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Revising College Algebra Instruction to Accept and Incorporate
The Use of Smart Phone Applications

Abstract

The unavoidable transition to online education due to Covid-19 pandemic has impacted
instruction at all grades and in all subject areas, including college level Mathematics courses.
One of the issues that has been faced is the inability to proctor exams properly. Calculators with
Computer Algebra Systems and their corresponding smart phone applications can provide not
only answers to most problems, but they also provide solution steps. Mathematics departments at
many institutions have established policies which regulated the use of calculators and smart
phones in lectures and exams. However, lack of proper proctoring in online courses makes it
possible for students to pass a course, even with a decent grade, without learning the concepts.
On the other hand, as the use of computers became more common, many skills previously
considered as required are not required anymore, such as learning how to use logarithmic tables
to evaluate logarithms. In this study, we first demonstrate the capabilities of smart phone
applications and provide tips for writing procedural problems that are not easily solvable by
these apps. We show examples of problems that are solvable by the apps and suggestions to
revise them. Second, we discuss general suggestions on how to revise the College Algebra
instruction, especially for engineering students. Our suggestions aim to fill in the gaps that could
potentially be created when these apps are commonly used among students. In summary, we
review and revise College Algebra instruction and assessments to accept and incorporate the use
of smart phone applications. Revised topics, together with effective assessment strategies will
potentially improve learning outcomes, especially when the course is taught online. Our work
concentrates on revision of College Algebra topics for Engineering students, but our strategy can
be applied to revise other mathematics topics for any major.

Keywords: Online teaching, Phone applications, college algebra, instruction strategies,
assessment methods

Introduction

The unavoidable transition to online education due to COVID-19 pandemic has impacted
instruction at all grades and in all subject areas [1]-[3]. Some of these impacts are expected to
fade out when the pandemic is over and normalcy is restored. However, it is also expected that
there are going to be long term impacts of this online instruction period in higher education.

Challenges with this rapid transition to online teaching of mathematics have been discussed
extensively worldwide [4]-[8]. Students and instructors have been largely dissatisfied with this
mandatory change [9] and have expressed preference in face-to-face learning [10]. Delivering
the course content to students in a virtual environment is not easy [5]. However, assessing
student learning when teaching online is even more difficult and requires detailed planning [11].
The existence of plentiful online resources makes it very difficult to assess student knowledge,
especially for the current curriculum. Among the changes suggested to adapt to the new normal,



revision of curriculum has been brought up [12]. In this article, we concentrate on students’
improper use of smart phone applications which can solve mathematical problems. Our aim is to
contribute in restructuring College Algebra instruction and assessments, to maximize student
learning with the existence of these applications in the new normal.

Use of Smart Phone Applications in Teaching of Mathematics

Some of the commonly used smart phone apps that can solve mathematical problems are
Photomath, FastMath and Cymath. With the use of these apps, it is possible to obtain the solution
steps of a standard College Algebra problem in seconds by taking its picture. Hence, it is
possible for a student to submit the correct solution to a problem without having any
understanding of it. Therefore, instructors should be aware of the existence of these applications
and their capabilities to design the students’ learning assessments accordingly.

The use of smart phone applications in mathematics instruction has been discussed widely [13]-
[16]. Available applications have been introduced with their benefits and drawbacks with
divergent opinions on the use of them. In a study which introduces Photomath together with
Desmos and Geogebra, the main problem with using Photomath is emphasized as “it may harm
the students’ task of independent drilling” [17]. On the other hand, one of the studies which
explored the use of Photomath among middle school students in Malaysia concluded that it
enhanced the learning of algebraic equations [18]. Based on this, they concluded that
“Photomath application encourages students in the 2 1st century of learning and it is preferable
for the student to add on Photomath in classroom learning”. In other studies, math instructors’
attitudes towards use of Photomath were mostly positive [19], [20]. The statement “I think that
teaching math problem solving using photo math will improve students' achievement levels.”
was mostly agreed by 127 teachers [20]. Wali and Omaid concluded that instructors believed
more in the benefits of smart phone use in classes than its barriers [19]. In this study, the
average level of agreement to the statement “it provides anywhere any time learning
opportunity” was found to be significantly higher than the average level of agreement to the
statement that “cheating was a barrier” for smart phone use in classroom.

The studies agree on the frequent use of technology by students as an aid in completing their
assignments while they have different findings on students’ perceptions about the use of this
technology [21], [22]. A survey administered to 224 university students in United Arab Emirates
found that while 37.5 percent of the surveyed students accepted cheating among friends, 78
percent accepted cheating using technology, which included mostly hand held devices such as
mobile phones and programmable calculators [22]. On the other hand, in an interview on
students’ use of technology in math classes at a university in the United States, none of the
students believed that they were plagiarizing [21].

There have been some studies on how to revise instruction and assessments to make better use of
these technologies [21], [23]-[26]. An early study towards this aim after the initial release of
Photomath (2014) discusses concerns with the use of this app and ways to respond to it [23]. The
three ways to respond were to “ban access, restrict access or consider a different division of
labor”. Our work targets the last scenario, as we suggest revisions to instructions and
assessments which will create alternative tasks for students. It is advised, in another study, that



teachers should stop fighting with the available technology, accept them and find ways to use
them for students’ advantage [24].

A study which explores ways to “use technology to enhance and/or transform assessment as, for,
and of learning” bases their ideas on the SAMR (Substitution, Augmentation, Modification, and
Redefinition) model, which is a framework that categorizes how technology can be incorporated
in the classrooms [27], and invites other researchers to “explore more specific ideas for using
technology in assessment of learning” [25]. Another recent study suggests designing assessment
criteria and innovative assessment tasks that help students understand the learning outcomes
expected from them [21]. And lastly, George invites researchers to “figure this out together,
brainstorm, fail, succeed, and learn from each other” [26]. We accept this invitation and aim to
contribute to this effort. Some methods similar to the ones we discuss in this paper have also
been brought up by other researchers in presentations or forums [28], [29]. However, our
literature review has not revealed any published study on this issue. Therefore, this study also
serves as a compilation for these ideas.

Outline of the Paper

Our study explores ideas to revise College Algebra instruction and assessments, to improve
student understanding of mathematical concepts given their use of smart phone apps. We
categorize the problems in College Algebra as conceptual, procedural and application problems.
Most of the conceptual and application problems are not immediately solvable by these
applications. However, most procedural problems can easily be solved by these applications.
Allowing students to solve procedural problems by apps, eliminating these problems altogether
from assessments and assessing student knowledge only through conceptual and application
problems could be an approach, at least for some topics. However, it might be desirable for
students to understand the procedural problem; what it means and how it is solved.

In Section 1, we demonstrate the capabilities of smart phone apps and provide tips for writing
procedural problems that are not easily solvable by these apps. We show examples of problems
that are solvable by the apps and suggestions to revise them. In Section 2, we discuss general
suggestions on how to revise the College Algebra instruction, especially for engineering
students. Our suggestions aim to fill in the gaps that could potentially be created when these apps
are commonly used among students.

We choose Photomath to provide sample solutions and to test the effectiveness of our strategies.
However, we expect to receive similar results with the other apps and encourage instructors to
further explore them.

Section 1. Writing Procedural Problems in the Existence of Smart Phone Apps

In this section, we discuss tips to rewrite procedural College Algebra problems to minimize use
of smart phone apps by students and maximize their learning of mathematical concepts. We
provide sample procedural problems that can be solved by these apps and suggest tips for
revising these problems.



Tip 1. Write questions in words and let students rewrite them in mathematical notation.

This method forces students to take an extra step to write the question in mathematical language.
It promotes critical thinking and prevents immediate use of phone applications.

Standard Problem 1: Multiply (5 — 3i)(5 + 3i).

This problem can easily be solved with the phone applications (Figure 1A). Students do not even
need to read or understand what is being asked in the question.

Revised Problem 1a: Multiply (5 — 3i) and (5 + 3i).

When the problem is asked in this way, Photomath does not provide the answer (Figure 1B) and
students would need to rewrite the problem in mathematical language before being able to use
the application. This would help improve their understanding of mathematical notation and
contribute to their mathematical literacy.

Revised Problem 1b: Multiply (5 — 3i) with its conjugate.

When the problem is asked in this way, Photomath does not provide the answer (Figure 1C) and
students would first need to find the conjugate of the given complex number before writing the
multiplication in mathematical notation. Asking it this way would also assess their knowledge on
the definition of conjugate.

Solutions Solutions

Simplify the expression Simplify the expression

53i-53i 5 3iand- 5:3i

Sinpity

=34adn

o Simplify using formula

ING STEPS

Multiply the complex numbers

5-3i+5+3i

Figure 1. Screenshots of the Photomath application when it is used for solving Standard
Problem 1 (Figure 1A), Revised Problem 1a (Figure 1B) and Revised Problem 1b (Figure 1C).
Tip 2. Ask students to solve a problem in a specific order of steps.

In most problems, there is more than one way that takes one to the correct answer. Most
instructors may normally accept all valid ways that yield a correct answer. However, for the



purpose of eliminating or minimizing the use of apps, they may consider requiring students solve
a problem in a specific way, different than the way provided by the common phone apps. For
example, when solving rational equations, Photomath first collects all rational expressions on
one side of the equation. Students can be asked to start the problem by finding the least common
denominator and eliminating the denominators before they collect all terms on the same side.
This will also help them identify the steps that takes them to the correct solution and understand
the purpose of each.

Tip 3. Use symbols instead of variables in equations or functions.

Standard Problem 2: Let x and y be variables that represent positive numbers. Rewrite with

rational exponents and simplify:
Y125 x%6

Revised Problem 2: Let OO and * be variables that represent positive numbers. Rewrite with
rational exponents and simplify:

V125 O° %6

The phone apps can provide the correct answer to the standard problem but not to the revised
problem. In some cases, when the app does not recognize the symbol, it cannot provide a
solution and an error message is displayed as in Figure 1C. In this specific revised problem, the
app misunderstands the problem and provides an incorrect solution. If the student is
knowledgeable enough not to directly copy this incorrect solution and works around by rewriting
the question in the standard form, they can achieve the correct answer through the app. However,
we expect this extra step to still contribute to their understanding of the notation.

Solutions | Solutions

SOLVING STEPS SOLVING STEPS

Simplify the expression Simplify the expression
125x°y° J1250° <6
Calculate Simplify

5x3y2 12503:‘{’6

~3.54906x10°
Show Solving Steps —
Show Solving Steps —

Figure 2. Screenshots of the Photomath application when it is used for solving Standard Problem
2 (Figure 2A) and Revised Problem 2 (Figure 2B).




Tip 4. Ask reverse questions.

2x+1 5

Standard Problem 3: What is the domain of the rational function ——~

Revised Problem 3a: The domain of a rational function does not include 3 and -3. What could be
the denominator of this function?

Instead of providing the students the rational function and asking its domain, which can
immediately be answered by the phone apps when the function’s image is captured, instructors
may give them the domain and ask students to write the denominator of the function.

Tip 5. Provide the answer to the question and ask for detailed explanations in words.

If it is not possible to revise the question to minimize the use of apps, instructors may consider
providing the answer to the students and asking them the reasoning behind that answer. This
reminds the students that writing only the answer will not provide them any credit. Most apps
also have explanations for the majority of topics, but the students will at least be forced to read
them as they copy. Here is a sample question:

Revised Problem 3b: Why do we exclude 3 and -3 from the domain of the rational
2x+1

function ?

x2-9
Section 2. Revising College Algebra instruction for engineering students

In this section, we discuss some tips to revise College Algebra instruction, especially for students
in the engineering and technology disciplines. The aim of these revisions is to help students
develop critical and mathematical thinking skills that are required in engineering and technology
fields given that the student has access to phone applications and other technology aids for
mathematical problems.

Suggestion 1. Support students to acquire general math knowledge.

There are plentiful resources that do the calculation for students. However, to be able to properly
make use of these tools for their needs, students should understand the mathematical language
and identify what they work with. An example could be from rational expressions. When
students are asked to “simplify a rational expression” or to “rationalize a denominator”, they can
do this immediately with the use of apps. However, students should also understand the
terminology, what does “rationalizing the denominator” mean, and they need to know the
purpose of doing this task. For this purpose, questions designed to help support students
mathematics literacy will be beneficial in the assessments. Here are two sample questions.

Sample problem 1: What does “rationalizing the denominator” mean? Explain with your own
words.

Sample problem 2: What is the purpose of multiplying a denominator with its conjugate? Explain
with your own words.




Suggestion 2. Ask simple conceptual questions to motivate critical thinking.

We choose the topic of absolute value equations to carry this discussion. Standard college
algebra textbooks include problems similar to the one below:

Standard problem 4. Find the solution set of the equation. Check each solution.
|2x + 8| +3 =15

When the Photomath app is used, the solution to the above equation is provided immediately.
Instead of asking this procedural problem, conceptual problems which cannot be solved by
phone apps could be preferred. Here are two suggestions.

Revised problem 4a. Find the numbers whose absolute value equals 7.
Revised problem 4b. The distance from 2x to 30 is 10. What is x?

Although the equations that rise from the revised problems are simpler than the equation in the
standard problem, these alternative problems could add more to students understanding of the
absolute value concept.

Suggestion 3. Ask more application problems

Application problems could be made the core of each topic. Often application problems are left
to the end of each section and little or no time is allocated for application problems. Starting each
section by an application problem could help students give meaning to the mathematical topic
they are studying and prepare them to translating word problems into mathematical language.
Here is an application problem which could be used in absolute value equations.

Application problem. Emily lives on the 23" street and Camila lives 5 streets away from her.
Write an absolute value equation to find on what street Camila could be living?

Suggestion 4. Make connection between topics by unifying themes

The concept of a function is a unifying theme for College Algebra topics. An idea is to create a
table in the beginning of semester, with the functions that are to be covered during the class
listed in separate rows, and several properties of functions listed on the columns. Students can
expect what to learn before they start the class and can fill the table as they go along the
semester. Such a table, an overview of the topics covered, can help them make connection
between the topics covered.

A similar table that categorizes different number systems (Rational, Irrational, Complex etc.) and
corresponding set notations (for discrete vs continuous) could also be provided to students. These
tables could be referred often during the semester to help them make connection between topics
and have a general understanding of the course.

Suggestion 5. Include literal equations in each topic

One of the mathematical skill that engineering students need to have is to be able to use formulas
properly. This skill includes understanding the relation between multiple variables in a formula.



Table 1. Sample table to help students make connections between different functions covered in
the course.

Name Example Domain Range Sample Graph
Equation
0
I
Linear All Real | All Real !
Function fla)=2x+5 Numbers | Numbers 2x+5=9 [ 11/
-10 | S0y | | | 10
/

Quadratic
Function

Rational
Function

Radical
Function

Exponential
Function

Logarithmic
Function

This relation can usually be understood by solving a formula for a specific variable. In College
Algebra, this is mainly covered under the Literal Equations title. A formula or a literal equation
may include all types of functions that are covered in College Algebra classes. Therefore, it
could be considered as a unifying topic for the class.

Literal Equation Problem: The ideal gas law relates the pressure P (pascal), volume V (md),
absolute temperature T (Kelvin), and amount of gas n (moles). The law is

_nRT
v

where R is the gas constant.

An engineer must design a large natural gas storage tank to be expandable to maintain the
pressure constant at 2.2 atmospheres. In December when the temperature is 4°F, the volume of
gas in the tank is 28,500 ft3. What will the volume of the same quantity of gas be in July when
the temperature is 88°F [30]?

The latest available version of Photomath (as of March 2021) is not capable of solving a formula
for a specific variable. An error message as in Figure 1C shows when the app is used for the
formula in the above problem. Therefore, this type of problem is a great candidate to include in
an assessment. Usually, this topic is covered as a separate section in College Algebra classes and
not a lot of time is allocated. We suggest to include a literal equation type of problem after each
function topic is covered.



Suggestion 6. Accept and integrate use of smart phone apps for relevant problems

It is essential for new generation learners to utilize digital tools to solve problems as technology
continues to change and evolve. Qualification of professions in engineering and technology
fields nowadays demands fast adaptation to the new technology and the ability of using digital
tools to find relevant information and solve problems in addition to strong mathematical
background. An introduction to smart phone apps by the instructors could help students make
use of these tools efficiently. The instructor could demonstrate the use of these tools in some
problems, express his/her appreciation towards the available technology and how it makes our
lives easier and support the use of the tools by students where possible. An example could be to
show how the smart phone apps perform simplifying complex fractions in a second, a tedious
process which can normally take minutes.

Conclusions and Discussion

It has always been a challenge to balance the use of technology by students. Mathematical
concepts build on top of each other and make the basis for many other disciplines. Inappropriate
use of technology in mathematics classes could prevent students from establishing a solid
mathematical background. On the other hand, avoiding the use of technology altogether in
mathematics classes is also inefficient. As new technology is available, mathematics teaching
should be adapted accordingly. Many of us might have only heard of logarithmic tables and seen
one when reading history of mathematics. However, it is not hard to imagine college students
being taught and assessed on the use of logarithmic tables before computers were being
commonly used [31]. By not learning how to read logarithmic tables, have we lost a skill? Have
using calculators for evaluating logarithms prevented us from forming a solid mathematical
background or from better understanding other mathematical concepts? If not, can we assume
that, by using smart phone apps, College Algebra students will not lose any skills that they will
need in their future studies?

In this study, we provided some tips to rewrite assessment questions which are not immediately
solvable by the smart phone apps and suggestions to revise instruction in college algebra classes.
However, it should be remembered that the apps continually improve and evolve, and instructors
should follow their progress to be able to adjust their teaching methods accordingly. This should
motivate the researchers to continue having conversations on this topic.

When exam proctoring is possible, the decision on what technology is allowed and what is not, is
made by the instructors or the institutions. It is easier to design assessments when there is control
over what technology students benefit from. However, the transition to online teaching due to the
Covid-19 pandemic gave rise to the problems with accurate assessments. Most of current math
instruction and assessments have been designed to be taught in person with proctored testing.
The possibility of abusing the technology by students hasn’t been addressed much yet. This
problem naturally occurred with the inevitable transition to online teaching. Absence of proper
exam proctoring in online teaching forced instructors to review the use of technology in
mathematics classes and redesign their classes accordingly. However, the challenge of adapting
math instruction to available technology has existed before the online transition due to pandemic
and it will continue to exist even after it is over.
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