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Computer simulations can be supportive in helping students explore concepts. Here, a motion simulator is
used to contextualize the slope—intercept equation in beginning algebra; the simulator is available on the
internet and is free to use for all. The simulator portrays a man “walking” along a horizontal x—axis with
varying speed and direction, accompanied by position/time and velocity/time graphs to represent the motion.
The simulator can assist students as they explore the relationships between the man’s motion and the cor-
responding graphs, along with the mathematical equations associated with the graphs. Emphasis is on how
the y—intercept relates to a person’s starting point and how speed and direction relate to slope. There are three
ways to use the simulation: toggling (moving) the man, entering an equation, or entering values. The last two
methods create movements that can be modeled by straight lines to which the slope—intercept formula can be
applied. Two activities are provided that utilize straight—line graphs to promote a context for understanding
the meaning of the components of the slope—intercept formula. Activities are designed for introductory alge-
bra (middle school or early high school content).

INTRODUCTION

Simulations are often used in science, technology, engineering, and mathematics (STEM) to help students visualize
phenomena. Simulations can be fruitful because they allow students to make conjectures, run repeated trials, gather data,
make adjustments, and iteratively try again. Particularly in mathematics, simulations have a positive effect on student
outcomes (Hillmayr et al., 2020). Rakes et al. (2010) conducted a systematic review of educational studies (N = 82) that
had shown instructional improvements in algebra. They found that technology—based algebra curriculum and the use of
technology were two of five categories that improved student achievement.

Using simulations can help students visualize motions that are modeled by equations, and also help them to explore
what the components of the equations represent. A free physics—based motion simulation is used to contextualize algebra
with a particular emphasis on the slope—intercept formula. For example, in the slope—intercept equation (y = mx + b), the
value of b can be seen to be associated with the initial position of the man who is shown as moving in the simulation;
the value of m can be observed to be associated with the slope of the position/time graph, in which case it represents
velocity, and also with the slope of the velocity/time graph, in which case it represents the acceleration. Two lessons are
provided that interactively explore how to use the physics—based simulation to teach slope and y—intercept to students as
they learn basic algebra. Emphasis is on how the man’s starting point and velocity impacts the structure of the slope—in-
tercept equation used to model the motion. Step—by—step instructions for using the simulation are included in the lessons
designed for introductory algebra (middle school or early high school content).

This curriculum was designed by integrating movement and technology to provide meaningful contexts to learn key
algebraic concepts of slope and rate of change. By engaging in this curriculum, students can experience opportunities to
develop the concept of slope in context and understand formulaic meanings for slope. With support of the images, there
is a connection between the physical movement and the changes on a position/time graph.
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RESEARCH REVIEW

Challenges in understanding the meaning of slope are well documented across a multitude of learners. In relation to
eighth and ninth grade students in the United States, Korea and Israel, Greenes et al. (2007) identified difficulties across a
multitude of concepts including identifying negative/positive slopes, recognizing scale factors on the axes, describing the
connection between speed and time, and a relying on visual perceptions rather than calculations. Algebraic symbolism,
or the use of symbols in algebra to represent quantitative situations and to support the communication of ideas (Kieran,
1996; Pitta—Pantazi et al., 2020) can also be quite challenging for secondary students (Molina et al., 2017),

With student challenges of algebra concepts like slope, scale and speed/time connections, teachers need to proac-
tively seek alternative approaches for richer experiences. Technology is generally highly accessible in the United States
and, though the use of simulations, can be a cost—effective way to supplement more traditional algebra instruction. Simu-
lations in mathematics can be “defined as a way to simulate a scientific and/or complex system” by embedding mathe-
matical content into an environment (Pan et al., 2022). Using simulations in algebra has been shown to increase students’
interest compared to more traditional instruction (Egara et al., 2022). Moreover, simulations can improve students’ devel-
opment of algebraic thinking (de Castro Filho et al., 2021).

For the activities presented here, a specific simulation to support physics instruction is used to contextualize algebra.
The simulation used in the lessons is a creation of the University of Colorado, Boulder and is part of the Physics Educa-
tion Technology (PhET) library (https://phet.colorado.edu/en/simulations/filter?type=html,prototype). The PhET library
includes simulations in physics, chemistry, mathematics, earth science, and biology. There are over 100 simulations that
are searchable by subject, grade level, and inclusive features with a plethora of language options. This database of simu-
lations is reliable, evolving and well-known for enhancing STEM learning (Wieman et al., 2008). The simulations within
the database have been widely researched, generally showing improvements in attitudes, engagement and understanding
of concepts (Adams, 2010; Haryadi & Pujiastuti, 2020; Yunzal & Casinillo, 2020),

IMPLICATIONS

To support the development of position/time and velocity/time graphs, an online simulation called The Moving Man
was used (https:/phet.colorado.edu/sims/cheerpj/moving-man/latest/moving-man.html?simulation=moving-man). An
easy way to access the simulator is searching the term “The Moving Man.” There are three ways to use The Moving Man
simulation: toggling (moving) the man using a mouse or trackpad, entering an equation, or entering values. The last two
methods create movements that can be accurately modeled by straight—line graphs and to which the slope—intercept for-
mula may be applied, without the need for estimates of values.

To integrate simulations into a secondary algebra class, there needs to be a purposeful use of the simulation. In other
words, activities need to be designed and implemented that encourage the use of the interactive features to support mean-
ingful explorations emphasizing sense making (Hillmayr et al., 2020). Encouraging students to interact with the simula-
tion by testing, evaluating, adjusting and retesting conjectures can support more meaningful simulation experiences. de
Castro Filho et al. (2021) recommend three distinct strategies for using simulation technologies to improve algebraic rea-
soning. Simulations should be used to showcase multiple representations of concepts (i.e., graphs, tables, symbols, im-
ages). Second, the manipulation of a character or object should be used to test and evaluate conjectures. Third, artifacts
should be produced and collaboratively used and reflected upon.

Toggling

To toggle the man, the mouse or trackpad can be used to move him along the horizonal track by clicking on him and
then moving the mouse. There are constraints with this method, as it is impossible to get corresponding motion graphs
consisting of smooth straight lines. Therefore, in these cases, graphs of simple equations will not align well with the lines
on the motion graphs; see Figure 1. To familiarize students with the features of the simulation, they might be prompted to
explore it with the following instructions:

e Click on the “Charts” function to activate the charts, deselect acceleration (if applicable).
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e Create a position/time graph with a constant negative slope. What are the values of the slope and y—intercept?
How do these values correspond to the man’s movement?

e C(Create a position/time graph with a constant positive slope. What are the values of the slope and y—intercept?
How do these values correspond to the man’s movement?

e Create a position/time graph in the shape of mountain that is steep on the left side and less steep on the right
side. How is the steepness of the mountain reflected in the slope? How did the man’s motion relate to the steep-
ness?

e Create a position/time graph in the shape of three consecutive mountains: a small mountain, a large mountain,
and then another small mountain. How is the steepness of the mountains reflected in the slope? How did the
man’s motion relate to the steepness?

e Describe relationships between the velocity/time graph and the position/time graph.

Figure 1
Position and velocity graph created by toggling (Meltzer, 2023a)

File Special Features Help

IRGEUEHGI Charts \ AHA

11.1 seconds

-

50 / \

-10.0

Velocny
O m/s
[[] Show Vectar

120
HQQ\

6.0 1

-6.0 -

Positi 100
o!%m a5 /_\ - | .\
® 0.0

5 4 6 8 10 12 14 16 18 20sec
Acceleration

@ Record 4
Clear . PI:;ack 144 @’ I» Sound

Entering an Equation

Smooth lines can be created in the simulation by entering an equation. To create a movement using an equation, see
Figure 2.

e Click on the “Charts” function to activate the charts, deselect acceleration (if applicable).

e Click on the “Special Features” menu and then on the “Expression Evaluator” function; deselect acceleration (if
applicable).

o  Enter the function as shown above: 2 * £ — 5. This is how y = 2x — 5 would be entered. Note ¢ is used rather than x.

e Then, push the play button in the Expression Evaluator box.
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Appendix A includes more detailed instructions as well as a worksheet with open—ended questions to support student ex-
plorations using equations. To expand on the lesson in the appendix, students can be asked to:

Figure 2

Create two position—time graphs: one with a constant negative slope and one with a constant positive slope.
What are the values of the slope and y—intercept in your two graphs? How do these values correspond to the
man’s movement? How do negative and positive values influence the slope and y—intercept?

Create a position/time graph that starts at —12 m and progresses to 12 m within an 18-second timeframe.
Describe the values of the slope and y—intercept. If the graph starts instead at 12 m and progresses to —12 m in
an 18 second timeframe, how is the equation impacted? If the graph starts at -6 m and progresses to 6 m in an
18-second timeframe, how is the equation impacted?

Enter an equation of your choice that results in a motion lasting longer than 10 seconds. What is the slope

and y—intercept of your equation? Examine the corresponding velocity graph. Explain how the velocity graph
relates to the equation.

Enter an equation into the simulator. Once the position/time and velocity/time graphs are created, cover up the
position graph with a piece of paper. Ask a classmate to determine the equation you used by looking only at
the velocity graph. Is it possible? Explain your reasoning.

Position and velocity graphs created by entering an equation (Meltzer, 2023b)

The Moving Man (2.05.01)
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Entering Values

In addition to equations, values can be entered into the simulation to create straight lines that represent movement.
To create lines using values:

Click on the “Charts” function to activate the charts, deselect acceleration (if applicable).

There is a box under the word “Position.”

Put a 5 in the “Position” box and a —3 in the “Velocity” box, as shown below in Figure 3.

Hit Play (the button with a circle).

Watch the man move, then when he reaches the wall, push the “Pause” button. Try to stop him before he hits
the wall and stops.

After you pause the man, change the “Velocity” to 3 and then again push “Play.” Watch the man move, then
when he reaches the wall, push the “Pause” button. Try to stop him before he hits the wall and stops.

Now, switch the velocity to —7 and push play. Pause him before he hits the wall.

Appendix B includes more detailed instructions as well as a worksheet with open—ended questions to support student ex-
plorations using values. To expand on the lesson in the appendix, students can be asked to:

Figure 3

Create two graphs: one with a constant negative slope and one with a constant positive slope. Can an equation
be created based solely on the graphs? Explain your reasoning.

Enter an equation of your choice that generates a motion that lasts longer than 10 seconds. What is the slope
and y—intercept of your equation? Examine the corresponding velocity/time graph. Explain how the velocity
graph relates to the equation.

Enter values into the simulator. Once the position and velocity graphs are created, cover up the velocity graph
with a piece of paper. Ask a classmate to sketch the velocity graph using the position graph image. Is it pos-
sible? Explain your reasoning.

Position and velocity graphs created by entering values (Meltzer, 2023c)

The Moving Man (2.05.01)
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Extension

Creating equations or identifying the values requires a different perspective, perhaps a deeper understanding of the
components that influence a position graph and a velocity graph. Students can be challenged to create replicas of graphs
by entering equations or entering values. An example from the appendix can be seen in Figure 4. Students can be asked
to manipulate the numbers entered into the “Position” and “Velocity” windows, to try to create the given graph. The so-
lution can be found by starting with a zero for position and a velocity of =7 m/s. Then, once the man hit the wall, velocity
was changed to 0.25 m/s. Finally, when the man walked for about 18 seconds total, velocity was changed to 7 m/s. Ad-
ditionally, students can be asked to:

e Create a graph using values and share the graphs with classmates. The values or equations can be covered up.
Classmates are then challenged to create the exact same graph by generating their own equation.

e Create a graph using values and share the values with classmates; the graphs can be covered up. Classmates
are then challenged to conjecture the shape of, then sketch the graph that will be created by the given values.

Figure 4

Using the graphs, generate corresponding equations (Meltzer, 2023d)
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Some general questions to ask for all of the activities include:

How do you know where to position the man at the start?

How does slope relate to velocity?

What does the man’s starting position represent?

How do you know if velocity is positive or negative?

How do you know what number to try for velocity (a large number or a small number)?
Can you determine velocity using a formula?
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APPENDIX A

Exploring Equations using the Motion Man Simulation

Using the Simulation with Equations:

1. Open this link: https://phet.colorado.edu/sims/cheerpj/moving-man/latest/moving-man.
html?simulation=moving-man

2. Click on the “Charts” function to activate the charts, deselect acceleration of applicable.

3. Click on the “Special Features” menu and then on the “Expression Evaluator” function; deselect acceleration (if
applicable).

4. Enter the function as shown above: 2 * ¢t — 5. This is how y = 2x — 5 would be entered. Note ¢ is used rather than x.

5. Then, click the blue play button in the Expression Evaluator box seen in Figure 1.

Figure 1

Position and velocity graphs created by entering an equation (Meltzer, 2023b)
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What does the ¢ represent?

What does the —5 represent? How would the graph be different if the 5 was positive?
How long did it take to get to the wall near the house?

If the 2 became a 4, how would the line look different?
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APPENDIX B

Exploring Values using the Motion Man Simulation

Using the Simulation with Equations:

1. Open this link: https://phet.colorado.edu/sims/cheerpj/moving-man/latest/moving-man.
html?simulation=moving-man
2. Click on the “Charts” function to activate the charts, deselect acceleration if applicable.
3. There is a box under the word “Position”, see Figure 2.
4. Puta$ in the “Position” box and a -3 in the “Velocity” box, as shown below.
Figure 2

Setting up the moving man simulation for equations (Melzer, 2023e)

The Moving Man (2.05.01)
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Click the blue play button. Watch the man move, then when he reaches the wall, push the “Pause” button. Try to
stop him before he hits the wall and stops.

After you pause the man, change the “Velocity” to 3 and again push “Play.” Watch the man move, then when he
reaches the wall, push the “Pause” button. Try to stop him before he hits the wall and stops.

Switch the velocity to —7 and push play. Pause him before he hits the wall, see Figure 3.
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Figure 3

Position and velocity graphs created by entering values (Meltzer, 2023c)
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8. Here are some questions to consider:

a.

o a0 o

Figure 4

We changed the velocity from -3 to positive 3, how did that impact the position/time graph? The ve-

locity/time graph?

The position/time graph is steepest at the end; why?

The velocity/time graph has horizonal lines; why?

How do the position/time graph relate to the velocity/time graph?

By manipulating the numbers entered into the “Position” and “Velocity” windows, try to create an im-

age that looks like Figure 4.

Using the graphs, generate corresponding equations (Meltzer, 2023d)
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Explain how you created your image.

How does the number you put into the “Velocity” window impact the graph with the blue

line (the position/time graph)?
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APPENDIX C

Free Simulations to Support Learning of Algebraic Concepts

Name Website Address and Description Algebra I Activities

Graphing Auvailable: https://phet.colorado.edu/sims/html/graphing- | Students can develop understanding of

Lines lines/latest/graphing-lines_all.html Allows user to graph | straight-line graphs through a variety of
straight lines using the point-slope formula and the mathematical representations and con-
slope-intercept formula, as well as to play games by texts, by varying the values of slope and
creating graphs to match computer-generated equations. | intercept and observing the associated

changes in the graphs.
Graphing Available: https://phet.colorado.edu/sims/html/graphing- | Students can explore graphs of quadratic
Quadratics quadratics/latest/graphing-quadratics_all.html functions by interactively varying coef-

Allows user to create graphs of quadratic functions in
both standard and vertex form, interactively adjusting
coefficients to explore changes in graph structure.

ficients of terms in the quadratic equation
and observing changes in the associated
graphs.

Resistance in

Available: https://phet.colorado.edu/en/simulations/

Students can explore meaning of direct

a Wire resistance-in-a-wire User can adjust values of variables | and inverse proportionality by varying
in the resistance equation R = pLL/A to observe resulting | values of one or more of the parameters
visual changes in magnitude of R. p, L, and A in the resistance equation and
observing representations of the resulting
changes in magnitude of R.
Equality Available: https://phet.colorado.edu/sims/html/equality- | Students can explore the meaning and
Explorer: Two | explorer-two-variables/latest/equality-explorer-two- structure of two-variable equations by
variables variables_all.html Allows user to create and solve two- | finding solutions when the form of the

variable equations by varying coefficients and observing
effects on a “balance scale” that compares the two sides
of the equation.

equation is fixed or by modifying the form
of the equation when the solutions are
fixed.

Gravity-Force
Lab

Auvailable: https://phet.colorado.edu/en/simulations/
gravity-force-lab User can explore Newton’s Law of
Universal Gravitation F = m m,/r* by varying values of
the masses m, and m, as well as the separation distance
r. Resulting magnitude of force F is represented by the
lengths of vector arrows.

Students can explore meaning of quadratic
and linear variation by selectively varying
parameters in the gravitational force law
and viewing representations of the result-
ing magnitude of the gravitational force.
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