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Abstract 

  Equation solving is an essential skill that gains complexity as students progress through 

secondary mathematics. Many students struggle to learn the basic principles of solving 

equations. Others have difficulties working with specific types of expressions and equations. 

Equasher, an interactive application that provides real-time feedback to support problem solving, 

was created to address these challenges. Equasher is a fully functional calculator for solving 

equations designed to foster conceptual understanding and problem-solving skills. Equasher 

aims to reduce the user’s cognitive load and eliminate errors in algebraic manipulation so that the 

user can develop feasible equation solving strategies. Secondary mathematics teachers could 

implement Equasher as a tool to guide inquiry, promote self-reflection, or accommodate students 

with disabilities. 
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Introduction 

 There is a need for meaningful technology in the mathematics classroom. Though 

technology has the potential to revolutionize the field of education, studies show that it is used 

increasingly as a mere substitute for traditional methods, offering little additional educational 

value (Bray & Tangney, 2017). Several digital tools address the fundamental skills required for 

solving equations with little to no student interactivity. Others retroactively show suggested 

algebraic steps for finding the solution set. These are undeniably powerful tools, but not 

necessarily powerful educational tools. Students using these tools often miss out on the 

conceptual understanding and mathematical reasoning that are developed through equation 

solving.  

 Equasher is an educationally centered digital application for solving equations that 

focuses on fostering problem-solving skills and relational understanding of the equal sign. 

Equasher is versatile in that it could be implemented in a variety of ways throughout secondary 

mathematics education. Guided inquiry and exploration of new types of equations, expressions 

and properties are possible through Equasher. Mathematics educators can also use Equasher to 

provide personalized feedback to struggling students, allowing them the opportunity to reflect on 

their work, recognize their errors, and make informed corrections. Additionally, Equasher works 

well as an accommodation or modification in special education settings.  

Literature Review 

Methods of Solving Equations 

 Mathematics students from middle school through calculus are required to solve 

equations (National Governors Association Center for Best Practices & Council of Chief State 

School Officers [NGA & CCSSO], 2010). Teachers and mathematics textbooks across the world 
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typically approach the central skill of solving equations through either the balance method or the 

inverse method (Ngu et al., 2015). Using the balance method students would apply properties of 

equality, creating a sequence of equivalent equations, in order to isolate the variable. The inverse 

strategy relies more on “undoing” or reversing the order of operations performed on a variable. 

Ngu et al. (2015) found that students were more successful with one-step and two-step equations 

when taught the inverse method over the balance method. The authors assert that students 

experience a greater cognitive load when applying the balance method since they are required to 

simplify expressions on both sides, rather than just one. However, when dealing with equations 

that contain more than one instance of a variable, the inverse method becomes obsolete. In 

conclusion, Ngu et al. (2015) concede that the balance method undoubtedly leads to a greater 

“relational understanding of the equal sign” which “is critical to success in algebra” and beyond 

(p.287). Relational understanding was defined by Skemp (2006) as an understanding of knowing 

what to do and why.  

 Although this relational view of the equal sign is critical as students transition from 

arithmetic to algebra, Knuth et al. (2006) found that middle school students tend to hold an 

operational view rather than a relational view of the equal sign. Furthermore, a strong positive 

association was found between the students’ “equal sign understanding and their equation-

solving performance”, even when controlling for general mathematical ability (Knuth et al., 

2006, p.309). This study suggests that it is imperative to foster students’ relational understanding 

of the equal sign as they progress through equation solving. Additionally, the concept of 

equivalent equations, which is foundational to all methods of solving equations, is lost on many 

algebra students (Steinberg et al., 1991). Students who are most successful in determining if two 

equations are equivalent to another are those that can identify a transformation applied to both 
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sides of the equal sign (Steinberg et al., 1991).  These students also tended to be able to 

“generalize their understanding to unfamiliar transformations”, indicating a better understanding 

of the equal sign (Steinberg et al., 1991, p.188).  Use of the balance method, despite some of the 

challenges it presents to students, can help students develop conceptual understanding of the 

equal sign as well as equivalent equations. 

Technology in the Mathematics Classroom 

 Mathematics teachers across the world have seen an unprecedented wave of technology 

entering the classroom. Unfortunately, an increased use of technology in mathematics education 

does not necessarily translate to deeper student understanding of concepts (Bray & Tangney, 

2017). In a review of 139 research papers on the use of technology in mathematics education, 

Bray and Tangney (2017) found that the majority of instances (61%) of technological use in 

mathematics classrooms could be classified as either substitution or augmentation using the 

SAMR Model framework (Puentedura, 2006). These two categories comprise the overarching 

class of enhancement. Such technologies enhance a student’s learning experience, but the 

objectives could still be completed without them. Modification and redefinition, the remaining 

categories in the SAMR Model, fall under the transformation class. Incorporating these types of 

technologies in the classroom allows students to achieve and discover tasks that would be 

impossible without them. Meaningful technology use in the math classroom “has the potential to 

open up new routes for students to construct and comprehend mathematical knowledge and new 

approaches to problem-solving” (Bray & Tangney, 2017, p.270). To achieve this, however, 

teachers and students need access to math-specific tools which foster conceptual understanding 

and mathematical reasoning.  
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 With this goal in mind, a team of educators and programmers at Utah State University 

began construction on the National Library of Virtual Manipulatives (NLVM) in 1999. Their 

website contains a plethora of unique Java applets each designed to engage students with 

mathematical concepts (National Library of Virtual Manipulatives, 2020). One is able to “make 

meaning and see relationships as a result of one’s own actions” through these virtual 

manipulatives (Moyer et al., 2002, p.373). Their interactivity allows students to “discover and 

construct mathematical principles and relationships” in a way that might be impossible with a 

less dynamic approach (Moyer et al., 2002, p.373).  Students are forced to reflect on their own 

conceptualization when these tools provide immediate feedback to a student’s own actions 

(Durmu & Karakirik, 2006). Clements’ and McMillen’s (1996) early research into effective 

virtual manipulatives remains relevant even today. They assert that effective computer-based 

tools should: 

 have uncomplicated changing, repeating, and undoing actions; 

 allow students to save configurations and sequences of actions; 

 dynamically link different representations and maintain a tight connection between 

pictured objects and symbols; 

 allow students and teachers to pose and solve their own problems; and 

 allow students to develop increasing control of a flexible, extensible, mathematical tool. 

Such programs also serve and help form connections among mathematical ideas (275). 

Additionally, virtual manipulatives should extend beyond what is possible with physical 

manipulatives (Clements & McMillen, 1996). Anyone programming an educational tool must 

strongly consider these key traits during the design process. 
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Digital Tools for Solving Equations 

A recent study investigated the effectiveness of these digital tools specifically in 

improving achievement of algebra students (Jupri et al., 2015). The technologically integrated 

curriculum incorporated the use of four applets, similar to those found in the NLVM. In fact, 

these applets are part of another vast library of virtual manipulatives developed by the 

Freudenthal Institute, Utrecht University, and known as the Digital Mathematics Environment 

(DME). All four applets focus on solving equations in one variable. Two reinforce the “balance 

model” paradigm of solving equations which guides students to develop “appropriate solving 

strategy steps for solving” equations (Drijver & Barzel, 2012, p.16). The other two applets take a 

“global substitution approach” to equation solving, inviting students to consider the order of 

operations in order to “undo” the operations on the variable (Drijver & Barzel, 2012, p.16). The 

latter method is limited in that it cannot be generalized to all equations. Ultimately, students who 

engaged with these digital applets during the learning process significantly outperformed those in 

the control group who received more traditional instruction and practice (Jupri et al., 2015). 

Between the NLVM, DME, and various other webpages, students and teachers can find a 

handful of digital manipulatives for solving equations based on the generally preferred balance 

method. However, the vast majority fail to address more complex equations beyond the scope of 

Algebra I. There is a need for a single, accessible digital tool that invites the balance strategy and 

could be used all throughout a student’s middle and high school careers. Rather than spending 

time familiarizing themselves with countless new tools, each dealing with a small subset of all 

possible equations, students could actually focus their energy on building conceptual 

understanding and mathematical reasoning. 
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Curriculum 

 The program presented in this curriculum project, Equasher, is designed to guide students 

who are learning how to solve equations. Unlike the many answer engines such as 

WolframAlpha, Symbolab and Mathway, which simply list the steps to solve a given equation, 

Equasher is an interactive tool that allows students to experiment with and discover their own 

strategies for solving equations. Much like how a calculator aids students in problem solving by 

performing calculations, Equasher aids students in solving equations by performing 

mathematical simplifications. 

 The motivation for this project started as just a simple teaching technique when I was 

substitute teaching in an Algebra I classroom. I noticed many students making errors in solving 

like the one depicted below: 

2𝑥 = 7 

2𝑥 − 2 = 7 − 2 

𝑥 = 5 

I wanted to be very careful with how I corrected this mistake. Many teachers, I believe, would 

jump straight to the first step of subtracting 2 from both sides. That “error” is one of 

mathematical reasoning. The student might hear something to the effect of “you should have 

divided both sides by 2 instead.” While this, of course, would be a better first step, the student 

should know that subtracting 2 from both sides is not mathematically incorrect. Instead, the true 

error was one of procedural fluency in the student’s second step when they simplified 2x-2 to 

just x. By correcting their simplification error, the hope is that the student will build their own 

strategies and mathematical reasoning rather than have it handed to them from the teacher. To do 

so, I simply acted as an expression calculator for the students. I would grab a white board and 
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marker, copy down their equation, and ask the students what move they would like to do first. 

All the students had to worry about was mathematical reasoning, while I took care of all of the 

procedural business. After each move, I would write down the new equation on the whiteboard. 

An example of one of these interactions played out as follows: 

1

2
𝑥 − 1 = 3 

Teacher: “Okay you can do anything you want as long as it’s done to both sides. Your goal is to 

get x by itself.” 

Student:  “I want to get rid of the 1 so let’s subtract 1 from both sides.” 

1

2
𝑥 − 2 = 2 

Student: “Wait that’s not what I wanted to do. Go back and add 1 instead.” 

1

2
𝑥 = 4 

Student: “Now subtract  from both sides.” 

1

2
𝑥 −

1

2
= 72 

Student: “Huh?” 

Teacher: “The left-hand side doesn’t simplify. If you want to get rid of the , consider how it is 

‘attached’ to the x.” 

Student: “Oh, okay. Go back, go back.” 

1

2
𝑥 = 4 

Student: “Now multiply both sides by  .” 

1

4
𝑥 = 2 
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Student: “Wait, actually divide both sides by  instead.” 

𝑥 = 8 

Teacher: “Awesome, you did it!” 

 After a few missteps, and a little bit of feedback from the teacher, the student was finally 

able to arrive at the correct answer. Without the teacher’s assistance in working with the 

expressions along the way, the student arrived at an incorrect solution of x=1. This solution is the 

result of 2 errors that hinge upon both mathematical reasoning and procedural fluency. When 

asking to subtract 1 from both sides in the first step, the student demonstrates that they 

understand the goal of isolating the variable. However, the student fails to recognize the logic 

behind applying inverse operations, largely due to their lack of fluency in simplifying equations. 

The second set of errors stems from the student multiplying both sides by  in an attempt to “get 

rid of” the coefficient of x. The students’ mistake ridden work can be seen below: 

1

2
𝑥 − 1 = 3 

1

2
𝑥 − 1 − 1 = 3 − 1 

1

2
𝑥 = 2 

1

2
⋅

1

2
𝑥 =

1

2
⋅ 2 

𝑥 = 1 

  These types of errors, and the teaching strategy detailed above, were the motivation for 

the program Equasher. It is important to note that such errors are not exclusive to struggling 

Algebra I students. As students progress in their learning of mathematics they may find 

difficulties in simplifying expressions involving quadratic, trigonometric, and logarithmic 



12 
 

functions. Although students should master mathematical properties of simple expressions before 

moving on to solving equations, we know, as educators, that this is rarely the case. When 

students are inevitably thrust into solving equations, their uncertainty over the properties 

translates into questionable mathematical reasoning, incorrect simplification, and/or general 

confusion.  

 Since teachers are not always available for direct one-on-one support, and the strategy I 

was implementing was essentially an algorithm, I figured a program could be my substitute. The 

problem was that I had very little experience in programming and no formal education in it. 

Python is touted as one of the best languages for all things mathematical, but it was a language 

that I was completely unfamiliar with. After many, many hours of Youtube videos, Google 

searches, and debugging. I was able to get a working prototype of Equasher. 

The current version at the time of writing employs the Python library SymPy to handle 

nearly all of the mathematics. Tkinter provides the Graphical User Interfaces (GUI), which is 

how students interface with the program. The use of LaTex for typesetting allows for clean, easy 

to read equations. The program was written and tested using Jupyter Notebook. 

Upon running the program, the user is presented with what is effectively the main menu. 

This window, as seen in Figure 1, prompts the user to enter the left-hand and right-hand-sides of 

an equation and select a course from a drop-down menu. The course selection defaults to 

Algebra 1. At present, the only other option is Algebra II. This selection feature allows students 

to only see buttons that will be useful to them in their current class. Algebra I students, for 

example, do not need the option to take the logarithm of both sides, so that option will not be 

present when selecting Algebra 1 as the course. I often observe Algebra I students being lost and  
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Figure 1 

Equasher Main Menu 

 

Note. The main menu of Equasher prompts an equation and course. 

 

confused when trying to use their TI-84 calculators because of the menu of buttons available, 

many of which they will never use until future classes. The class selection feature in Equasher 

was added primarily to keep the interface simple for students who are just beginning to solve 

equations, reducing their cognitive load and allowing them to focus on the process of solving. 

The differences in interfaces, with the equation 𝑥 = 1 as a placeholder, are shown in Figure 2.  

 To get started solving an equation with Equasher, input the equation by using the two 

white entry boxes on either side of the equal sign and then click the “Go to solver!” button. A 

second window will pop up with one of the two interfaces shown in Figure 2, depending on 

which class was selected from the drop-down on the main menu. The user-inputted equation will 

show at the top of this window. The main menu window will remain open, which allows the user 

to enter as many equations as they would like, creating a new equation window for each. Once 

the equation window has been generated, the user can begin solving using any button they 

choose. The GUI is designed intentionally to resemble a calculator, which students already have 
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Figure 2 

Equation Solver Interfaces 

 

Note. The window titled “Equation #1” on the left is the simpler interface generated after 

selecting Algebra I. The window titled “Equation #2” on the right, with a slew of additional 

buttons, is the interface generated after selecting Algebra II. 

 

experience using. This familiarity reduces the cognitive load of students using Equahser. Some 

buttons require a value or expression to be first entered into the white entry box located directly 

below the equation. These are the top six buttons, namely “Add”, “Subtract”, “Multiply”, 
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“Divide”, “Exponentiate”, and “Root”. As seen in Figure 3, an informative error message will 

appear below the equation if the user clicks on one of these buttons without first entering an 

expression into the entry box. 

Figure 3 

“Add” Button Error Message 

 

Note. This is the error message received after clicking the “Add” button with a blank entry box. 

Other buttons have similar, customized error messages. 

  

Each button could be categorized as either applying a property of equality or not. The 

buttons that apply a property of equality will affect both sides of the equation. The rest of the 

buttons, except for “Undo”, will only affect one side of the equation. These buttons are aligned 

vertically with the side that they impact. Descriptions of the functions of each button can be 

found in Table 1. 
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Table 1 

Button Descriptions 

Button Text Function Possible Error Message(s) 

Add 
Adds a given input to both sides 

of the equation 

"Please input a value or expression to add to 

both sides." 

Subtract 
Subtracts a given input from both 

sides of the equation 

"Please input a value or expression to subtract 

from both sides." 

Multiply 
Multiplies both sides of the 

equation by a given input 

"Please input a value or expression to multiply 

both sides by." 

"Cannot multiply both sides by 0." 

Divide 
Divides both sides of the equation 

by a given input 

"Please input a value or expression to divide 

both sides by." 

"Cannot divide by 0." 

Exponentiate 
Raises both sides of the equation 

to a user-inputted exponent  

"Please input a value or expression to raise 

both sides to." 

"Cannot raise both sides to 0." 

Root 

Takes the root of a user-inputted 

degree of both sides of the 

equation; creates a second 

window with one side of equation 

negated if degree is rational and 

has an even numerator when 

simplified 

"Please input the degree for the root of both 

sides." 

"Cannot take the 0th root." 

Simplify 

Expands a factored side or 

rewrites the side in the simplest 

way as determined by SymPy’s 

heuristic approach 

"Left-hand side is already simplified." 

"Right-hand side is already simplified." 
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Undo 
Returns to the equation before the 

last button was clicked 
 

Factor 

Completely factors a side; will not 

factor a composite coefficient or 

constant 

"Left-hand side is already factored." 

"Right-hand side is already factored." 

ZPP 

Applies the zero-product property 

if the equation is in the form 𝑎 ⋅

𝑏 = 0 or 0 = 𝑎 ⋅ 𝑏; current 

equation becomes 𝑎 = 0; another 

window is created with equation 

𝑏 = 0 

"Left-hand side is prime." 

"Right-hand side is prime." 

"Left-hand side needs to be factored." 

"Right-hand side needs to be factored." 

"Need form a*b=0 to apply zero-product 

property" 

Log 

combine 

Uses properties of logarithms to 

condense a side with logs 

"No logs to combine on left-hand side." 

"No logs to combine on right-hand side." 

e^ 
Raises 𝑒 to the power of both 

sides  
 

Log expand 
Uses properties of logarithms to 

expand a side with logs 

"No logs to expand on left-hand side." 

"No logs to expand on right-hand side." 

Log 
Takes the natural logarithm of 

both sides 
 

Trig 

combine 

Uses trig identities to condense a 

side with trig 

"No trig to combine on left-hand side." 

"No trig to combine on right-hand side." 

Trig expand 
Uses trig identities to expand a 

side with trig 

"No trig to expand on left-hand side." 

"No trig to expand on right-hand side." 

Sin Takes the sine of both sides  

Cos Takes the cosine of both sides  

Tan Takes the tangent of both sides  
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Arcsin 

Takes the arcsine of both sides; 

current equation shows general set 

of solutions centered on the 

principle value; another window is 

created for the other general set of 

solutions 

 

Arccos 

Takes the arccosine of both sides; 

current equation shows general set 

of solutions centered on the 

principle value; another window is 

created for the other general set of 

solutions 

 

Arctan 

Takes the arctangent of both 

sides; current equation shows 

general set of solutions centered 

on the principle value; another 

window is created for the other 

general set of solutions 

 

Note. These error messages are assuming the possibility of complex solutions. Thus, the “Log” 

button will accept non-positive inputs and the “Arcsin” and “Arccos” buttons will accept inputs 

with a magnitude larger than 1. Future iterations of Equasher will explore the option of the user 

choosing the nature of solutions and will adjust error messages accordingly. 

  

Figures 4, 5 and 6 below showcase the functionality of these buttons in action. A wide 

range of equations were chosen to demonstrate the application of Equasher across the high 

school mathematics curriculum. In each figure, arrows indicate the order of solving. A red 

outline, along with any input in the entry box, indicate the step taken to arrive at the next 
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equation. Two arrows stemming from the same window shows that a second window was 

created from the performed step. The equations in Figures 5 and 6 require the Algebra II 

interface. As seen in Figure 2, the Algebra II interface has 10 rows of buttons. The windows seen 

in Figures 5 and 6, however, have been edited for the sake of space to include only four rows. 

The fourth row in each step was altered to include the required button for that step.  

How Equasher Works in the Classroom 

Teachers who wish to implement Equasher in their classroom should contextualize the 

process of solving equations as an application of a series of “legal moves” with the goal of 

isolating the variable. The term “legal moves” is just a more student-friendly way of saying the 

properties of numbers and equality. Under this context, Equasher could be used as a tool in any 

of the following facets of education: exploration and inquiry, reflection and feedback, and 

accommodations and modifications.  

Exploration and Inquiry 

When presented with an unfamiliar equation, students often struggle with how to begin. 

Equasher alleviates some of this difficulty by providing a list of options. Students are free to try 

different moves, and click undo if it leads to an undesired route. Rather than copying the steps 

from a worked example in class, which turns the exercise of solving equations into an algorithm, 

students using Equasher, to tackle new types of equations, have the opportunity to build their 

mathematical reasoning. The program reduces the cognitive load of students by handling all of 

the calculations and simplifications. All students need to focus on is the problem-solving 

process. This creates the perfect environment for inquiry. A middle school teacher, for example, 

might introduce students to equations with variables on both sides by letting them experiment 

with a few examples in Equasher. If students are struggling to get all of the variables onto one 
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Figure 4 

Equasher Example 1 

 

Note. The user would be unable to apply the zero-product property using the “ZPP” button until 

one side was completely factored, and the other side was zero. If the user had tried to use “ZPP” 

one step prior, they would have received an error message stating that the “Left-hand side needs 

to be factored.” 
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Figure 5 

Equasher Example 2 

 

Note. Much like the “Simplify” button, the “Trig combine” button relies on SymPy to determine 

the “best” expression from various substitutions of trigonometric identities. Ideally the user 

would be able to highlight the trigonometric part of an expression that they wish to simplify and 
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choose their preferred trigonometric identity to apply from a list. This will be explored as a 

possible feature update. 

 

Figure 6 

Equasher Example 3 

 

Note. At the time of writing, Equasher only supports natural logarithms. The entry boxes will 

accept either “log” or “ln” for the natural logarithm but will always display as “log”. In this 
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example, the user would need to recognize the extraneous solution of 𝑥 = −3. Future versions of 

Equasher may address extraneous solutions.   

 

side, the teacher could prompt the students by asking, “What happens when you add 𝑥 to both 

sides?” It is the intention that future iterations of Equasher will include a “Hint” button that 

provides similar circumstantial suggestions. 

Teachers may also guide students to discover brand new properties via Equasher. For 

example, when students are first introduced to solving quadratic equations using the zero-product 

property the teacher could give the students an example on Equasher and simply tell them that 

they will need to use the “ZPP” button to solve it. Rather than be told what it does, the students 

could experiment, receive feedback from the program about when it can be used, and then 

ultimately observe how it works. The teacher could design a reflective activity where students 

then have to use their observations to create a formal definition of the zero-product property and 

describe how and when it can be used to solve equations. This type of activity would also work 

to help students discover the irreversibility of certain exponents. For example, students could 

solve the equation 𝑥 . = 5 on Equasher and notice that there is only one solution. Then students 

could solve the equation 𝑥 . = 5 and see that taking the 2.8th root of both sides results in two 

possible solutions. The teacher could have students generate their own equations to further 

explore which exponents will result in two solutions.  

Science teachers might find this program useful in having students derive and discover 

new formulas with some mathematical guidance. Figure 7 shows how a student might derive the 

formula to convert degrees Celsius to degrees Fahrenheit from its inverse. 
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Figure 7 

Deriving a New Formula 

 

Note. This type of manipulation also covers the Common Core mathematics standard 

CCSS.MATH.CONTENT.HSA.CED.A.4 which states students should be able to “rearrange 

formulas to highlight a quantity of interest, using the same reasoning as in solving equations” 

(NGA & CCSSO, 2010). 

Reflection and Feedback 

The second main application of Equasher in the classroom is as a tool for students to 

check their work and recognize mistakes independently. Students should know how to check 

solutions to an equation before learning how to solve equations. Plenty of software also exists 

that can find solutions to equations and even show the steps to arrive at the solutions. However, 

these types of checks may not actually be useful in promoting student learning. By checking their 

solution, a student can determine that a mistake was made but not where the mistake was made. 

Software that shows steps may not necessarily be helpful either if the student used a different 

strategy or order in solving. Equasher, on the other hand, can help students find exactly where 

and how they messed up. In practice, a teacher might allow the use of Equasher for test 

corrections, or while the students are checking their homework in class. For any equation the 

student solved incorrectly, they could simply enter it into the program, then input each step that 
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they used in solving. By comparing the new equation after each step to the one written on their 

paper, the student could eventually notice a discrepancy. They would then have to use 

mathematical reasoning to decide if a different move would be more appropriate, or if they just 

made a simplification error. From there the student could continue solving to arrive at the correct 

solution, checking their steps along the way with the program. The process allows the student to 

acknowledge all of their correct work. Equasher supports the students own mathematical 

reasoning, rather than just showing them one correct way of solving.  

Accommodation or Modification 

The final foreseen use of Equasher in the classroom is as an accommodation or 

modification. Students who struggle with solving equations often lack the prerequisite 

knowledge regarding expressions. By the time they begin solving equations, students ideally 

should have mastered the following common core standards (NGA & CCSSO, 2010): 

 CCSS.MATH.CONTENT.6.EE.A.3 - Apply the properties of operations to 

generate equivalent expressions. 

 CCSS.MATH.CONTENT.6.EE.A.4 - Identify when two expressions are 

equivalent (i.e., when the two expressions name the same number regardless of 

which value is substituted into them). 

 CCSS.MATH.CONTENT.7.EE.A.1 - Apply properties of operations as strategies 

to add, subtract, factor, and expand linear expressions with rational coefficients. 

 CCSS.MATH.CONTENT.8.EE.A.1 - Know and apply the properties of integer 

exponents to generate equivalent numerical expressions. 

Without a strong foundational understanding of these standards, students will struggle, 

and perhaps even be unable to solve equations. A lack of mastery of these perquisite standards 
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directly hinders a student’s ability to progress with the following standards regarding solving 

equations (NGA & CCSSO, 2010): 

 CCSS.MATH.CONTENT.8.EE.C.7 - Solve linear equations in one variable. 

 CCSS.MATH.CONTENT.8.EE.C.7.B - Solve linear equations with rational 

number coefficients, including equations whose solutions require expanding 

expressions using the distributive property and collecting like terms. 

 CCSS.MATH.CONTENT.HSA.CED.A.4 - Rearrange formulas to highlight a 

quantity of interest, using the same reasoning as in solving equations. 

 CCSS.MATH.CONTENT.HSA.REI.A.1 - Explain each step in solving a simple 

equation as following from the equality of numbers asserted at the previous step, 

starting from the assumption that the original equation has a solution. Construct a 

viable argument to justify a solution method. 

 CCSS.MATH.CONTENT.HSA.REI.A.2 - Solve simple rational and radical 

equations in one variable, and give examples showing how extraneous solutions 

may arise. 

 CCSS.MATH.CONTENT.HSA.REI.B.3 - Solve linear equations and inequalities 

in one variable, including equations with coefficients represented by letters. 

 CCSS.MATH.CONTENT.HSA.REI.B.4 - Solve quadratic equations in one 

variable. 

 CCSS.MATH.CONTENT.HSA.REI.B.4.A - Use the method of completing the 

square to transform any quadratic equation in 𝑥 into an equation of the form 

(𝑥 −  𝑝) = 𝑞 that has the same solutions. Derive the quadratic formula from this 

form. 
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This extensive list of standards, which only actually goes through Algebra I, is basically 

inaccessible to a student who lacks the foundational skills of working with expressions. That is, 

unless they use Equasher. If a fifth grader is unable to perform long division because they are 

weak with multiplication facts, they might be given the use of a multiplication table. If a middle 

schooler is struggling with evaluating expressions due to weak computational skills, they might 

be given the use of a calculator. Now, if a student is incapable of solving equations because of 

missing prerequisite skills involving expressions, they could receive the use of Equasher as a 

modification or accommodation, depending on the educational goal and setting. 

Conclusion 

 Equasher can be utilized in a number of different contexts across secondary mathematics 

curricula. It is designed to provide vertical integration as students progress through classes and 

encounter new equations, expressions and properties. Its similarity to traditional calculators 

makes it accessible to students at all levels. Equasher is a tool that promotes mathematical 

problem solving even among students who would otherwise be held back by a lack of procedural 

fluency.   

 Many improvements and updates are planned for Equasher. More specific feedback, 

inequalities, systems of equations, graphical representations, and a point system rewarding 

solving with minimal steps are among possible additional features. Equasher is currently being 

transformed into a web-based application to make it more readily available to teachers and 

students. Further research is required to determine the effect of Equasher related to students’ 

conceptual understanding and mathematical reasoning in regards to solving equations.  
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