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Abstract
The use of multiple representations is a well-established principle of effective mathematics
instruction, and decades of research have emphasized the importance of helping learners
make connections among symbolic, visual, verbal, contextual, and physical representations
of mathematical ideas. While the value of connected representations is widely recognized,
less attention has been given to practical strategies for making those connections explicit
and visible to learners. This article explores the use of color-connected representations as
a tool for highlighting mathematical correspondences across multiple representations of
the same concept or procedure. Through examples drawn from elementary mathematics
content and teacher preparation courses, color-connections are presented as a flexible
and durable alternative to more ephemeral forms of connection-making such as pointing,
gesturing, or verbal explanation. The article describes how color-connected representations
are introduced and developed within a two-semester mathematics sequence for preservice
elementary teachers and discusses both the benefits and limitations of the approach,
including accessibility considerations for colorblind learners. By making relationships
among representations more apparent, color-connected representations may support deeper
mathematical understanding while also providing future teachers with a practical strategy
for helping students connect mathematical ideas.
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How do you and your students usually make connections between multiple representations in your
class? That is, after representations are created and they exist within a lesson – for example,
there is a table, a graph, and a symbolic representation of the same function – exactly how are
specific connections between these representations usually brought to light? Is it through pointing
or gesturing? Is it by way of spoken explanations (either by teacher or by students)? Is it by the
sketching of arrows? Is it by a combination of these, or by some other method? Or, perhaps it is the
case that multiple representations have been present in your classroom, but the connections between
them are not explicit.

1 The Importance of Connecting Representations
The central importance of having multiple, connected representations in mathematics teaching and
learning has beenwell-established for decades. In the late 1980s, the publication of the Lesh Translation
Model offered a theoretical framework for conceptualizing this idea (Lesh et al., 1987; see Figure 1).
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At its core, the model – which has been re-published in many iterations and adaptations since
then – establishes multiple representations through which mathematical ideas can be represented
(real-life contexts, written words, hands-on materials, written symbols, and pictures). Moreover,
the line segments between each pair of representations emphasize that connections between the
representations are also central to the model.

Figure 1
A Visualization of the Lesh Translation Model (Lesh et al., 1987)

In the decades since the introduction of Lesh’s model, myriad cornerstone publications have
underscored the notion that multiple representations should be present and connected. In 5 Practices
for Orchestrating Productive Mathematical Discussions (Smith & Stein, 2011, 2018), the final practice is to
“connect”, in which teachers help students learnmathematics through the consideration and discussion
of connections between strategies, ideas, representations, etc. In Principles to Actions (National Council
of Teachers ofMathematics, 2014), one of the eightmathematics teaching practices is to use and connect
multiple representations. Specifically:

“Effective teaching of mathematics engages students in making connections among
mathematical representations to deepen understanding ofmathematical concepts and procedures
and as tools for problem solving” (p. 24).

More recently, in Building Thinking Classrooms in Mathematics (Liljedahl, 2020), we see the importance
of clearly “consolidating” and closing out a lesson, which can involve helping students see powerful
connections between representations.

2 Connecting Representations with Colors
Multiple representations of the same strategy or idea are considered to be connected when one or more
specific features of one representation are explicitly identified as mathematically corresponding to one
or more specific features of another representation. It would be easy to dismiss the notion of using
colors to connect representations as frivolous, tangential, or simply aesthetic. However, this article
explores the notion that there are powerful mathematical advantages and opportunities afforded by
using colors to connect multiple representations of the same strategy or idea. For example, consider
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the images in Figures 2a and 2b. In Figure 2a, we see two representations of the partial products
strategy for multiplication: a symbolic representation and an area model. Both representations
appear independently of each other. They represent the same strategy for the same problem, but
any connections between specific parts of the representations are not readily apparent. In Figure 2b,
however, the connections stand out immediately: the yellow region in the area model corresponds
to the yellow highlighted writing in the symbolic representation; the green region in the area model
corresponds to the green-highlighted writing in the symbolic representation; and so on.

Figure 2
Two Images of Multiple Representations of the Partial Products Strategy for Multiplication – One in
Grayscale (a), and the Other with Color-Connections (b)

(a)

(b)

As an educator of preservice elementary teachers (PSTs) in mathematics content courses, I want to
help my students develop a strong and specialized mathematical foundation (Ball et al., 2008) that
will equip them to someday implement powerful pedagogical practices, including the creation and
connection of multiple representations. Indeed, supporting my students in learning to create and
interpret multiple representations of a single mathematical idea has been a relatively straightforward
(and deeply enjoyable) aspect of my courses, and it is indeed a crosscutting component of most – if not
all – textbooks for preparing future elementary teachers (e.g., Beckmann, 2017; Sowder et al., 2023).
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However, it has been less straightforward to determine how to model, develop, and even assess my
PSTs’ understanding of the connections that exist between representations. I have further considered
which strategy for making those connections will be most impactful for their future students.

Revisiting some of the strategies mentioned in the introduction to this article – that is,
pointing/gesturing, sketching arrows or connector lines, and/or explaining aloud – it is apparent that
each has significant limitations. Specifically, pointing and gesturing is fleeting and ephemeral; once
the pointing or gesturing has stopped, it is no longer accessible. Spoken explanations have a similar
ephemeral nature. Written explanations of connections are much less fleeting but are time-consuming
to create and cumbersome to interpret. Sketched arrows or lines that connect a specific part
of one representation to another seem to avoid the issues of being fleeting, time-consuming, or
cumbersome, but more than one or two connections often begins to clutter the representations
with an obscuring entanglement. Table 1 summarizes the positive qualities of various methods for
connecting representations. By comparing the methods of color-connecting, pointing, explaining
aloud, explaining in writing, and drawing arrows, we see that color-connecting is the only method that
has all three qualities of: durability (being not fleeting), being quick to produce, and scaling reasonably
to allow for many connections.

Table 1
Qualities of Various Methods for Connecting Representations

Color-
Connecting

Pointing Explaining
Aloud

Explaining in
Writing

Drawing
Arrows

Durable X X X

Quick to Produce X X X

Scales to Allow Many
Connections

X X X

Color-connections are also adaptable with respect to which connection(s) are to be emphasized. There
is almost alwaysmore than one correct way to color-connect representations. The example in Figure 3a
shows two representations of the U.S. standard algorithm for multi-digit subtraction: a symbolic
representation and a sketched version of base-ten blocks. Figure 3b shows one way to color-connect
these two representations so that each digit of the subtrahend 164 in the symbolic representation is
clearly connected to its visual counterpart. Figure 3c shows an alternative and equally-reasonable
way to make color-connections between these representations. Specifically, Figure 3c connects the
symbolic representation of the regrouped 4 hundreds into 3 hundreds and 10 tens to the sketched
base-ten blocks.

Figure 3
Three Images of Multiple Representations of the U.S. Standard Algorithm for Subtraction – One in
Grayscale (a), the Other Two with Color-Connections Highlighting Contrasting Ideas (b) and (c)

(a)
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Figure 3 (continued)

(b)

(c)

3 Supporting PSTs in Color-Connecting Representations
At my institution, there is a two-semester sequence of specialized mathematics for undergraduate
future elementary teachers. Accordingly, we introduce color-connected representations gradually over
the year, beginning with informal exposure and culminating in explicit assessment of student-created
color-connections between representations.

In the first semester, we focus on exposure and opportunity with respect to color-connecting
representations. From the first day of class onward, I consistently model the connection of
representations through color by creating them myself for the class to see (and learn from). A few
weeks in, I occasionally explain my thought process for my students regarding my intentional use of
colors while the connections are being created in real time. For example, I might say aloud, “I think I’m
going to choose the green marker next so that I can make this part of the picture green and this part of
the equation green as well, to show a connection there.” At the same time, frequent opportunities exist
for students to create color-connected representations in class: students are provided with multiple
colors in their group whiteboard supply sets, and each student is asked on the syllabus to bring at least
4 colors to class (markers, highlighters, colored pencils, etc.) that they can use on their own paper.
Their homework is created on a digital interface that has many color options as well.

During the first semester, many students will spontaneously make color-connections between
their representations on in-class work, assignments, and assessments. Anecdotally, in the Fall
of 2025 across two classes of PSTs, approximately 92% (65 out of 71) students made at least
one unprompted color-connection on their first written exam. Examples of some first-semester
unprompted color-connections appear in Figure 4.
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Figure 4
Examples of First-Semester PSTs’ Spontaneous Color-Connections

In the second semester, the creation ofmeaningful color-connections between representations becomes
a more explicit part of the course. During the second week of the semester, students are given a small
assignment that explains the purpose of color-connected representations and asks them to create their
own color-connections on pre-existing representations (see Appendix). This assignment is debriefed
in class, and – from that point forward – color-connections are occasionally a graded element of
assignments and assessments.

4 Color-Connections in K–12 Classrooms
In your own classrooms with students who are not necessarily preparing to be teachers,
color-connections could be meaningfully incorporated in a number of ways, depending on your
preference. At the most straightforward level, you (the teacher) might use color-connections on your
own board-work and/or written notes that are visible for students. For example, returning to the
example at the opening of this article, let us consider the scenario where a teacher has a table, a graph,
and a symbolic representation of the same function on the board and has made color-connections as
shown in Figure 5. As a result of the color-connections, the teacher has effectively, quickly, and durably
shown where both the 𝑦-intercept and the slope appear in each representation of the linear function.

To involve students in creating color-connections themselves, you could choose to be directive about
their use of color. For example, a task or assignment could prompt the students, “use your yellow
highlighter to show where the regrouped ten shows up in your picture and in your math symbols.” Or,
“use one colored pencil to color the numerator in your written product and your numerator in your
area model.” Alternatively, you could make the task more open-ended and less directive, encouraging
students to use one or two colors in a strategic way to show the connections they see between two
representations. Either approach allows for formative assessment of student understanding that is
quick and readily visible.
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Figure 5
Color-Connections to Highlight 𝑦-Intercept and Slope in Three Representations of a Linear Function

5 Limitations and Accessibility
While there can be multiple correct ways to color-connect representations, there are drawbacks
and limitations, just as there are with any other strategy for connecting representations. Indeed,
color-connections can be “incorrect” in that colors might have been inadvertently used to connect
parts of representations that do not actually correspond. Relatedly, sometimes color-connections
can be partially correct, and/or they can be too plentiful, which can either fully or partially dilute
their mathematical meaning and usefulness. An example of this is shown in Figure 6. Using colors
for the sake of having colors is not the type of meaningful connection intended by the notion of
color-connected representations.

Figure 6
An Example of Less-Useful, Less-Meaningful Color-Connections Across Representations

A reasonable concern about color-connected representations is the accessibility of color-connections to
colorblind students. While exact numbers are unknown, approximately 2.59% of the global population
of children is congenitally colorblind, with congenital colorblindness beingmore prevalent in the global
population of boys (approximately 4.38%) than in the global population of girls (approximately 0.64%;
Jeong et al., 2025). It is important that all colorblind students have full access to the mathematics
content happening in the classroom as they learn alongside their typically-sighted peers. Because most
variations of colorblindness pertain to only one or two colors – usually red and/or green (Almustanyir,
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2025) – a teacher could simply omit the use of those one or two colors in the case where they have
students with those specific vision differences. Alternatively, patterning (e.g., stripes, dots, dashes,
shading, or squiggles) can be used instead of – or in addition to – colors. An example of this appears
in Figure 7.

Figure 7
An Example of Representations That Are Connected by Patterning in Addition to Colors

That said, the overt aesthetic appeal of correctly and reasonably color-connected representations
should not be totally disregarded. Indeed, colors are part of our natural world, and many people
are inherently more interested in something colorful over something in grayscale. Movements and
organizations for the integration of the arts, mathematics, and sciences are plentiful, and “mathematical
color-connecting” could be thought of as a meaningful, dynamic integration of the visual arts and
mathematical concepts, in line with this mission.

6 Conclusion
Representations in mathematics classrooms are most powerful when learners can clearly identify the
relationships between them. While educators have long recognized the importance of using multiple
representations, less attention has been given to the practical question of how those representations
can be connected in ways that are visible, lasting, and useful. Color-connected representations offer
one promising avenue to consider. Whether one’s students are future teachers themselves (as mine are)
or a different population of learners, color-connections provide teachers and students with a flexible,
efficient, and engaging tool for highlighting important mathematical relationships.
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Appendix

An assignment for PSTs to learn about color-connecting representations

One way that we, as (math) teachers, can help all students is by using multiple, connected
representations of ideas. Below is a graphic showing 5 different ways that mathematical concepts can
be represented: real-life contexts, written words, hands-on materials, written symbols, and pictures.
Take a moment to consider each representation on the graphic. Notice how there are connecting lines
between each type of representation.

The connections arewhere the “magic” happens for learners! Wewant to havemultiple representations
in our classrooms, and we want those representations to be connected. These connections happen in
a classroom in a variety of ways – for example, through gestures like pointing or through focused
discussion.

Another way in which we can connect representations for our students is by the strategic and
intentional use of colors. Take a few moments to study the examples below that use colors to connect
visual representations to symbolic representations:

Example A

Example B
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Example C

For this assignment, you’ll be practicing the creation of your own intentionally color-connected
representations. (A digital version of the three problems below can be found at:
polypad.org/cNeeFNmJ2CUDg)

1) Use a highlighter or marker to strategically color-connect the symbolic equations to the fraction
circles:

1/2 + 1/3 = 3/6 + 2/6 = 5/6

2) Use a highlighter or marker to strategically color-connect the symbolic equations to the number
line:

3) Use a marker or highlighter to strategically color-connect the symbolic equations to the area model:
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