦 = 20𝑥 + 40,  the students would start with the point-slope form, 𝑦 − 𝑦1 = 𝑚(𝑥 − 𝑥1), 

input the slope (or cost for each additional hour) and one of the points, 𝑦 − 40 = 20(𝑥 − 1), 

which equals 𝑦 = 20𝑥 + 20 when simplified. For Tutor #2, the equation should be 𝑦 =

15𝑥 + 45, and for Tutor #3, it should be 𝑦 = 10𝑥 + 70. 

Depth of Knowledge: Level 3 

Teaching Content: 𝑦 = 𝑎𝑥 + 𝑏 

Question: 

Using the information in the chart below, answering the following questions: 

 When would it make sense to hire each of the tutors? Justify your answer. 
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 At what point would it make sense to switch tutors? Justify your answer. 

 Cost for First Hour Cost for Each Additional Hour 

Tutor #1 $40 $20 

Tutor #2 $60 $15 

Tutor #3 $80 $10 

 

Rationale: 

 This type of question requires the students to not only write the linear equation 

describing each tutor’s fee structure and compare the graphs of each line, but determine 

when hiring one tutor would be better than hiring the others and explain their reasoning. 

Level 3 questions demand more sophisticated reasoning than Level 1 and Level 2 question, 

“Level 3 requires reasoning, planning, using evidence, and a higher level of thinking than 

the previous two levels” (Webb, 2007, p. 12). This higher level of thinking is evidenced by 

the complex reasoning that is required to solve these types of questions, “The cognitive 

demands at Level 3 are complex and abstract. The complexity does not result from the fact 

that there are multiple answers, a possibility for both Levels 1 and 2, but because the task 

requires more demanding reasoning” (Webb, 2007, p. 12). In the question provided above, 

the students are required to analyze the cost effectiveness of hiring each tutor. Included in 

this problem is information regarding three tutors who offer their services as different 

rates. While at first, it may seem cost effective to hire one tutor, over time, another tutor 

may be more cost effective. At one point in time, all three tutors will equal the same cost. 

The students will have to take this all into consideration, along with the option of switching 

tutors.  
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My Expectations from the Students (Students’ Products) 

 Initially, I expect the students to be able to write a linear equation describing each 

tutor’s fee structure and compare the graphs of each line. Upon comparison, they should 

notice that Tutor #1’s fee structure is more cost effective for the first four hours. By the 

fifth hour, all three tutors will cost the same amount. After the fifth hour, Tutor #3’s fee 

structure is more cost effective. Tutor #2 would only be cost effective by the fifth hour, 

when all three tutors cost the same amount. Determining when it would make sense to 

switch tutors requires a deeper conceptual understanding and procedural fluency working 

with linear equations in order address this extra condition.  

Depth of Knowledge: Level 4  

Teaching Content: 𝑦 = 𝑎𝑥 + 𝑏 

Question: 

 Using the information found in the table below, determine how long the tutors 

should hold their sessions to maximize their profit.  

 Cost for First Hour 
Cost for Each 

Additional Hour 

Tutor’s Travel 

Expenses Per Session 

Tutor #1 $40 $20 $15 

Tutor #2 $60 $15 $12 

Tutor #3 $80 $10 $10 

 

Create a proposal explaining to each tutor how they should package and advertise their 

tutoring sessions for the most profit. 

Rationale:  

 This type of question extends the students’ thinking by requiring complex reasoning 

and planning that is indicative of a Level 4 question on Norman Webb's Depth of 
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Knowledge Levels. According to Webb (2007, p. 12), “Level 4 requires complex reasoning, 

planning, developing, and thinking most likely over an extended period of time.” In the 

question provided, the students are expected to analyze the information for each tutor 

from a different perspective than in previous questions. Instead of focusing on how cost 

effective it would be for a customer, the students are focusing on how profitable it would be 

the tutors to package their sessions. This will extend their reasoning as they have to 

consider multiple conditions and explore alternative solutions to a problem that 

establishes a background for understanding linear programming, “Students should be 

required to make several connections—relate ideas within the content area, or among 

content areas—and would have to select one approach among many alternatives on how 

the situation should be solved to be at this highest level” (Webb, 2007, p. 13). 

My Expectations from the Students (Students’ Products) 

 By answering this question, I expect the students to consider the values in the first 

two columns of the chart and write linear equations in slope-intercept form describing 

each tutor’s fee structure. Then, I expect them to consider the extra value (in the third 

column) regarding the tutors’ travel expenses. At first, they may not be able to include this 

nicely into the linear equations they wrote. Instead, they will probably have to create an XY 

table and create values for different scenarios involving how long each session should be 

and how often they should take place. Exploring these different scenarios will allow them 

to create different session packages that would maximize profit for all three tutors. Using 

this information, they would create a proposal (in a format that suits their needs) that they 

could use to inform and persuade the tutors to rethink their price structure.  
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