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This study explored how prospective elementary teachers
developed mathematics teaching that used the cultural,
linguistic, and cognitive resources from home and community
settings to promote learning school mathematics with robotics.
Drawing on lesson planning artifacts and written reflections
following lesson enactments, the authors describe how
prospective teachers made progress toward more equitable
mathematics teaching by connecting mathematics learning and
robotics, leveraging community funds of knowledge in
mathematics instruction with robotics, and designing for
transdisciplinary connections. Analyses showed how robotics
can support planning for a range of elementary mathematics
concepts — including counting, multiplicative reasoning,
distance, and sequence — and may encourage leveraging
students’ sense of place to make mathematics learning more
accessible for every student. These findings suggest that
mathematics teacher educators and teachers should consider
using innovative tools not typically seen in classrooms, such as
robotics, in mathematics instruction as they work to support a
focus on reasoning and sense making and make connections to
children’s community and cultural funds of knowledge.
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As equity in mathematics education has garnered more attention, multiple
avenues have emerged for increasing learning opportunities for students
historically marginalized in mathematics. In this project, we brought
together two avenues for equity-minded mathematics teaching:
developing mathematics teaching among prospective teachers (PTs) that
incorporated both technology and funds of knowledge to foster
mathematics learning toward supporting broader equity goals.

This study examined mathematics teaching that utilized digital
technologies for increasing opportunities for mathematical reasoning and
sense making and supporting positive dispositions toward mathematics
(as recommended in Forgasz et al., 2010). Leveraging funds of knowledge
means using the cultural, linguistic, and cognitive resources from home or
community settings to promote learning the school mathematics
curriculum (Aguirre et al., 2012; Harper et al., 2018).

This paper reports our study of the use of robotics in mathematics
teaching, which are appropriate for working with students across grades
preK-12 and for supporting culturally responsive teaching (Leonard et al.,
2016, 2018; Newton et al., 2020; Sullivan & Bers, 2016; Xia & Zhong,
2008). We explored PTs’ development of mathematics teaching within an
elementary mathematics methods course through a model that engaged
them in learning about technological tools and about community-based
mathematics practices. Our aim was to design and implement science,
technology, engineering, and mathematics (STEM) activities that
leveraged both robotics and funds of knowledge.

Background

Although this study centered PTs’ development, we grounded our work
with PTs in separate lines of research. This research suggested that
integrating digital technology and leveraging funds of knowledge in
mathematics classrooms can positively impact the mathematics
achievement of preK-12 students (e.g., Kisker et al., 2012; Li & Ma, 2010).
Bringing these two pedagogical approaches together in a university-based
elementary mathematics methods course was grounded in theories
framing both mathematics and digital technologies as situated within
cultural practices. This effective and equitable teaching had to address the
different needs, positions, and identities of students as they engaged with
mathematics through technology (Forgasz et al., 2010; Nasir, 2002).

Teaching mathematics with technology shows potential to support
differentiated instruction and student-centered practices (Thomas &
Edson, 2019), but without cultural considerations can exacerbate
inequities (Forgasz et al., 2010). In particular, differences across gender,
race/ethnicity, and socioeconomic groups in access to and uses of
technology at both home and school may further limit mathematics
learning opportunities for students from historically marginalized groups
(Forgasz et al.,, 2010; Warschauer & Matuchniak, 2010; Wang &
Moghadam, 2017).
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For example, Black students are likely to use technology in school
mathematics at least once a week; however, the use of that technology
often prioritizes remedial computer-drill (Kitchen & Berk, 2016;
Warschauer & Matuchniak, 2010), an instructional approach that is
known to perpetuate inequitable mathematics outcomes for Black
students (Berry et al., 2014; Martin, 2019). Thus, educators integrating
technology into mathematics teaching toward equity goals must consider
the broader sociocultural and sociopolitical conditions impacting
mathematics learning opportunities for students from historically
marginalized groups.

Accordingly, a funds of knowledge approach is a promising complement
to teaching mathematics with technology because of the inherent
emphasis on bridging cultural-, community-, and home-based practices
with school practices. Leveraging funds of knowledge fosters a strengths-
based approach by positioning students’ diverse knowledge bases,
experiences, and resources as assets for mathematics learning (Aguirre et
al., 2012; Moll et al., 1992). Adopting such a strength-based approach
encourages teachers to emphasize what students know and can do with
available resources and tools, which may mediate challenges in the
differential access and use of technology.

This study aimed to integrate two considerations essential in the
preparation of teachers of mathematics (Association of Mathematics
Teacher Educators, 2017), using mathematical tools and technology and
drawing on students’ mathematical strengths, usually considered
separately. In this study, we asked the following research question: How
do PTs develop mathematics teaching that uses the cultural, linguistic, and
cognitive resources from home and community settings to promote
learning school mathematics with robotics?

Learning to teach mathematics with technology requires a sophisticated
and integrated knowledge of teaching, mathematics, and technology
(Koehler & Mishra, 2009; Thomas & Edson, 2019). Likewise, learning to
bridge funds of knowledge and the school mathematics curriculum
requires deep knowledge of teaching, mathematics, and students’
community- and home-based experiences and resources (Aguirre et al.,
2012; Harper et al., 2018). Thus, bringing together these two avenues for
equity in mathematics education increases the complexity of learning to
teach.

Our study aimed to open pathways for and identify challenges to preparing
PTs for teaching mathematics by leveraging both technology, namely
robotics, and funds of knowledge. The following sections contain a brief
overview of the research on teaching and learning to teach mathematics
with robotics and funds of knowledge.

Research on Robotics in STEM Education

Policymakers have called for integrated content frameworks to support
preK-12 STEM education that incorporates critical thinking, fundamentals
of coding, and use of digital technologies (e.g., Tennessee Department of
Education, 2018a). Students historically marginalized in mathematics,
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however, also experience marginalization when learning coding and using
digital technologies.

For example, by age six, stereotypes that boys are better than girls at
robotics and computer programming lowers girls’ sense of belonging in
STEM and limits their access to activities such as computer games and
technological toys (Master et al., 2016). Research consistently shows that
cultural stereotypes and, consequently, limited opportunities to engage
with coding and digital technologies maintain gender inequities (Bian et
al., 2017; Funke et al., 2017; Master et al., 2016, 2017), but considerations
of access and participation among Black and Latinx children remain
underexplored. In fact, the experiences of Black and Latinx children have
been largely ignored (Newton et al., 2020).

Only a few studies have taken up cultural considerations (Leonard et al.,
2016, 2018; Newton et al., 2020; Scott et al., 2015), but those studies show
that robotics offers an authentic way for teachers and students to draw on
cultural capital as they use digital technologies and engage with the
fundamentals of coding. Further, robotics provides a highly engaging
STEM strategy to reinforce mathematical concepts (e.g., solving
equations; Grubbs, 2013).

In addition to individual motivation, Yuen et al. (2014) found that using
robotics facilitated collaborative learning experiences that encouraged
students to draw on multiple strengths in design and implementation,
which aligns with equitable approaches to broadening participation in
mathematics education (Esmonde, 2009). Additional research suggests
that student use of robotics is an impactful instructional method for
students with exceptional needs (e.g., autism spectrum disorder,
emotional and behavioral disorders, Down syndrome, and medically
fragile students; Benitti, 2012; Knight et al., 2019; Nickels & Cullen, 2017;
Taylor, Vasquez et al., 2017).

Support for developing teachers’ STEM instructional skills and
pedagogical use of robotics is an ongoing area of research. Leonard et al.
(2018) focused on developing practicing teachers’ STEM skills in tandem
with culturally responsive teaching. Findings from their study noted
increased teacher efficacy, improved technical understanding, and
development of equitable STEM practices for teachers.

Research indicates a continued “need for teacher [professional
development] and ongoing support as teachers integrate robotics and
computational thinking in their classrooms” (Chalmers, 2018, p. 99). This
study contributes to the field’s emerging understandings of how teachers
learn to integrate robotics into mathematics instruction.

Research on Funds of Knowledge in Mathematics Education

Guidance on preparing teachers of mathematics increasingly has
emphasized the importance of drawing on students’ mathematical
strengths, particularly regarding valuing diverse mathematical, cultural,
and linguistic funds of knowledge (Association of Mathematics Teacher
Educators, 2017). Funds of knowledge refer to the “historically
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accumulated and culturally developed bodies of knowledge and skills
essential for household or individual functioning and well-being” (Moll et
al., 1992, p. 133). Accordingly, mathematics instruction that leverages
funds of knowledge uses the cultural, linguistic, and cognitive resources
from home or community settings to promote learning the school
mathematics curriculum (Aguirre et al., 2012; Harper et al., 2018).

Research has shown that culturally relevant learning environments that
value funds of knowledge positively affect student effort and engagement
(Howard, 2001; Ladson-Billings, 2009). In addition to increasing
participation, incorporating children’s everyday mathematics practices
into classroom instruction challenges students’ expectations about
mathematics, broadening ideas about who can do mathematics and what
mathematics is (Civil, 2002). Consequently, situating mathematics in its
community- and home-based cultural context significantly increases
student performance on traditional measures of mathematics
achievement (Kisker et al., 2012).

Supporting teachers to utilize funds of knowledge for students’ learning of
school mathematics is not straightforward (Civil, 2007). Given the
commonly held misperception that mathematics is culturally neutral, the
divide between home-based and school-based mathematics remains wide.
Thus, identifying and leveraging everyday mathematics practices proves
more challenging than in other disciplines such as language arts or social
studies (Gonzalez et al., 2001).

Research on PTs’ development of mathematics teaching that leverages
funds of knowledge shows a tendency toward only superficial connections
to out-of-school experiences (e.g., changing names of locations) or only
procedural mathematics (e.g., calculations with money) rather than
reasoning and sense making (Aguirre et al., 2012; Harper et al., 2018).
These findings indicate a continued need for research in mathematics
teacher education on bridging funds of knowledge and school
mathematics in meaningful ways, and this study contributes to the field’s
understandings of how teachers learn to leverage funds of knowledge in
mathematics instruction.

Transdisciplinary Connections as Funds of Knowledge

In addition to home- and community-based funds of knowledge, we also
included knowledge, experiences, and ways of knowing from other
disciplines in our current framing of funds of knowledge. We chose to
broaden the concept of funds of knowledge in this study for several
reasons.

First, connecting mathematics to other disciplines shows promise for
addressing inequities in mathematics (Jao & Radakovic, 2018).
Transdisciplinary connections can enhance students’ ability to leverage
their home- and community-based funds of knowledge in meaningful
ways in mathematics (Harper 2017, 2019). Further, the focus on using
robotics in mathematics is inherently transdisciplinary, bringing together
computer science and mathematics. A conceptual model that expands
STEM to STEAM, by promoting cross-curricular content integration
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through art-related fields (e.g., social studies, literature, and visual art),
fosters teachers’ ability in creating authentic problem-based learning tasks
(Quigley et al., 2017).

Finally, teachers can identify and leverage everyday practices from
children’s lives more easily in other disciplines than in mathematics
(Gonzalez et al., 2001). Thus, we hoped that encouraging transdisciplinary
connections might also enhance teachers’ ability to leverage children’s
home- and community-based funds of knowledge in meaningful ways in
mathematics instruction.

Research Questions

Overall, we aimed to explore how PTs develop mathematics teaching that
uses the cultural, linguistic, and cognitive resources from home and
community settings to promote learning school mathematics with
robotics. More specifically, we addressed the following research questions:

How do PTs connect mathematics learning and robotics?
How do PTs who use robotics for mathematics instruction
leverage community funds of knowledge and transdisciplinary
connections?

M=

Methods
Context and Participants

Research took place within initial teacher licensure programs at a public
university in the southeastern United States. Across fall 2018, spring 2019,
and fall 2019, groups of PTs from five sections of a master’s-level
elementary mathematics methods course designed, planned for, and
facilitated mathematics activities at informal STEM events (henceforth,
family STEM nights) hosted afterschool by nearby public elementary
schools and preschools. Table 1 provides a summary of PT enrollment
across the five sections of elementary mathematics methods.
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Table 1 Prospective Teacher Enrollment Across Five Sections of

Mathematics Methods
Section

Semester Focus
Fall 2018 K-5
Fall 2018 PK-3
Spring 2019  K-5
Fall 2019 K-5
Fall 2019 PK-3
TOTAL

Total
PTs

16

20

21

22

24

103

Enrollment by Licensure Area/Cohort

8 master’s candidates seeking initial licensure
for K-5

6 master’s candidates seeking initial licensure
for special ed

2 undergraduate (seniors) seeking initial
licensure in deaf ed

19 master’s candidates seeking initial licensure
for PK-3

1 undergraduate (senior) seeking initial
licensure for K-5

8 master’s candidates seeking initial licensure
for K-5 (urban)

9 master’s candidates seeking initial licensure
for K-5

4 master’s candidates seeking initial licensure
for special ed

11 master’s candidates seeking initial licensure
for K-5

9 master’s candidates seeking initial licensure
for special ed

2 undergraduate (seniors) seeking initial
licensure in deaf ed

24 master’s candidates seeking initial licensure
for PK-3

37 seeking initial licensure for K-5

(28 master’s candidates; 1 undergraduate; 8
master’s — urban)

43 master’s candidates seeking initial licensure
for PK-3

19 master’s candidates seeking initial licensure
for special ed

4 undergraduate (seniors) seeking initial
licensure in deaf ed
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We did not explicitly ask PTs to self-identify race and gender; therefore,
these demographics are not reported in Table 1. Based on informal
conversations with students across the courses, demographics seemed
typical of teacher education programs nationally (i.e., mostly young white
women from middle class backgrounds).

Harper was the instructor for all sections of the course, and Stumbo served
as a teaching assistant for all sections in spring and fall 2019. The methods
course is designed for master’s candidates seeking initial licensure while
simultaneously completing a yearlong teaching internship; however, some
undergraduate students take the course before their internship based on
senior privilege. The course is a requirement for PTs across multiple
licensure programs, including preK-3 licensure, K-5 licensure, K-5
licensure with a focus on urban, multicultural education, special
education, and deaf education.

In preparation for facilitating activities at the family STEM nights, all PTs
completed various activities and readings to learn about leveraging
cultural and community funds of knowledge, making transdisciplinary
connections, and using digital technology in mathematics teaching as part
of the methods course (for more details about course readings, class and
homework activities, etc., across various sections and semesters, see
Harper, 2020).

For example, in fall 2018, several groups of PTs expressed interest in using
available robotics but ultimately decided to use nondigital resources (e.g.,
snap cubes and geometric shape building sets) because they lacked
experience using robotics. Consequently, beginning in spring 2019, we
included in the methods course one 3-hour class session dedicated to using
technology, transdisciplinary connections, and home- and community-
based experiences in mathematics education.

Building on required course readings (e.g., Carpenter et al., 2017; Daml,
2017), this lesson introduced general principles for teaching mathematics
with technology and making transdisciplinary and home-school
connections. PTs engaged with three robotics tools and one nondigital
STEM tool to identify ways of supporting mathematics and
transdisciplinary learning using available resources and to identify
possible home-school experiences to enrich this learning.

The nondigital STEM tool focused on magnetism (STEM Magnets Set by
Learning Resources; https://www.learningresources.com/stem-magnets-
activity-set). One robotics tool involved programming a pathway on a
tablet using Dblock coding (Dash by Wonder Workshop;
https://www.makewonder.com/robots/dash/). Another robotics tool
involved programming a pathway using directional arrows on the robot
itself (Code and Go Robot Mouse by Learning Resources;
https://www.learningresources.com/code-gor-robot-mouse-activity-set).
Another involved connecting circuits to build a robot that could create
artwork with one or two markers (Smart Art Circuit Cubes by Tenka;
https://circuitcubes.com/collections/kits/products/circuit-cubes-smart-
art-kit-lite).
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The family STEM night project served as the major course project and was
designed to integrate various ideas from across course activities and
readings (not only the 3-hour lesson described previously). The project
design was adapted from the Community Exploration Module developed
by the TEACH Math project (Turner et al., 2015). The project was divided
into four stages in fall 2018 and spring 2019 and five stages in fall 2019.
PTs completed the project in small groups of two to four. For more details
about the major project, including detailed assignment descriptions and
rubrics, see Harper (2020). Stages were as follows:

1. Community Walk. PTs visited the community surrounding the school
where the family STEM night was held to identify community-based
experiences and mathematics and STEM practices they could leverage in
their activity design. They reflected on what they learned about
mathematics in the community and proposed an idea for the family STEM
night activity. This stage supported PTs to (a) describe key mathematics
concepts; (b) use tools, technology, and other resources effectively to
support mathematics learning; (c¢) leverage community-based experiences
to support mathematics learning; and (d) view all people as
mathematically capable.

2. Lesson plan. PTs developed a lesson plan for their family STEM night
activity and received feedback from the instructor or teaching assistants.
Revisions were made as needed. This stage was designed to address the
four goals from Stage and 1 was also to support PTs to anticipate children’s
strategies and mathematical thinking and view students as capable of
solving sophisticated, yet accessible, mathematics problems.

3. Lesson implementation. PTs implemented their lesson at a family STEM
night.

4. Reflection. PTs answered eight reflection questions to demonstrate their
ability to recognize children’s mathematical engagement and to describe
what they learned about mathematics teaching and from the lesson
implementation. This activity focused on the Stage 1 and 2 goals and
encouraged PTs to relate children’s strategies to the mathematics concepts
students are learning.

5. Revision and publication. Beginning in fall 2019, PTs revised their
lesson plan based on their experience with implementation and their
reflection. They provided a rationale for their revisions and published their
final lessons to share with other teachers. This activity was added to
encourage PTs to analyze and learn from their own teaching and
contribute to a network of teachers who seek to improve their classroom
practice.

Data Sources and Analysis

Data sources included reflections on the community walk and initial ideas
for STEM lessons (one per group of PTs; Project Stage 1), initial and final
lesson plans with instructor feedback (one per group of PTs; Project Stages
1 and 5), and written reflections following the implementation of the
STEM lesson (one per PT; Project Stage 4). Analysis proceeded through
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various rounds, which were guided by a qualitative approach that involves
iterative rounds of analysis to describe, condense, and display the data in
ways that allow for researchers to identify themes (Miles et al., 2014) in
relation to the research question.

Round 1

The first round of analysis sought to condense the data set by limiting it to
those data relevant to the research questions (i.e., only those lessons that
used robotics in mathematics instruction). Harper examined each lesson
plan from all five sections of the course to identify whether planned
activities incorporated robotics or other digital technologies. Only those
groups who incorporated robotics were selected for the second round of
analysis. Accordingly, only data from two groups in spring 2019 and two
groups from fall 2019 were included in subsequent analyses.

Ten PTs participated as members of these four groups; all 10 PTs were
master’s degree candidates completing their yearlong internship. In spring
2019, both groups — a group of four special education PTs (Adam, Claire,
Peyton, and Whitney; all names are pseudonyms) and a pair of K-5 urban
education PTs (Hollie and Idil) — implemented their lessons at Dozier
Elementary (an urban Title I, preK-5 school; 42% Black, 17% Latinx
student population). In fall 2019, a pair of K-5 PTs (Brittany and Lily)
implemented their lesson at Mountainside Elementary (a rural Title I, K-
5 school; 90% white student population). The other pair in fall 2019
(Dallas and Hope) implemented their lesson at Moses Smith Preschool (an
urban Title I, public preschool; 90% Black student population).

Round 2

The goal of the next round of analysis was to develop a codebook to
describe the contents of the data set relevant to the research questions.
Harper began this process by analyzing written reflections by PTs in
selected groups from spring and fall 2019. Using NVivo, analysis began
with three broad themes: (a) mathematics, (b) technology, and (c) funds
of knowledge. Through iterative cycles of open coding, subthemes were
identified and data were coded at the sentence level. Additional themes
were added until codes were exhaustive. Initial analysis focused on
individual responses to three of eight reflection questions.

1. How did you see children and families engaging in mathematics
during your task?

2. How did you see children and families connect your mathematics
task to or align it with family or community knowledge or
practices?

3. How did you see children and families connect your mathematics
task to other content areas (e.g., STEAM or literacy)?

These three questions were selected for codebook development because
they elicited PTs’ ability to recognize and describe children’s engagement
with mathematics, technology, and funds of knowledge, whereas other
reflection questions asked about mathematics teaching and learning more
broadly.

28



Contemporary Issues in Technology and Teacher Education, 21(1)

The appendix provides definitions for all themes and subthemes, with
illustrative examples for each subtheme. Subthemes for mathematics
focused on identifying the specific mathematics topics engaged during the
STEM night (e.g., counting, distance, or multiplication).

Subthemes for funds of knowledge identified sources of home or
community connections (e.g., familiar locations, family, or parental
involvement). Subthemes for technology noted the specific robotics and
supporting digital technologies used or how the tools were used (e.g., Code
and Go Robot Mouse or Dash Robot).

One additional theme emerged, Access, which denoted PTs’ descriptions
of how mathematics was accessible for or inclusive of every student.
Subthemes in this category identified specific features of an activity that
broadened access to mathematics (e.g., multiple entry points or student
input). Stumbo and Kim reviewed the initial coded excerpts using the
codebook to confirm that themes and subthemes were exhaustive for
responses to the three reflection questions and helped refine definitions in
the final version of the codebook.

Round 3

Harper used the established codebook (appendix) to analyze remaining
data. Namely, the codebook was used to analyze data from the community
walk (Project Stage 1), group lesson plans (Project Stages 2 and 5), and
individual written responses to the remaining five reflection questions
(Project Stage 4):

e What were your strengths at supporting students to grapple with
a challenging mathematics task?

e What is an area of growth for you to support students to grapple
with a challenging mathematics task?

e How did this experience help you see what diverse learners are
capable of doing in mathematics (versus what they can’t do)?

¢ Based on your experience, what opportunities and challenges do
you see for using these types of tasks in your future mathematics
teaching?

e Anything else that you'd like to share about what you learned
about mathematics teaching and/or learning? (Optional)

Harper applied codes at the topic level (i.e., coding phrases/sentences or
groups of sentences related to the same topic), and only excerpts relevant
to mathematics, funds of knowledge, and technology were coded. Access
codes were applied only to excerpts that were otherwise coded. Finally,
hierarchy charts and matrices were created using NVivo to identify the
prevalence of subthemes through a visual data display showing nested
relationships among codes and data sources.

We also created data displays in NVivo to show cooccurrence of codes to
examine connections among mathematics, robotics (RQ1) and community
funds of knowledge (RQ2). Excerpts coded for prevalent subthemes and
for cooccurring themes were reviewed to generate the overarching findings
and to identify illustrative excerpts.
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Round 4

To address questions about the relationship between mathematics
instruction using robotics and transdisciplinary connections (RQ2),
Stumbo identified instances in the lesson plans that either explicitly
named standards from disciplines outside of mathematics or suggested
cross-curricular connections, using his familiarity with the content
standards as a former elementary teacher and current elementary teacher
educator. Excerpts were taken verbatim and analyzed using the state
content standards for fine arts, science, computer science, and social
studies. Five content areas emerged as relevant in the analysis. Within
each content area, Stumbo identified the relevant strands within the state
standards, as follows.

Computer Science. The relevant strand was coding and computer
programming. Within this strand students “use analytical and innovative
problem solving skills to decompose, identify patterns, generalize
information, and formulate algorithmic processes to solve a problem or
related set of problems with a variety of tools” (Tennessee Department of
Education, 2018b, p. 5).

English Language Arts. The relevant strand was speaking and
listening. Within this strand students “present information/ideas formally
and informally in such a way that others can follow a line of reasoning”
(Tennessee Department of Education, 20164, p. 41).

Fine Arts. The relevant strand was the visual arts strand. This strand
describes how “the course of instruction in all public schools for (K-8) shall
include art ... education to help each student foster creative thinking,
spatial learning, discipline, craftsmanship and the intrinsic rewards of
hard work” (Tennessee Department of Education, 2018c, p. 1).

Science. Two relevant strands were related to science: engineering design
and physical science. Within the engineering strand students “integrate
science, mathematics, technology, and engineering design to solve
problems and guide everyday decisions” (Tennessee Department of
Education, 2016Db, p. 1). The physical science strands suggested, “Children
form mental models of what science is at a young age” (Tennessee
Department of Education, 2016b, p. 8).

Social Studies. Two strands were relevant: geography and culture.
Within the geography strand, “students will use knowledge of geographic
locations, patterns, and processes to show the interrelationship between
the physical environment and human activity...” (Tennessee Department
of Education, 2017, p. 10). Within the culture strand, “students will use
culture and cultural diversity to understand how human beings create,
learn, share, and adapt to culture and appreciate the role of culture in
shaping their lives and society, as well the lives and societies of others”
(Tennessee Department of Education, 2017, p. 10).

Finally, charts for the cooccurrence of codes were created in NVivo to show
connections between mathematics instruction using robotics and
transdisciplinary content (RQ2). Excerpts coded for prevalent and
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cooccurring themes were reviewed to generate the overarching findings
and to identify illustrative excerpts.

Findings

Of six total groups, only two groups incorporated robotics into their STEM
night activities in spring 2019, and of 20 total groups, only two groups
incorporated robotics into their activities in fall 2019. Findings come from
the lesson plans and individual reflections of PTs in those four groups.

In this section, first is an overview of the mathematics, funds of knowledge,
and robotics planned for each activity based on the analysis of lesson
plans. Then is an elaboration of what individual reflections and lesson
plans suggested about PTs’ development of mathematics teaching that
uses funds of knowledge to promote learning school mathematics with
robotics toward broader equity goals.

Overview of Dash Robot Activities

In spring 2019, Adam, Claire, Peyton, and Whitney, planned for students
at Dozier Elementary to navigate the Dash Robot to move between familiar
community-based locations on a grid with 20-centimeter blocks (Figure
1). In the lesson plan, the group focused on mathematical ideas of
sequencing as students gave “directions through up, down, left, or right to
move the Dash Robot from a starting point to an ending point.” They
planned that students would need to engage in mathematical practices
such as making sense of problems and persevering to solve them as they
calculated “distance between places by both measuring through 10 cm [or
20 cm] increments and/or blocks.”

Figure 1 Adam, Claire, Peyton and Whitney’s Lesson in Action

Note. Figure shows a student using the application on the iPad to navigate Dash
to a community-based location on the 20 cm grid (left) and a student counting
the number of blocks Dash needs to move (right).
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The group described technology integration in their lesson through the use
of the Dash Robot and also noted that “once the distance is calculated the
students will input the information to the iPad touchscreen tablet PC to
control the Dash Robot.” Finally, in describing community funds of
knowledge that students could leverage, the group focused on how the
activity would be “engaging and accessible for students and families in the
area because it allows them to make real world connections. The places on
the map will provide a similar approximation to the actual locations of the
places in the community.” This approximation of relative distances and
locations was designed to allow students to leverage their knowledge of the
community to navigate Dash on the grid.

In fall 2019, Brittany and Lily planned for students at Mountainside
FElementary to navigate the Dash Robot to move from the local Corner
Market to four regional distributors to collect ice, jam, milk, and peaches
and to deliver the supplies to the Corner Market. In the lesson plan, the
pair focused on the mathematics involved in counting by ones or tens.
Both the grid and the iPad application for controlling the Dash Robot’s
movement were based on 10-centimeter increments, allowing for one-to-
one correspondence.

Brittany and Lily also emphasized the need for engaging in mathematical
practices related to reasoning and problem solving because some of the
items from distributors are perishable. Students needed to “find one
efficient path for the Wonder Workshop Dash to take in order to pick up
all the required items.”

The pair described technology integration in their lesson through the use
of the Dash Robot and its accompanying application:

Students are required to utilize an application on a tablet to practice basic
coding skills in order to make Dash move from location to location. They
will be tasked with making Dash turn different directions and move
forward across different distances.

In describing this technology integration, they highlighted computational
thinking (i.e., algorithmic thinking, and sequencing) in coding the Dash
Robot. Finally, in describing community funds of knowledge that students
could leverage, the pair focused on how “Corner Market is unique to the
school community. All the locations and foods should be familiar to the
students who have been to Corner Market before.” Brittany and Lily had
used products and distributors they identified when visiting the market
and talking with the market employees.

In spring 2019, Hollie and Idil planned for students at Dozier Elementary
to navigate the Code and Go Robot Mouse to move from the school or a
student’s home to a familiar community location (Figure 3). In the lesson
plan, the pair focused on the mathematics involved in “mapping and
coding the pathway from Point A to Point B.” In particular, they named,
visual/spatial reasoning by predicting movement in space to create
sequences that determine “step-by-step, how to go from place to place in
the community.”
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Figure 2 Brittany and Lily’s Lesson in Action
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Note. Figure shows a student using the application on the
Dash Robot to the regional jam distributor.

Overview of Code and Go Robot Mouse Activities

Figure 3 Hollie and Idil’s Lesson in Action

« ) ’
Note. Figure shows a student preparing to navigate the Code and Go Robot
Mouse from the school to a selected community location (left) and students using
the cards to help plan the robot’s path (right).

They also noted a need to engage in mathematical practices related to
making sense of problems and persevering in solving them. The pair
described technology integration in their lesson through the use of the
Code and Go Robot Mouse, which“moves on its own [through a
predetermined pathway] once programmed by the participants.”
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In describing technology use, they emphasized predicting the sequence to
code the mouse to move through the pathway. Finally, in describing
community funds of knowledge that students could leverage, the pair
focused on how

students and families will use knowledge of places in the community to
formulate a path between two...places that they frequently visit. This
requires that students think about what they know about the location
between two points as well as their experience walking, driving, biking, etc.
from one to the other in order to code a pathway.

Hollie and Idil envisioned students connecting to their experiences
traveling between two places as a basis for deciding which path the Code
and Go Robot Mouse should take.

In fall 2019, Dallas and Hope planned for students at Moses Smith
Preschool to identify a favorite location, place a moveable token on a grid
to indicate the location, and navigate the Code and Go Robot Mouse to the
location (Figure 4). In the lesson plan, the pair identified a range of
mathematics concepts, including assigning “a number word to each square
on the grid as they count them and then demonstrate cardinality by
answering how many squares they counted or plan to move in total” and
understanding “a unit is a consistent measurement of distance that the
mouse moves.” They also emphasized the need for making sense of spatial
reasoning to plan a sequence for the robot mouse’s movement.

Figure 4 Dallas and Hope’s Lesson in Action.

» W /| | |
Note. Figure shows the moveable tokens the pair created (left) and ways
that they created obstacles to increase the challenge of navigating (right).

The pair described technology integration in their lesson through the use
of the Code and Go Robot Mouse and related the mathematics content to
coding: “The use of the programmable mouse engages children in coding.
This requires them to translate their understanding of the units and
patterns into a dictated code.”
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Finally, in describing community funds of knowledge that students could
leverage, Dallas and Hope imagined that using “landmarks found in the
community are meaningful to the children, which will prompt children to
make connections to real experiences.” They noted possibilities for making
similar community connections without the Code and Go Robot Mouse:
“The task of navigating between community landmarks is able to be
replicated without the mouse at home/school through drawing and
writing,” but they saw the novelty of a unique material not readily available
for students to use in mathematics instruction as a way of promoting
engagement.

Mathematics and Robotics

This section begins with a discussion of findings that showed how PTs
connected mathematics and robotics (RQ1) following the implementation
of their lessons. Both the Robot Mouse and the Dash Robot facilitated
engagement with mathematics concepts related to counting, distance, and
pattern recognition and sequencing (i.e., computational thinking). The
features of each digital technology, however, led to opportunities for
engaging with multiplicative reasoning through the Dash Robot activities
and for emphasizing trial and error through the Robot Mouse activities.

The Robot Mouse emphasized mathematics concepts related to counting,
as Dallas described: “Families and children alike would point to and count
the squares, then press the buttons on the [Robot Mouse] for the same
number of units, and then also count the movements of the mouse as it
traveled.” Both pairs also noted that coding the Robot Mouse (i.e.,
preprogramming by selecting the appropriate direction buttons on the top
of the mouse) engaged students with sequencing and persevering in
problem solving.

For example, Idil described how “students had trouble understanding that
the mouse turns on the same box instead of the next square,” which
facilitated, as Hollie explained, students working to “discover the correct
[sequence to navigate the] pathway through trial and error.” Likewise,
Hope described a memorable instance when “I knew what [a student] had
done wrong, but let him struggle so he could problem solve. This trial and
error led him to understand what he was doing wrong and he fixed it on
his own.”

Both groups who used the Dash Robot described a similar coding process,
requiring sequencing and perseverance, by creating block codes on an iPad
application to move Dash. For example, Brittany noted how she engaged
students by asking questions such as, “Was there another route you could
have taken that was just as efficient as your first route?” or “Why did you
choose to get the ice before the milk?”

The application on the iPad tablet, however, required students to input
distance beyond counting the number of squares, in addition to direction,
for the robot’s movements. PTs described how this technological feature
facilitated additional mathematical engagement. Accordingly, Brittany’s
questions for students included, “How many boxes until you get to that
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location?” The features of the digital technology also required her to ask,
“What do you notice about the measurements of the paper?”

In Adam, Claire, Peyton, and Whitney’s lesson, Dash needed to move
through a map that was built from 20 ¢cm blocks, and in the lesson plan,
PTs identified the primary mathematical goal as calculating the distance.
In reflections, however, PTs emphasized the multiplicative reasoning
necessary to calculate distance as the primary mathematical work of the
activity. As Peyton described, “Some students knew their multiplication
[facts and could] figure out how far to program the robot to go by counting
the blocks and multiplying by 20. Other students ... used the multiplication
chart or repetitive addition.”

Likewise, Brittany and Lily both emphasized that students easily counted
by tens when moving Dash on their 10 ¢cm grid. As Lily noted, “Once
students realized that each box was 10 centimeters, they started counting
by 10s to determine how far to make the robot move.”

Mathematics With Robotics and Funds of Knowledge

Next is a discussion of findings that showed how PTs leveraged cultural
and community funds of knowledge in mathematics instruction that used
robotics (RQ2). Groups emphasized different mathematics topics and
integrated different digital technologies, but all groups leveraged similar
community-based funds of knowledge, namely familiar community-based
locations. All PTs agreed with Hollie that students “were able to use their
knowledge of the community” to make sense of sequencing to travel
between locations in an authentic way, which is important “in order to
successfully connect students to the learning.”

PTs across groups also described how familiarity with community
locations supported students in reasoning about distance. For example,
Peyton described how students relied on familiarity with community
locations to place locations on the map that reflected authentic distances
as far or near:

When students drew their house or favorite place in their community, I
asked the students if their house or favorite place was close to the school
or far away from the school. The students then answered with time, blocks,
or miles. After answering how far their house or favorite place was from
the school, they would translate if that was close or far. This allowed the
students to use their knowledge of the community and distance to
determine if their house or favorite place would be considered close or far
from the school.

Other groups, namely Hollie and Idil and Dallas and Hope, also asked
students to place locations on the map, which created similar
opportunities for reasoning authentically about distance.

In addition to leveraging knowledge about distances, students had some
opportunity to draw on their funds of knowledge as they decided how to
navigate the grids. For example, Whitney described how one student made
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choices based on his daily routine and the activities he engaged with in
different locations:

[The student] started Dash at his house then moved Dash to
school. He then coded Dash to visit the Dozier Grill for an after-
school snack before heading back home for the evening. I thought
it was neat to see this student making personal connections to the
activity and getting excited about relating his daily routine to
multiplicative thinking with distances.

Brittany and Lily’s lesson gave students a unique way to draw on funds of
knowledge in deciding on how to navigate the grid. Although students did
not have direct experience as a truck driver picking up supplies from
regional distributors (or perhaps even awareness of Corner Market’s use
of regional distributors), they had to use their knowledge of perishable
food items to make decisions. As Lily noted, the task “set up the coding in
a puzzle-like format, where participants would have to critically evaluate
the way in which they want the robot to move, and then move and join the
puzzle pieces together.” They also needed to consider, however, that ice
might melt or milk might spoil during the trip.

The experience gave PTs an opportunity to see family members as home-
based resources for mathematics learning. PTs described how students
and family members collaboratively engaged in multiplicative reasoning,
counting, sequencing, and making sense of distance. PTs agreed with
Hope, who noted the importance of family members as resources:
“Altogether, we were able to code the mouse to move to its destination.”
For example, family members supported mathematics learning by
“prompting the kids to look at the [multiplication] chart ... or helping them
count by 20s” (Adam), listening as students reasoned aloud, “If I go this
way ... then this will happen.” (Idil), or “helping them count ... by pointing
and reminding the child” (Hope).

Adult family members also leveraged their own experiences traveling
between locations in the community to help students navigate the
pathways. For example, Dallas noted how “one child picked [a city three
hours away] and the family joked about it only being a few squares away.”
Idil described how parents “would help the students with the directions”
by reminding them of how they traveled between familiar locations in real
life.

Transdisciplinary Connections

Findings are elaborated in this section that showed how PTs leveraged
transdisciplinary connections, as other funds of knowledge, in
mathematics instruction that used robotics (RQ2). Across all lesson plans,
PTs implied connections to cross-curricular content, and their reflections
indicated that they valued opportunities for such connections.

For example, Whitney noted that mathematics and robotics integration “is
a great opportunity to engage students with cross-curricular learning with
vocabulary and literacy,” but efforts to successfully identify explicit
connections to disciplinary concepts outside of mathematics varied. All
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groups were able to identify relevant mathematics standards and practices
for their tasks, but in spring 2019 only Hollie and Idil explicitly identified
relevant science and English language arts concepts.

In fall 2019, both groups attempted to identify relevant disciplines outside
of mathematics, namely computer science (both groups) and English
language arts (Dallas and Hope), likely because we encouraged groups to
try to identify disciplines outside of mathematics in fall 2019, based on
preliminary analyses from spring 2019.

PTs struggled, however, to identify the most appropriate concepts outside
of mathematics for their tasks. Across all groups, PTs identified correctly
only two standards outside of mathematics for their lessons. Idil and
Hollie identified a relevant science standard: “Describe objects accurately
by drawing and/or labeling pictures.” This standard was appropriate
because they asked students to draw and label familiar community-based
locations (Tennessee Department of Education, 2016b, p. 20). Brittany
and Lily identified an applicable computer science standard for their Dash
Robot activity: “Use a block of code or script from a previous program,
identify the control structures in the algorithm such as loops, and/or
conditionals in the code” (Tennessee Department of Education, 2018b, p.
18).

Both pairs (Hollie and Idil; Dallas and Hope) who attempted to identify
English language arts connections struggled to do so. For instance, Hollie
and Idil focused on students’ “describing what would happen if the mouse
is programmed in a specific order and they will be identifying cause and
effect relationships by using ‘if this, then.” The third grade standards
related to cause and effect relationships, however, did not fit the ways in
which students engaged these ideas in the lesson.

Similarly, Dallas and Hope recognized that asking students to create “word
problems” that support “children to comprehend how the mathematical
tasks fit into the bigger picture” connected to literacy concepts, but they
did not name a specific standard. In both cases, Stumbo identified that the
most appropriate English language arts standard for the lessons was
“Describe people, places, things, and events with relevant details,
expressing ideas and feelings clearly” (Tennessee Department of
Education, 20164, p. 48).

Because all groups’ tasks involved coding a robot to navigate a map,
implied connections were made to both primary (grades K-2) and
intermediate grades (3-5) for geographic concepts in social studies and
robotics usage from the technology standards. For instance, Adam, Claire,
Peyton, and Whitney included an extension task in which students would
engage with the mathematical idea of scale and an actual map of the
community to place locations on the grid. PTs, however, did not explicitly
identify relevant social studies standards related to geographic concepts of
mapping. Based on their knowledge of elementary standards, Stumbo
identified relevant transdisciplinary connections across science, social
studies, computer science, and fine arts present in the lessons but not
named by PTs (Table 2).
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Table 2 Transdisciplinary Connections Present in Lesson Plans but Not
Identified by Prospective Teachers

Related Standards Spring 2019 Fall 2019

Dash Mouse Dash Mouse

Science (Tenn. Department of XX
Education, 2016b)

Compare and contrast solutions to a XX
design problem by using evidence to

point out strengths and weaknesses

of the design (p. 29).

Children form mental models of what
science is at a young age (p. 8).

Social Studies (Tenn. Department
of Education, 2017)

Determine the use of diverse types of XX XX
maps based on the purpose (p. 15).

Use personal directions such as: up, XX XX
down, near, far, left, right, in front of,
and behind (p. 24).

Computer Science (Tenn.
Department of Education, 2018b)

Collaboratively, students can build XX
independence and sophistication

using a simple design process to

illustrate a program's sequence and

outcomes (p. 15).

Use a block of code or script from a XX
previous program, identify the

control structures in the algorithm

such as loops, and/or conditionals in

the code (p. 18).

Fine Arts (Tenn. Department of
Education, 2018c¢)

Create art that represents natural and XX
constructed environments (p. 151).

Supporting Equitable Mathematics Engagement

Finally, this section describes findings that emerged from our analysis
related to access and inclusion in mathematics instruction that leverages

39



Contemporary Issues in Technology and Teacher Education, 21(1)

robotics, community funds of knowledge, and transdisciplinary
connections. PTs emphasized the role of both robotics and funds
knowledge in supporting inclusive mathematics engagement. Funds of
knowledge provided “opportunities for students to engage with learning
using their own experiences” (Whitney), which allowed for multiple entry
points, diverse solution paths, and perseverance in solving challenging
problems.

For example, Adam described creating multiple entry points by ensuring
familiar community connections: “If the students did not recognize any
places other than the school, we saw kids draw pictures of their house and
add it to our map.” Regarding perseverance, Hollie noted the importance
of making the task meaningful by including familiar locations, because
“many students who did not correctly program the mouse the first time
wanted to keep trying and learning.” They were personally invested.
Brittany also shared how this experience helped her realize that children
bring home-based experiences with digital technology that can be valuable
in mathematics learning;:

I went into this STEM Night thinking some students may not be
able to figure out how to work the Dash and tablet right away. I
was surprised to see how easily every child could work both of
these! Through this observation, I was able to learn about
students' experiences. I realized just how much technology they
engage with in their lives as they were all so comfortable with
using the tablet.

PTs also described how drawing on authentic understandings of distance
and relative locations of community places supported problem solving, as
previously described.

Similarly, PTs described the important role that technology played in
keeping students motivated (because “robots!”; Whitney) and allowing for
multiple entry points and solution paths. In terms of initial hook, Lily said,
“Since our task took up a large spot on the carpet, involved controlling
robots, and had a [local] Corner Market's sign in the center, our task was
quite popular since it was so engaging.” Brittany described how the
features of the digital technology allowed for multiple entry points:

Every student was able to get onto the tablet and make the Dash
move towards a location of their choosing, the floor task, while
some students were immediately able to begin coding and making
Dash move to the locations in an order that made the most sense.

Claire agreed that having “several applications on the iPad to move
[Dash]” allowed her to adapt the activity “if a student was struggling with
one of the apps.” Hollie also emphasized how the technology supported
increasing mathematical challenge: “Depending on how quickly students
seemed to understand the task, we [could] allow them to create more
difficult paths and add obstacles.”

Whitney described the experience as “eye-opening and exciting” because
it helped her realize the possibilities for accommodating diverse
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mathematics backgrounds in a single activity by leveraging both funds of
knowledge and technology. Adam described how robotics allowed for
diverse solution paths and mathematical engagement:

Some students were able to use mathematical concepts to explain, some
students were able to use directional concepts, and some students were
able to show you what to do by pointing/telling. It helped me to realize
that no matter the task, diverse learners can complete the task, but in their
own way.

Overall, PT responses indicated that mathematics lessons integrating both
robotics and funds of knowledge make mathematics learning more
accessible and engaging for students.

Discussion and Implications

Designing and enacting robotics tasks supported PTs to refine their
understanding of the mathematical work inherent in tasks; to recognize
community knowledge and family members as resources for mathematics
learning; and to use digital technology to differentiate mathematics
instruction. This study points to areas of promise and continued
refinement for creating a model for mathematics teacher education that
moves beyond equipping PTs only with knowledge of community or
technological resources. Instead, findings suggest that the STEM night
development, implementation, and reflection experience facilitated PTs’
use of such knowledge to put equitable mathematics teaching and learning
into practice, at least for those PTs who chose to use robotics.

Integrating both funds of knowledge and technology played a key role in
PTs’ development of equitable mathematics teaching. We identified
several themes in how PTs developed mathematics teaching that used
cultural, linguistic, and cognitive resources from home and community
settings to promote learning school mathematics with robotics:

1. The choice to integrate robotics supported more meaningful
connections to funds of knowledge.

2. Sense of place provided an accessible entry point for teaching
mathematics with funds of knowledge and technology.

3. Inclusion of other content areas helped strengthen connections.

Using Robotics to Support Meaningful Connections

Past research (e.g., Aguirre et al., 2012, Harper et al., 2018) has shown that
when PTs attempt to integrate funds of knowledge and children’s
mathematical thinking the resulting lessons tend to reflect only limited
attention to both. More specifically, these lessons typically include only
emergent connections — tasks that resemble traditional school-based
tasks, vaguely connected to the community and requiring only low
cognitive demand work (e.g., using procedures without meaning; Aguirre
etal., 2012).

We observed a similar prevalence of emergent connections across all
groups who developed lessons in 2018-19. The four groups who chose to
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leverage robotics, however, demonstrated more transitional connections
— “notable attempts to connect to both [children’s mathematical thinking
and community funds of knowledge] in more than superficial ways”
(Aguirre et al., 2012, p. 185) but still lacking consistent attention to both.
PTs attempted to elicit children’s experiences with traveling between
locations in the community or region to emphasize higher cognitive
demand work in parts of the task (e.g., sequencing; persevering in problem
solving; trial and error; and reasoning about relative distance) while
continuing to focus on procedures without connection to meaning or
community in other parts (e.g., using multiplication facts).

All PTs promoted at least intermediate levels of sequence learning for
students at the family STEM nights as they emphasized that “different sets
of instructions can produce the same outcome” (Rich et al., 2017, p. 187)
while at other times focusing exclusively on correct or incorrect answers
produced through counting or calculations. Although we acknowledge
several missed opportunities for more meaningful connections, the choice
to use robotics helped push PTs from emergent to transitional
connections.

Because school-based lessons rarely use robotics, PTs had no preexisting
model for using robotics in a mathematics lesson. Thus, PTs were
encouraged to design tasks more similar to those they learned about in the
methods course (i.e., open to multiple strategies and focused on reasoning
and problem solving), rather than tasks that resembled traditional school-
based tasks.

Mathematics teacher educators should encourage PTs to use innovative
tools not typically seen in classroom mathematics lessons when learning
to leverage funds of knowledge in mathematics. Robotics provides one
such example, but other such tools might include nondigital STEM
materials (e.g., STEM Magnets Set by Learning Resources;
https://www.learningresources.com/stem-magnets-activity-set)

or children’s literature, as we saw among other groups in 2018-19. Future
research might explore the impact of these types of tools on PTs’ capacity
to integrate funds of knowledge into mathematics lessons.

Teachers interested in leveraging robotics and funds of knowledge for
mathematics instruction can begin in low-risk spaces where the traditional
mathematics routine can be more easily disrupted. For example, several
PTs identified stations or workshops — common elementary school
routines, in which small groups of students rotate through self-guided
mathematics activities with the teacher leading one activity in the rotation
— as opportunities to use robotics in their school-based mathematics
instruction.

Using Sense of Place as an Entry Point

Research shows how high school and middle school students effectively
draw on the capital that sense of place, or place attachment and identity
that is contextually dependent, affords them as they engage in doing
mathematics with technology (robotics and game design — Leonard et al.,
2016; GIS — Rubel et al., 2017). “Spatial tools enable a locally focused
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curriculum, which addresses the need to contextualize mathematics in
relevant questions and representations, especially for low-income youth of
color” (Rubel et al., 2017, p. 649).

Using technology to explore place through mathematics shows promise,
but the digital technologies used in previous studies are inappropriate for
younger students, especially preschool and early elementary students. PTs
in this study noted a similar personal investment among preK-5 students
because of both the community connections and robotics. Although
research shows the accessibility and benefits of using robotics in early
childhood and elementary education (Sullivan & Bers, 2016; Xia & Zhong,
2008), little is known about how preK-5 children leverage community
connections in learning mathematics with robotics. Robotics may be able
to provide an accessible entry point for both elementary teachers and
students (based on observations noted in PTs’ reflections) to develop a
sense of place that contextualizes mathematics in relevant and meaningful
ways.

Future research and teacher education efforts might consider ways to
expand the use of robotics as a spatial tool in preK-5 mathematics.
Mathematics teacher educators and teachers interested in integrating
mathematics, robotics, and sense of place may find Adam, Claire, Peyton,
and Whitney, Hollie and Idil, and Dallas and Hope’s approaches especially
accessible. Asking students to identify familiar places and navigate robots
between community-based places provides a good starting point.

Brittany and Lily’s lesson, however, offers an example of how teachers
might continue to expand the ways we use robotics and mathematics to
develop students’ sense of place beyond what is already familiar (such as
regional distributors used by a local market). Future research might look
at the impact of focusing on mathematics and sense of place through
robotics on both teacher and student development.

Using Connections to Other Content Areas

One way of expanding the use of robotics as a spatial tool is to emphasize
and support connections to other content areas, where leveraging funds of
knowledge is more natural for teachers (Gonzélez et al., 2001). Given the
inherently interdisciplinary nature of spatial thinking (Rubel et al., 2017),
as evidenced by the implied cross-curricular connections identified here,
robotics may help facilitate more meaningful community connections.

Integrating STEAM problem-solving and content disciplines promotes
deeper student understanding, multiple ways to approach problems, and
increased teacher expertise to navigate multiple content areas (Quigley et
al.,, 2017). Thus, we recommend integrating STEAM problem-based
learning with other content areas to ensure more authentic connections.
Doing so may be especially important as mathematics teacher educators
and teachers strive to transition mathematics with robotics and funds of
knowledge from the margins of mathematics instruction to play a role in
primary mathematics lessons.
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Concluding Thoughts

Guiding PTs to design, plan for, and enact activities at the STEM night
required diverse stakeholders to collaborate, including university
researchers and teacher educators who supported PTs, principals and
teachers at rural and urban schools who planned and hosted the events,
community members who discussed mathematics practices with PTs, and
families and students who engaged with activities at the STEM night.
Future research and teacher education efforts might explore possibilities
for stronger collaboration among various stakeholders. Such
collaborations might increase opportunities for both PTs and teachers to
teach mathematics with robotics and funds of knowledge in traditional
classroom spaces. Despite the challenges that come with such an endeavor,
this study highlighted the power and possibilities that emerge when
various stakeholders collaborate for mathematics teacher education.
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Appendix A
Primary Codebook With Sample Excerpts

Mathematics = Mathematics content or practices students engage with through the activity
Subthemes Definition Sample Excerpt(s)
Counting Counting by one or “The parent was guiding the child’s finger to the

development of counting
principles (e.g., one-to-one
correspondence).

arrow and counting aloud the number of squares it
would take to move.”

Distance or

Calculating, measuring, or

“I asked the student if their house or favorite paces

Measurement  judging distance (i.e., how was close to the school or far away from the
far). school.”

“The students had to first realize that every box was
10 centimeters.”

Multiplication ~ Using multiplicative “One student knew that each square was worth 20
reasoning through repeated cm. Knowing he needed to travel 4 squares, he
addition, skip counting, created the problem 20 + 20 + 20 + 20 = 80 cm).”
multiplication facts, etc.

“They started counting by 10s to determine how far
to make the robot move.”

Patterns Noticing repeated reasoning “Students recognized the pattern that the mouse
in a sequence or action turned on the same square so they should have to

press forward twice or add another forward to move
to the other square.”

Practices Problem solving and other “I asked [students]to explain and extend their
mathematical practices thinking which encourage deeper thinking and
important to learning and required students to generate cohesive and
doing mathematics, regardless thoughtful responses using evidence.”
of specific content (e.g., trial
and error). “We would then allow them to create more difficult

paths and add obstacles or use the specific pathways
already created and let them discover the correct
pathway through trial and error.”

Sequencing Determining the order and “Whether it was us or the parents, someone would

direction in which actions
need to occur using
directional markers such as
up, down, left, right, etc.

ask the children, ‘Okay, what is the next step?’”

“The students were using a lot of “if I go this way...
then this will happen’ when talking to their families
or us about their pathway.”
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Funds of Using cultural, linguistic, and community resources, experiences, knowledge, etc.

Knowledge from home or community settings to promote math learning

Subthemes Definition Sample Excerpt(s)

Activity Using familiar activities and ~ “He then coded Dash to visit the Dozier Grill for an
experiences from home and after-school snack before heading back home for the
community settings (e.g., evening.”
shopping)

Family Family members engaging in  “I noticed a lot of the family members encouraged

Involvement math alongside students the students to pick a place in the community that
they liked.”

Location Using familiar locations from  “I would ask the students or family if they knew
community (e.g., school, about [Local] Corner Market and they always said
home, local business) yes!”

“I had a lot of discussions with families about the
locations from the community located on our maps
that they have visited or would like to visit.”

Technology Using digital technology, especially robotics, to promote math learning

Subthemes Definition Sample Excerpt(s)

Mouse Using the Code and Go Robot  “They connected this to the math concepts by
Mouse translating the unit movements into programming on

the mouse body.”

Dash Using the Dash Robot “They had to count by tens in order to know how
many centimeters to move the Dash and every
single one of them was able to.”

iPad Using the iPad application to ~ “There were several applications on the iPad to
control the Dash Robot move the robot, so if a student was struggling with

one of the apps, [ was able to provide them with an
app that was less advanced.”

Coding Creating series of commands  “There was a younger child who was learning how

that a robot can execute

to code the mouse in order to move in a straight line
to its destination.”

They were required to utilize an application on the
tablet to practice basic coding skills in order for
Dash to move from location to location.
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Access Making mathematics engaging and accessible for every student
Subthemes Definition Sample Excerpt(s)
Engagement Students are engaged and “Many students who did not correctly program the

motivated to do math

mouse the first time wanted to keep trying and
learning.”

“The students at STEM night loved coding Dash and
were so engaged with that aspect of the activity.”

Multiple entry
points

Students can access the task
in multiple ways

“I believe my strength was providing students with
varying entry points into the task that were
appropriately challenging for them. Every student
was able to get onto the tablet and make the Dash
move towards a location of their choosing.”

Multiple exit
paths

Students can use multiple
solutions strategies and/or
complete the task with
different solutions

“Some students were able to use mathematical
concepts to explain, some students were able to use
directional concepts, and some students were able to
show you what to do by pointing/telling. It helped
me to realize that no matter the task, diverse learners
can complete the task, but in their own way.”

Input

Students have opportunity to
modify or create alternative

activity or choose their own

approach

“I think that we did a good job at supporting and
scaffolding the activity for varying students. For
instance, we allowed students to create their own
pathway originally.”
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