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typical exchange as students worked with tutorial virtual manipulatives. Here, Brandon

and Bonnie are working with the tutorial virtual manipulative, adding fractions, to solve

1/10 + 1/2 (see Figure 35).

&9
90
91
92
93
94

95

Brandon
Bonnie
Brandon
Bonnie
Brandon
Bonnie

Brandon

One-tenth plus one-half.

So that's 2. That's 10.

That's 5.

Wait! It's 20.

No it's not. Look, 2 can go into 10.

Oh, ok. That's 10 and that's 5.

(VM feedback: try a different numerator)
Oh, this should be 1.

(VM feedback: correct)

In this example, Brandon and Bonnie’s discourse consisted of short statements

aimed at solving the given addition problem. Neither student supplied any reasoning for

their answers. Even when a mistake was made (typing 2/10 instead of 1/10), Brandon

simply corrected the error and moved on without commenting on why it was incorrect

(line 95). This short exchange illustrates the tendency for students, when working with

Figure 35. Brandon and Bonnie working with adding fractions, episode T3B.
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tutorial virtual manipulatives, to solve the problem presented to them, and then move on

to the next problem without providing explanations or justifications for what they are

doing or generalizing to other contexts.

Students’ discussions when using tutorial virtual manipulatives were marked with

declarations of boredom and complaints of how effort much was required of them. The

following excerpt from episode T3A of Aaron and Callie working with the Adding

Fractions virtual manipulative demonstrates this sentiment (see Figure 36).

131
132
133

134
135

00;13;32;11

Aaron
Callie
Aaron

Callie
Aaron

How many are we supposed to do? ...20. No, 30.

It says until teacher says it's time.

That's a bunch! Ok. Let's just quickly do this. (Clicks arrow
repeatedly to change denominator) ... This should make it
easier. This should make it easy because it's really six and this
one's five.

Six and five.

That's nice! So we already know the answer. Like, off the bat,
is 11. Eleven-thirtieths

(VM feedback: correct)

3() pieces

= + = Check

Now drag the colored regions into the sum circle and name the sum.

New Problem | Difficulty: ¢ Easter {~ Harder = Hardest

Figure 36. Aaron and Callie working with adding fractions, episode T3A.
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136  Aaron (Clicks ‘New Problem’) Whoa! We haven't dragged the circle
ones. Oh, that's cool. Wait, does it go on the... Ok. So one-
sixth plus one-fifth equals... Oh, we need to write...

(VM feedback: correct)
137  Aaron (Waiting for Callie to finish writing)...Next.

1.58 Callie So...

159  Aaron I'll start on this real quick. I don't really see the point of us

needing to talk through this 'cause it's kind of...simple.

As shown by this example, Aaron did not “see the point” of discussing these
problems with his partner (line 159). This attitude was evident in his desire to do the
problem on his own. This particular tutorial virtual manipulative gave frequent feedback
to students as it guided them through each step of the process. Therefore, most of the
students’ interactions occurred with the virtual manipulative itself, and not with each
other.

In summary, the results of this study identified three distinct partner dispositions:
fast-paced, minimal, and executive. These partner dispositions influenced how the
students’ collaborated with each other, but did not influence differences in students’
levels of generalization and justification.

The results of the study showed that the use of different virtual manipulative types
influenced the nature of students’ mathematical discourse. When working with combined
virtual manipulatives, students’ discussions reflected higher levels of generalization,
justification, and collaboration. This shows that the affordances of combined virtual

manipulatives typically encouraged and enhanced student interaction. When working

with tutorial virtual manipulatives, students’ discussions reflected lower levels of
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generalization, justification, and collaboration. This shows that the affordances of tutorial
virtual manipulatives typically constrained student interaction. Further analysis indicated
that collaboration took place consistently throughout all discussions, regardless of virtual
manipulative type. However, high levels of generalization and justification occurred less
frequently. Unsolicited high levels of justification occurred when using all virtual
manipulative types. However, unsolicited high levels of generalization did not occur
when using tutorial virtual manipulatives. Virtual manipulative type did not have a
statistically significant influence on the amount of mathematical discussion, but it did

have an influence on the quality of the discussion.
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CHAPTER V

DISCUSSION

The use of technology in current classrooms necessitates a reconsideration of how
to leverage technology, such as virtual manipulatives, to most effectively enhance student
learning and classroom discourse. This study focused on the influence of different virtual
manipulative types on the nature of students’ TMD. TMD is defined as discourse in
which students use technological representations (e.g., virtual manipulatives) to mediate
discussion while engaging in mathematical tasks (see Figure 2). Technology has the
potential to enhance and limit communication of mathematical ideas by enabling or
restricting access to multiple modalities of mathematical representations (e.g., numeric,
pictorial). The overall nature of students’ TMD is influenced by the affordances of the
technology tools in use, the quality of the mathematical tasks in which the students are
engaged, and the broader discourse environment and socio-mathematical norms present
in the classroom. The TMD framework provides a means for examining classroom
mathematical discourse in light of technology tools available in the classroom.

The purpose of this study was to (a) describe and categorize the nature of students’
mathematical discourse as they worked with various virtual manipulative types and (b) to
develop theory on the interactions among student-led discourse, virtual manipulatives,
and mathematical tasks. This discussion of the results has five sections. The first section
describes three distinct partner dispositions identified in this study. The second section
describes trends and patterns of variations in students’ mathematical discourse when

working with each virtual manipulative type. These patterns and trends are used to
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develop theory on how classroom discourse, technology tools, and mathematical tasks
influence TMD. The third section discusses this study’s implications for educators. The
last two sections identify limitations of the study and suggestions for future research,

respectively.

Partner Dispositions

Three distinct partner dispositions were identified in this study that reflect unique
characteristics impacting the overall quality of the discourse of each student pair. First,
Aaron and Abbie’s discussions were characterized by fast-paced and enthusiastic
comments. Although they eventually succeeded in completing the assigned tasks, this
student pair frequently diverged from the task at hand to talk about topics not related to
the assigned tasks. Second, Brandon and Bonnie’s discussions were characterized by
minimal conversation. They frequently disengaged from what the other was saying and
wanted to complete the assigned task as quickly as possible. Third, Colton and Callie’s
discussions were characterized by task-oriented and executive exchanges that resulted in
high levels of collaboration.

The diversity of dispositions identified in these student pairs reflects the
complexity of classroom mathematical discourse—even among partners. Many possible
explanations exist for the observed differences in these partner dispositions: differences
in individuals’ personalities, differences in how the students view themselves as learners
(Sinclair, 2005), how they view each other (Kotsopoulos, 2010), differences in students’

level of academic achievement (Iiskala et al., 2011), or differences in classroom socio-
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mathematical norms (Cobb et al., 1993). Any of these factors could have an impact on the
working disposition of a student pair. In theory, various partner dispositions (including
those identified in this study) are possible depending on the unique combination of
students’ characteristics. The presence of multiple partner dispositions during
mathematics instruction presents a challenge to teachers as they work to ensure that all

students develop understanding of mathematical concepts.

Influence of Virtual Manipulative Types

One overarching research question with four subquestions guided this study. The
main research question was: In what ways do different virtual manipulative types
influence the nature of students’ mathematical discourse? Specific dimensions of
discourse—generalization, justification, collaboration, and gestures—were identified by
the subquestions. The following sections address the influence of three virtual

manipulative types—combined, pictorial, and tutorial—on each dimension of discourse.

Influence of Combined Virtual Manipulatives

Overall, when working with the combined virtual manipulative type, students’
discussions reflected statistically significant higher levels of generalization, justification,
and collaboration than when working with the other virtual manipulative types. In
addition, the students’ physical gestures when using the combined virtual manipulative
type reflected a balance between beat (i.e., emphasis) and deictic (i.e., pointing). This
indicated that affordances of the combined virtual manipulative type enhanced students’

mathematical discourse. It has been suggested that the simultaneous linking of
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representations, as present in the combined virtual manipulative type, supports students in
connecting ideas and generalizing concepts (Moyer-Packenham & Westenskow, 2013).
For example, when students observe multiple representations of equivalent fractions
change in conjunction with each other (e.g., pictorial image, number line model, and
numeric symbols) and all representing the same concept, they make comparisons and see
patterns more readily.

The multiple representations of mathematics concepts also provide more tools for
students to use when justifying and explaining their thinking. For example, while
justifying his or her solution for finding the volume of a rectangular prism, a student may
point to and comment on the pictorial and numeric representations on a computer screen.
With respect to developing theory, the findings of this study indicate that the multiple
representations displayed by the virtual manipulatives enabled the students to generalize
and justify mathematics concepts effectively in their communications. This is especially
evident as levels of justification in students’ discussions increased from the beginning to
the end of each episode when using combined virtual manipulatives. The linked
representations quickly enabled students to justify their solutions in an effective manner.
This pattern is similar to findings of Ares and colleagues (2008) who noted that collective
representations encouraged students to interact with each other and comment on each

other’s solutions.

Influence of Pictorial Virtual Manipulatives
Overall, when working with the pictorial virtual manipulative type, students’

discussions reflected slightly greater quantities of discourse than when working with the
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other virtual manipulative types. Students also displayed the highest frequency of
gestures (physical and computer based) when working with this virtual manipulative
type. This indicated that there was a greater need for the students to communicate the
meaning of the representations with each other. The meaning of the representation was
not as explicit as with the combined virtual manipulatives. Therefore, the students had to
assume responsibility for making connections for themselves. Sometimes, students were
successful in making these connections. At other times, they struggled to communicate
the mathematical meaning of the manipulative.

Another possible theory for this pattern is that the pictorial virtual manipulative
type offered more opportunities for creative variation in how students could interpret the
mathematical representations (Moyer-Packenham & Westenskow, 2013). For example,
when working with the Base 10 Blocks virtual manipulative, students demonstrated
multiple methods for dividing 6.4 into four equal groups. One student pair broke each
whole (10 by 10 block) into 10 pieces, and then equally distributed the 64 tenths into four
groups. Another student pair first positioned one whole in each corner of the workspace,
broke the remaining two wholes into tenths, and then equally distributed the remaining 24
tenths. Both student pairs correctly arrived at the same answer of 1.6. Typically, when
engaging in discourse, students’ levels of generalization and justification were not as high
with the pictorial virtual manipulative type as with the combined virtual manipulative
type. The quartile analysis revealed that students’ discussions focused on describing their
actions with the virtual manipulatives, and that they rarely commented on why they had

chosen a certain method or why that method led to a correct answer. However, levels of
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generalization in students’ discussions tended to increase toward the end of the episodes.
This indicates that a certain amount of time may be required for students to start to make
high-level generalizations when working with pictorial virtual manipulatives. Although
the pictorial virtual manipulatives elicited slightly more discussion, the discussion

reflected mostly middle to lower levels of discourse.

Influence of Tutorial Virtual Manipulatives

Overall, when working with the tutorial virtual manipulative type, students’
discussions reflected the lowest levels of generalization, justification, and collaboration
than when working with the other virtual manipulative types. Students also displayed the
lowest frequency of gestures (physical and computer based) when working with the
tutorial virtual manipulative type. This indicated that features in the tutorial virtual
manipulatives discouraged students’ mathematical discourse. Tutorial virtual
manipulatives are characterized by structured environments that guide students step-by-
step toward an understanding of mathematical processes and/or concepts. Oftentimes,
they include multiple linked representations of mathematics concepts, and students
receive audio or written feedback on their responses throughout their work. As discussed
previously, other studies point toward the effectiveness of multiple linked representations
in instruction. Prior research shows that the direct feedback provided by tutorial virtual
manipulative types is valuable and effective in helping students to learn (Reimer &
Moyer, 2005; Steen et al., 2006; Suh & Moyer, 2007). But in these prior studies, the
students worked individually and did not work with a partner, so there was no need for

discussion.
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Despite the positive affordances of tutorial virtual manipulatives when students
work alone (i.e., simultaneous linking of representations, direct feedback), the student
pairs’ discussions in this study reflected lower levels of discourse when using tutorial
virtual manipulatives. This pattern remained constant throughout the course of each
episode. One possible theory is that the students assumed a more passive role because the
tutorial was guiding them through the mathematical processes. Due to the extremely
structured nature of the tutorials, students did not feel the need to generalize or justify
their answers with each other—nor did they tend to collaborate and build on each other’s
ideas as much as when working with other virtual manipulative types. Instead, their focus
was on responding to the tutorials’ direct feedback. Interaction with their partner was
secondary to their interaction with the tutorial virtual manipulative. Another possible
theory is that the tasks presented by the tutorial virtual manipulatives were not as
cognitively demanding as the tasks presented with the other virtual manipulative types
(Smith & Stein, 1998). In each tutorial, students were guided through the steps of how to
solve the problems. The tasks required little to no need for problem solving—as
illustrated by Aaron’s comment, “I don't really see the point of us needing to talk through
this 'cause it's kind of...simple” (episode T3A, line 159). This means that, theoretically,
the type of mathematical task posed by each virtual manipulative may be more influential

than the affordances it offers when students work in pairs.

Implications for Educators

A major goal of educational research is to inform classroom practice. Patterns and
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trends emerging from the results of this study indicate that different virtual manipulative
types may be best suited for different stages of learning and instruction or for different
instructional arrangements (e.g., partners versus individual learners). Therefore, if further
research on TMD continues to find similar patterns and trends, generalizing to multiple
populations, educators may use this information in the planning of curriculum and
instruction.

Findings from this study suggest that pictorial virtual manipulatives may be more
useful as students are starting to develop their understanding of a mathematics concept.
This virtual manipulative type offers more flexibility than the other virtual manipulative
types and lends itself to an open exploration of mathematical ideas. The lack of
simultaneous linking of representations makes it necessary for the teacher to support and
scaffold students’ learning experiences in such a way to highlight important concepts—
an instructional technique appropriate to the early stages of a learning cycle (Hendrickson
etal., 2010).

Likewise, findings from this study suggest that combined virtual manipulatives
may be best suited for when students are in the process of solidifying and making
connections between mathematics concepts and representations, particularly if they are
working together in pairs. In this study, students’ discussions when using this virtual
manipulative type typically reflected higher levels of generalization, justification, and
collaboration. Through such robust discussion, students are more likely to learn
mathematics in a meaningful way (Imm & Stylianou, 2012; Mueller, 2009; Piccolo et al.,

2008; Stard, 2007). This virtual manipulative type has the affordance of simultaneous
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linking of representations, which explicitly supports students in making connections
among mathematical representations. This linking of representations is critical as students
engage in mathematics and as they solidify their understanding (Cobb, Gravemeijer,
Yackel, McClain, & Whitenack, 1997; Hendrickson et al., 2010).

Lastly, findings from this study suggest that tutorial virtual manipulatives are
most advantageous for the practice of concepts and skills. Tutorials are designed to walk
a student through a concept at his or her own pace. In this study, students’ discussions
when using this virtual manipulative type typically reflected lower levels of
generalization, justification, and collaboration. Although the structured nature of the
tutorial virtual manipulative type effectively guided the students through the
mathematical concepts, it did not encourage discussion between students. Therefore, if a
teacher’s goal is to engage students in mathematical discourse, tutorial virtual
manipulative types may not be an effective instructional strategy; they would be more

effective for individualized instruction or practice.

Limitations

As with all studies, there were limitations that affect the generalizability of these
results. The two main limitations were sample characteristics and the broader classroom
environment.

This study was designed as an exploratory study of the nature of students’ TMD.
At the time of this study, the construct of TMD was beginning to emerge and research on

it was in initial stages. Therefore, the purpose of this research was to identify and
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characterize the construct (Lesh & Lovitts, 2000). The sample size was small and limited
to six fifth-grade students. With so few participating students, the variations in students’
characteristics can have a profound effect on comparison results. These students were
accustomed to working with technology on a regular basis. In addition, the participating
students were all from the same school that served a white middle-class population with
limited diversity. It is possible that findings may differ with other populations such as
students of different ages, ethnic groups, or socio-economic status. Other factors that may
have influenced the results of this study include students’ achievement, students’
familiarity with the virtual manipulatives, and students’ perceptions of the virtual
manipulative types. However, these factors were beyond the scope of this study.

The broader classroom environment may also have been a contributing factor in
the results of this study. Because the student pairs came from three different classrooms,
it is possible that differences in classroom culture related to the sharing of ideas may have
influenced how students interacted with each other in partner situations. The role of the

teacher in influencing the nature of classroom discourse was not addressed in this study.

Suggestions for Future Research

In this study, TMD was examined in relation to variations in technology tools.
Figure 37 identifies elements of the TMD Framework that were the focus of this study.
The study focused on an in-depth analysis of students classroom discourse (i.e.,
generalization, justification, collaboration, and gestures) as influenced by different virtual

manipulative types (i.e., combined, pictorial, and tutorial). In this study there was a
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Variations in virtual
manipulative types

P I— p ! typ

e Combined

e Pictorial

TECHNO- ; e Tutorial
MATHEMATICAL

DISCOURSE

Analysis of dimensions
of discourse

e Generalization

o Justification

e Collaboration

e Gestures

Limited focus
in this study

Figure 37. Elements of TMD examined in the current study.

limited focus on the influence of variations of the mathematical tasks in which students
engaged.

The present study represents one possible variation of study related to TMD.
Other variations need further investigation. For example, future research could focus on
other factors related to technology tools, such as students’ familiarity with the technology
tools, students’ perceptions of the technology, or differences in platform (e.g., mouse-
controlled versus touch-screen devices). This study did not focus on factors of the
broader classroom environment related to classroom discourse. Future research could be
conducted on these factors, such as the role of the teacher or varying levels of student
achievement. This study examined students’ discussions during division, geometry, and
fractions units. Future research could examine the influence of variations in mathematical
tasks, such as procedural versus conceptual tasks, specific mathematical domains (e.g.,
fractions, integers, or place value), or lesson formats (e.g., inquiry- versus direct-
instruction). Investigation of these factors was beyond the scope of this study. However,

their examination could deepen understanding of how students interact with each other
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when engaging in mathematical tasks through the use of technology.

This was an exploratory study, designed to identify the characteristics of TMD. In
order to progress the development of the TMD Framework, more investigations are
needed to determine its generalizability and robustness. Similar studies with more diverse
populations and larger sample sizes could help to determine if the results of this study
were unique to these students or if interactions with these virtual manipulative types are
common in the larger population. The comparison of students’ discourse with and

without technology could also aid in refining the TMD Framework.

Conclusion

This study represents an intersection of two aspects of instruction: the nature of
mathematical discourse and the use of virtual manipulatives in the classroom. Extensive
research on the former aspect, discourse, reveals that the creation of meaningful discourse
in mathematics classrooms is a complex and delicate activity (Walshaw & Anthony,
2008). Yet, few studies have examined the impact of technology on classroom discourse
practices. The purpose of the present study was to describe, categorize, and interpret
students’ discussions as they worked with different virtual manipulative types. This study
was built on the premise (a) that mathematics learning occurs when students
communicate ideas and discuss mathematics concepts one with another, (b) that virtual
manipulatives offer unique affordances that support students’ learning of mathematics,
and (c) that meaningful discourse takes place when students engage in cognitively

demanding tasks.
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The results of this study indicated statistically significant differences in levels of
student discourse when using different virtual manipulative types. When working with
the combined virtual manipulative type, students’ discourse reflected considerably higher
frequencies of physical and computer-based gestures, and statistically significant higher
levels of generalization, justification, and collaboration. When working with the tutorial
virtual manipulative type, students’ discussions reflected consistently lower frequencies
of gestures and lower levels of discourse. When working with the pictorial virtual
manipulative type, students’ discussions reflected lower levels of discourse as well.
However, pictorial virtual manipulatives were associated with the largest amount of
discussion among student pairs and the highest quantity of gesture use. One explanation
of these variations is that unique affordances of each virtual manipulative type had a
direct influence on how students discussed and communicated their mathematical ideas.
Most notably, the simultaneous linking of representations present in the combined virtual
manipulatives seemed to support students’ ability to generalize concepts and justify
solutions. However, even though the tutorial virtual manipulative type linked
representations simultaneously, its structured manner of presenting learning activities
actually discouraged student-student interactions.

The results of this study suggest that in order to encourage meaningful TMD,
teachers should choose technology tools (e.g., virtual manipulatives) that combine
multiple representations and provide the opportunity to engage in cognitively demanding
tasks. Tutorial technology tools have been shown to be effective learning instruments.

However, the results of this study indicate that tutorial virtual manipulatives did not
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encourage meaningful mathematical discourse with these student pairs. This means that
the tutorial virtual manipulative type may be better suited for the practice of mathematics
concepts or for individual learning.

The patterns and trends identified in this study contribute to the existing literature
on the complex issues that surround mathematical discourse and the use of technology in
the classroom. While this exploratory study aimed to develop the construct of TMD by
examining the interactions among partner discourse, virtual manipulatives, and
mathematical tasks, further studies with broader, more diverse populations will contribute

to its generalizability.
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Institutional Review Board
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OFFICE OF RESEARCH AND GRADUATE STUDIES

Letter of Approval
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Melanie Domenech Rodriguez, IRB Chair o S S
True M. Rubal, IRB Administrator C O Y
Frsg . r“'\»(v(
To: Patricia Moyer-Packenham, Katie Anderson
Date: August 12, 2013
Protocol #: 5246
Examining The Impact Of Different Virtual Manipulative Types On The Nature Of Students’ Small-
Title: Group Discussions: An Exploratory Mixed Methods Case Study Of Techno-Mathematical
Discourse
Risk: Minimal risk

Your proposal has been reviewed by the Institutional Review Board and is approved under expedite procedure #6
(based on the Department of Health and Human Services (DHHS) regulations for the protection of human research
subjects, 45 CFR Part 46, as amended to include provisions of the Federal Policy for the Protection of Human
Subjects, November 9, 1998):

Collection of data from voice, video, digital, or image recordings made for research purposes.

This approval applies only to the proposal currently on file for the period of one year. If your study extends beyond
this approval period, you must contact this office to request an annual review of this research. Any change affecting
human subjects must be approved by the Board prior to implementation. Injuries or any unanticipated problems
involving risk to subjects or to others must be reported immediately to the Chair of the Institutional Review Board.

Prior to involving human subjects, properly executed informed consent must be obtained from each subject or from
an authorized representative, and documentation of informed consent must be kept on file for at least three years
after the project ends. Each subject must be furnished with a copy of the informed consent document for their
personal records.
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Table B1

Order of Virtual Manipulatives Used in Study

Cycle 1 Cycle 2 Cycle 3
Order  Division Geometry Fractions
First Combined Pictorial Combined
Rectangle division Shape sorter Equivalent fractions
Second Pictorial Tutorial Pictorial
Base 10 blocks Coordinate geometry math Fraction pieces
Interactive
Third Tutorial Combined Tutorial
Dividing decimals Cubes Fractions — adding
Table B2

Combined Virtual Manipulatives Used in Study

Name URL Domain CCSSM

Rectangle http:/nlvm.usu.edu/en/nav/frames _asid 193 g 2 t 1.html?fro Division 5.NBT.6
division m=category g 2 t 1.html

Cubes http://illuminations.nctm.org/Activity.aspx?id=4095 Geometry  5.MD.5b
Equivalent  http://illuminations.nctm.org/ActivityDetail.aspx?ID=80 Fractions  5.NF.1
fractions
Table B3

Pictorial Virtual Manipulatives Used in Study

Name URL Domain CCSSM

Base 10 blocks  http://www.glencoe.com/sites/common_assets/mathema  Division 5NBT.7
tics/ebook assets/vmf/VMF-Interface.html

Shape sorter http://illuminations.nctm.org/ActivityDetail.aspx?ID=34  Geometry 5.G34

Fraction pieces  http://nlvm.usu.edu/en/nav/frames_asid 274 g 2 t 1.ht Fractions S5.NF
ml




Table B4

Tutorial Virtual Manipulatives Used in Study
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Name URL Domain CCSSM
Dividing decimals http://www.glencoe.com/sites/common_assets/mathe ~ Division 5.NBT.7
matics/iml/concepts_in_motion/interactive_labs/M1_

05/M1_05_dev_100.html
Coordinate geometry  http://edcar- Geometry  5.G.1
math interactive cdn.pbs.org/u/pr/KAET/Coordinate%20Geometry%2
0Math%?20Interactive f1a70291-8992-4aae-8c53-
879a879dcda3/interface.swf
Fractions — adding http://nlvm.usu.edu/en/nav/frames_asid 106 g 2 t 1  Fractions 5.NF.1,2

html?from=topic t 1.html
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Classroom Demographic Questionnaire
Technology Use in the Classroom

Teacher: Number of Years Taught:

Number of Students (2013-14):

Part I: Please respond to the following questions.

1. Approximately what percentage of mathematics instructional time do your students
spend:

a. Listening to lecture/teacher demonstrations and taking notes? %
b. Working collectively as a whole class %
c. Working in small groups? %
d. Working individually and independently? %

(total 100%)

Part 11: Please circle your best response for each guestion.

2. How often do your students use computers for instructional activities?
Every day A few days a week Once a week Once a month
3. How often do your students use computers for mathematics activities?
Every day A few days a week Once a week Once a month
4. When engaged in mathematics activities, how often do your students:
a. use the computer to work with virtual manipulatives?
Every day A few days a week Once a week Once a month
b. use the computer for fluency practice (drill activities)?
Every day A few days a week Once a week Once a month
c. use the computer for assessment purposes?

Every day A few days a week Once a week Once a month
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Appendix D

Lesson Observation Protocol



Lesson Observation Protocol
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Date: VM type:
Grade: Teacher:
Student 1: Student 2:
. Teacher .
Exploration Gestures Used | Interactions & Affective Other
Segment : Factors
Expectations
Part A

Part B
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Equivalent Fractions

Subject/Strand/Topic Grade(s) Common Core Expectations
Fractions 5" 5.NF.1

Key Concepts

The numerators and denominators of equivalent fractions are proportional to each other.
Multiplying the numerator and the denominator of any fraction by the same number will result
in an equivalent fraction. Equivalent fractions occupy the same location on a humber line.

Virtual Manipulative
Equivalent Fractions (combined) http://illuminations.nctm.org/Activity.aspx?id=3510

Materials
Student Task Sheet, Pencils, 1 computer per 2 students

Introduction (10 min)
1. Introduce topic
a. Activate prior knowledge by having students identify fractions from picture models
(square and circle)
b. Define numerator (top: how many pieces you have) and denominator (bottom:
how many equal-sized pieces are in the whole).
c. How do you know if two fractions are equivalent? Invite a few student
responses (full understanding not required at this time).
2. Introduce virtual manipulative.
a. Provide a brief instruction on features/aspects of the virtual manipulative.
i. Goal: create a blue and a green fraction equivalent to the red fraction.
ii. Square/Circle: switches between different models.
iii. Sliders: change the denominator, change the numerator—can also click on
the sections to select them.
iv. Checkmark: if fractions are correct, they will be added to the chart to the
right. If they are incorrect, students should fix the error.
v. Automatic/Build Your Own:
3. Briefly go over the structure of the task sheet. Part A orients the students to the
features of the virtual manipulative. Part B guides them through an exploration of the
mathematical concepts, and contains partner discussion questions.

Exploration (20-30 min)
1. Students will work in pairs—each pair at one computer.
2. Instruct students to open Safari and go to the TMD Study website and navigate to the
Equivalent Fractions: llluminations link.
3. Students should spend about 10 minutes on Part A and 10-20 minutes on Part B.
4. Circulate around the room encouraging students to talk with their partners about the
mathematics. Remind students of time constraints and encourage them to finish.

Conclusion (20 min)

1. Have a whole-class discussion/sharing of answers on task sheet & what they learned.
Discuss relationships in sets of equivalent fractions. Use questions such as the
following to guide the discussion.

a. How do you know if two fractions are equivalent?
b. How can you make equivalent fractions?
c. Isthere alimitto the number of equivalent fractions for any fraction?

2. Check for understanding: Write a fraction on the board. Have students identify new
equivalent fractions.
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Sample Student Task Sheet
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Equivalent Fractions

Name: Date:

Teacher:

Link:

http://illuminations.nctm.org/Activity.aspx?id=3510

Instructions: Complete the task sheet as you work with the virtual manipulative.
Remember to talk with your partner about what you observe happening on the
virtual manipulative.

| Part A

1. Select Build Your Own. Select Circle.
a. Set the denominator of the red circle to 2. Highlight 1 red section. What
fraction does this represent? Where is it on the number line? Talk to your
partner and record your answer.

b. Setthe denominator of the blue circle to 10. Highlight enough blue
sections to represent the same amount as the red fraction. What fraction
does this represent? Where is it on the number line? Talk to your partner
and record your answer.

c. Set the denominator of the green circle to 6. Highlight enough green
sections to represent the same amount as the red fraction. What fraction
does this represent? Where is it on the number line? Talk to your partner
and record your answer.

d. Click on the checkmark. What happened?

e. Draw and label the models of each fraction and locate each fraction on the
number line below.
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| Part B

2. Click Reset Table. Select Automatic. Find equivalent blue and green
fractions for 3 different red fractions. Be sure to check your answers each
time. Talk to your partner and record your sets of fractions. (Hint: click New
Fraction to get a new red fraction)

Blue Fraction Red Fraction Green Fraction

a. Choose one set of equivalent fractions to draw and label.

b. How are the numerators and denominators related to each other in each
set of equivalent fractions? Talk to your partner and record your answer.

3. Click Reset Table. Select Build Your Own. Use the virtual manipulative to
find 2 equivalent fractions for each of the following fractions. Talk to your
partner and record your answers.

a. 3_
4

=
win
I

o
~io
I

4. If you have extra time, experiment with the Square fraction models.
Remember to talk to your partner as you experiment!
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courses based on course evaluation feedback, creating assessments using online course
management system (Canvas), and supervising students during practicum placements.

Graduate Research Assistant (2009-10, 2011-present).

School of Teacher Education and Leadership.

College of Education and Human Services, Utah State University, Logan , UT.
Responsibilities included providing research assistance for Dr. Patricia Moyer-Packenham
(Mathematics Education) and Dr. Dicky Ng (Mathematics Education) in various research projects.

PUBLIC SCHOOL TEACHING EXPERIENCE - 11 YEARS

Elementary School Teacher, Grade 6, All subjects (2010-11)
Alpine School District, Highland, Utah.

District Math Specialist, Grades 5-6 (2007-09)

Alpine School District, American Fork, Utah.

Designed, organized, and taught professional development for grades 5-6 teachers. Coached and
provided model mathematics lessons in select classrooms.

Elementary School Teacher, Grades 3, 4 & 6. All subjects (2000-07).
Alpine School District, Orem, Utah.
AWARDS & PROFESSIONAL RECOGNITION

Graduate Research Assistant of the Year (2013) Department of Teacher Education and
Leadership, Utah State University, Logan, Utah

Presidential Award for Excellence in Utah State Office of Education

Mathematics and Science Teaching FINALIST

(2007)

Best of Alpine: In Recognition of Outstanding ~ Alpine School District, American Fork, Utah
Service (2007)

Teacher of the Year (2006) Sharon Elementary, Alpine School District,

Orem, Utah

RESEARCH

RESEARCH INTERESTS

Virtual manipulatives in the mathematics classroom
Mathematics classroom discourse
Mathematics teacher development

PUBLICATIONS

Journal Articles (Refereed)
Anderson-Pence, K. L., Moyer-Packenham, P. S., Westenskow, A., Shumway, J., & Jordan, K. (in
press). Visualizing mathematics: Relationships between visual static models and students’
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written solutions on fractions. International Journal for Mathematics Teaching and
Learning.

Anderson-Pence, K. L., (2013) Ethnomathematics: the Role of Culture in the Teaching and
Learning of Mathematics. Utah Mathematics Teacher, 6, 52-61.

Moyer-Packenham, P., Baker, J., Westenskow, A., Anderson, K., Shumway, J., Rodzon, K., &
Jordan, K., The Virtual Manipulatives Research Group at Utah State University. (2013).
A study comparing virtual manipulatives with other instructional treatments in third- and
fourth-grade classrooms. Journal of Education, 193(2), 25-39.

Anderson, K. L. (2012). Pattern-block frenzy. Teaching Children Mathematics, 19(2), 116-121.

Moyer-Packenham, P. S., Ulmer, L. A. & Anderson, K. L. (2012) Examining pictorial models and
virtual manipulatives for third-grade fraction instruction. Journal of Interactive Online
Learning. 11(3), 103-120.

Conference Proceedings (Refereed)

Moyer-Packenham, P. S., Shumway, J. F., Bullock, E., Tucker, S. I., Anderson-Pence, K.,
Westenskow, A., Boyer-Thurgood, J., Maahs-Fladung, C., Symanzik, J., Mahamane, S.,
MacDonald, B., & Jordan, K., The Virtual Manipulatives Research Group at Utah State
University. (2014, April). Young children's learning performance and efficiency when
using virtual manipulative mathematics iPad apps. Paper presented at the annual National
Council of Teachers of Mathematics Research Conference (NCTM), New Orleans,
Louisiana.

Anderson-Pence, K. L., & Moyer-Packenham P. S. (2014, January). Techno-mathematical
discourse. Proceedings of the 12" annual Hawaii International Conference on Education
(HICE), (pp. 1466-1483), Honolulu, Hawaii, ISSN# 1541-5880.

Boyer-Thurgood, J., Moyer-Packenham, P., Tucker, S., Anderson, K. L., Shumway, J.,
Westenskow, A., & Bullock, E. (2014, January). Kindergarteners’ Strategy Development
During Combining Tasks on the iPad. Proceedings of the 12" Annual Hawaii
International Conference on Education (HICE), (pp. 1113-1114), Honolulu, Hawaii,
ISSN# 1541-5880.

Moyer-Packenham. P. S., Anderson, K. L., Shumway, J. F., Tucker, S., Westenskow, A., Boyer-
Thurgood, J., & Bullock, E., Mahamane, S., Baker, J., Gulkilik, H., Maahs-Fladung, C.,
Symanzik, J., & Jordan, K., The Virtual Manipulatives Research Group at Utah State
University. (2014, January). Developing research tools for young children's interactions
with mathematics apps on the iPad. Proceedings of the 12" Annual Hawaii International
Conference on Education (HICE), (pp. 1685-1694), Honolulu, Hawaii, ISSN# 1541-5880.

Tucker, S. I., Moyer-Packenham, P. S., Boyer-Thurgood, J. M., Anderson, K. L., Shumway, J. F.,
Westenskow, A., & Bullock, E., The Virtual Manipulatives Research Group at Utah State
University. (2014, January). Literature supporting investigations of the nexus of
mathematics, strategy, and technology in children's interactions with iPad-based virtual
manipulatives. Proceedings of the 12" annual Hawaii International Conference on
Education (HICE), (pp. 2338-2346), Honolulu, Hawaii, ISSN# 1541-5880.

Ng, D., & Anderson, K. L. (2011). Cognitive empathy and mathematics teaching, In B. Ubuz (Ed.)
Proceedings of the 35" annual conference of the International Group for the Psychology
of Mathematics Education (PME) (Vol. 3 pp. 273-280). Ankara, Turkey: PME.
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Articles Submitted

Moyer-Packenham, P. S., Baker, J., Westenskow, A., Anderson, K. L., Shumway, J., Rodzon, K.,
Ng, D., & Jordan, K. (under review 2013). Virtual manipulatives versus classroom
instruction: Hidden predictors of achievement.

Westenskow, A., Moyer-Packenham, P. S., Anderson-Pence, K. L., Shumway, J., & Jordan, K.
(under review 2013). Cute drawings? The disconnect between students’ pictorial
representations and their mathematics responses to fraction questions.

Avrticles in Progress
Anderson-Pence, K. L. Classroom action research as a catalyst for change in mathematics
instruction: A teacher’s perception (working title).

Anderson-Pence, K. L. Techno-mathematical discourse: A framework for examining technology-
driven discussions in mathematics classrooms (working title).

Brown, A. & Anderson-Pence, K. L. Elementary pre-service teachers’ perceptions of a distance
mathematics methods course (working title).

Monroe, E. E., Bahr, D., Wentworth, N., & Anderson-Pence, K. L. Action research projects in
elementary mathematics professional development: Teachers implementing instructional
change (working title).

Shumway, J., Westenskow, A., Moyer-Packenham, P. S., Anderson-Pence, K. L., Tucker, S., &
Boyer-Thurgood, J. Comparing students’ errors: The relationship between different
representational modalities and students’ fractional understanding (working title).

RESEARCH ACTIVITIES

Captivated! Young Children’s Learning Interactions with iPad Mathematics Apps. (2013—present).
Obtained IRB approval for the project; pilot tested iPad-based interview protocols; conducted
iPad-based interviews with participants; observed interviews; documented methods history in
preparation for the writing of forthcoming papers; collected and coded data using qualitative video
coding software. Project has resulted in multiple paper presentations at the Hawaii International
Conference on Education (2014). Utah State University (with Dr. Patricia Moyer-Packenham and
Dr. Cathy Maahs-Fladung).

Pictorial Models and Virtual Manipulatives for Fraction Instruction (2011-2012). Conducted
library and document searches for a literature review on virtual and pictorial representations of
fraction concepts used by students of different ability levels. Project resulted in paper accepted to
Journal of Interactive Online Learning. Utah State University (with Dr. Patricia Moyer-
Packenham).

Distance Education Delivery Methods Project (2010—present). Analyzed student response data.
Project resulted in a presentation at the AMTE Annual Conference (2010) and a paper submitted
for publication. Utah State University (with Dr. Amy Brown).

Grades 3-4 Fractions and Virtual Manipulatives Mathematics Project (2009—present). Taught
third- and fourth-grade mathematics fraction units; collected, coded, and analyzed data. Conducted
library and document searches for a literature review on the use of technology in mathematics
instruction. Project has resulted in multiple papers (in progress) and presentations at the NCTM
Research Presession (2013), AERA Conference (2013), and the SSMA Conference (2011). Utah
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State University (with Dr. Patricia Moyer-Packenham and Dr. Kerry Jordan).

Utah Elementary Mathematics Endorsement Project (2006—present). Taught in-service lessons,
coded, and analyzed participants’ final projects, conducted, transcribed, coded, and analyzed
interviews of teachers on their experiences with conducting action research in their classrooms.
Project has resulted in multiple papers (in progress). Brigham Young University (with Dr. Eula
Monroe, Dr. Damon Bahr, and Dr. Nancy Wentworth).

Quadrilaterals Study (2010-2011). Taught fifth-grade mathematics lessons on quadrilaterals,
recorded and analyzed video data on classroom interactions and informal assessments, and
collected pre- and post-test data on students’ understanding of quadrilateral relationships. Project
resulted in a presentation at the CMC-South Conference (2011). Utah State University (with Dr.
Dicky Ng).

Cognitive Empathy Study (2009-2010). Conducted and transcribed interviews of pre-service
teachers’ on their experiences in mathematics and perceptions of their ability to reach struggling
learners. Project resulted in a paper accepted to the PME Conference (2011). Utah State University
(with Dr. Dicky Ng).

RESEARCH SUPERVISION

Committee Member & Mentor — Undergraduate Honors Program Committee
Jessica Billingsly (2012—13); Utah State University

GRANTS FUNDED

Research and Projects Grant. ($1,000). (2014) Utah State University, Graduate Student Senate.
Funding awarded for the conducting of dissertation research study.

Graduate Student Travel Award. ($1,000). (2014) Utah State University, Office of Research
and Graduate Studies, College of Education. Travel funding awarded for presentation at the
Hawaii International Conference on Education Annual Meeting in Honolulu, Hawaii.

Graduate Research Assistant. ($20,000). Captivated! Young Children’s Learning Interactions
with iPad Mathematics Apps. (2013—14). Utah State University, Vice President for Research RC
Funding. Lead PI — Patricia Moyer-Packenham, Co-PI — Cathy Maahs-Fladung, and the Virtual
Manipulatives Research Group. Project goal: build theory and knowledge about the nature of
young children’s ways of thinking and interacting with virtual manipulatives using touch-screen
mathematics apps on the iPad. My role: obtain IRB approval, pilot test problem-based interview
protocols, conduct iPad-based interviews with participants, observe interviews, document methods
history in preparation for the writing of forthcoming papers, collect and code video data,
collaborate on publications and presentations focusing on young children’s interactions with iPad

apps.

Graduate Student Travel Award. ($500). (2013) Utah State University, Office of Research and
Graduate Studies, College of Education Travel funding awarded for presentation at the NCTM
Annual Meeting in Denver, Colorado.

Graduate Student Travel Grant. ($500). (2013) Utah State University, Center for Women and
Gender. Travel funding awarded for presentation at the AMTE Annual Conference in Orlando,
Florida.
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Graduate Research Assistant ($35,000). Virtual Manipulatives Research Group: Effects of
Multiple Visual Modalities of Representation on Rational Number Competence. (2011-12). Utah
State University, Vice President for Research SPARC Funding. Lead PI — Patricia Moyer-
Packenham; Collaborating Faculty — Kerry Jordan, Dicky Ng, and Kady Schneiter. My role:
design lesson plans for experimental classroom, teach experimental lessons at research sites,
conduct data collection and analysis, participate in research team meetings, collaborate on
publications and presentations focusing on using virtual manipulatives to teach rational number
concepts.

Graduate Student Professional Conference Award. ($600). (2011) Utah State University,
Graduate Student Senate and College of Education. Travel funding awarded for presentation at the
SSMA Annual Meeting in Colorado Springs, Colorado.

TEACHING

UNIVERSITY TEACHING

Utah State University, Logan, Utah (2009-14)
College of Education and Human Services

TEAL 6522/ TEPD 5522 — Mathematics for Teaching K—8: Rational Numbers and
Proportional Reasoning (Spring 2014).

Graduate Course. Elementary Mathematics Endorsement course. Provides practicing
teachers a deeper understanding of rational numbers, operations with rational numbers,
and proportionality, and instructional strategies to facilitate the instruction of this content
for elementary students. Course delivered via interactive broadcast (distance education).

ELED 4060 — Teaching Mathematics & Practicum Level III (Spring 2010, Spring 2012,
Fall 2012, Spring 2013, Fall 2013).

Undergraduate Course. Relevant mathematics instruction in the elementary and middle-
level curriculum; methods of instruction, evaluation, remediation, and enrichment.
Includes supervision of students in a field experience practicum.

ELED 5150 — Student Teaching Seminar & Supervision (Fall 2009, Fall 2011).
Undergraduate Course. Supervision of student in teachers in primary grade (1-3) and
upper-elementary (4-6) classrooms. Student teachers are expected to demonstrate
competency in designing and implementing a developmentally appropriate learning
environment. Students demonstrate professionalism in teaching as they begin their
transition from university student to professional teacher. Includes weekly support
seminars and monthly observations.

CURRICULUM DEVELOPMENT

Utah State University, Logan, Utah (2013—-present)
Elementary Mathematics Teacher Academy — Developed course materials for master’s
level courses for Utah State University’s Elementary Mathematics Teacher Academy
(EMTA). Course designed to develop teachers’ mathematical knowledge for teaching
aligned with the Common Core State Standards for Mathematics. Materials developed
included readings, video lectures, application assignments, and assessments for online
course delivery. Developed the following 20 sixth-grade curriculum modules:
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6.RP.1 Language of Ratios (2013)
6.RP.2 Rates & Ratios (2013)
6.RP.3a Ratio Tables & Coordinate Planes (2013)
6.RP.3b Unit Pricing & Constant Speed (2013)
6.RP.3c Ratios & Percentages (2013)
6.RP.3d Converting Measurement Units (2013)
6.RP Big Idea: Proportional Reasoning (2013)
6.NS.5 Meaning of Positive & Negative Numbers (2013)
6.NS.6a,c Rational Numbers on the Number Line (2013)
6.NS.6b,c Ordered Pairs on the Coordinate Plane (2013)
6.NS.7a,b Ordering Rational Numbers (2013)
6.NS.7c.d Absolute Value (2013)
6.NS.8 Real-World Problems on the Coordinate Plane (2013)
6.NS Big Idea: Rational Numbers (2013)
6.G.1(part 1) Finding Area by Rectangle Composition (2013)
6.G.1(part 2) Finding Area by Triangle Composition (2013)
6.G.2 Volume of Rectangular Prisms (2013)
6.G.3 Polygons on the Coordinate Plane (2013)
6.G.4 Surface Area (2013)
6.G Big Idea: Van Hiele Levels of Geometric Thought (2013)

SERVICE

PRESENTATIONS

Invited Addresses

California Mathematics Council

Anderson, K. L. & Ng, D. (2011, November). Square or Rhombus?: Developing
Relational Thinking Through Geometric Reasoning Part 2. Workshop
Presentation. California Mathematics Council South (CMC-SOUTH) 52™
Annual Mathematics Conference. Palm Springs, California.

Ng. D. & Anderson, K. L. (2011, November). Square or Rhombus?: Developing
Relational Thinking Through Geometric Reasoning Part 1. Workshop
Presentation. California Mathematics Council South (CMC-SOUTH) 52™
Annual Mathematics Conference. Palm Springs, California.

International Presentations — Scholarship

Hawaii International Conference on Education (HICE)

Anderson, K., & Moyer-Packenham, P. S. (2014, January). Techno-mathematical
discourse. Research Presentation, 12" Annual Hawaii International Conference
on Education (HICE), Honolulu, Hawaii.

Boyer-Thurgood, J., Moyer-Packenham, P. S., Shumway, J., Westenskow, A., Tucker, S.,
Anderson, K., & Bullock, E. (2014, January). Kindergarteners’ Strategy
Development During Combining Tasks on the iPad. Research Presentation, 12
Annual Hawaii International Conference on Education (HICE), Honolulu,
Hawaii.

Moyer-Packenham. P. S., Shumway, J., Westenskow, A., Tucker, S., Anderson, K.,
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Boyer-Thurgood, J., & Bullock, E. (2014, January). Young Children’s
Mathematics Interactions with Virtual Manipulatives on iPads. Research
Presentation, 12" Annual Hawaii International Conference on Education (HICE),
Honolulu, Hawaii.

Tucker, S. I., Moyer-Packenham, P. S., Boyer-Thurgood, J. M., Anderson, K. L.,
Shumway, J., Westenskow, A., & Bullock, E. (2014, January). The Nexus of
Mathematics, Strategy, and Technology in Second-Graders' Interactions with an
iPad-Based Virtual Manipulative. Paper Session, 12th Annual Hawaii
International Conference on Education (HICE), Honolulu, Hawaii.

National Presentations — Scholarship

American Educational Research Association (AERA)

Moyer-Packenham, P. S., Jordan, K., Anderson, K., Baker, J., Shumway, J., &
Westenskow, A. (2013, April). Hidden Predictors of Achievement: The
Equalizing Effect of Virtual Manipulatives for Mathematics Instruction. Paper
Session. Annual Meeting of the American Educational Research Association
(AERA). San Francisco, California.

Association of Mathematics Teacher Educators (AMTE)

Shumway, J., Bostwick, A., Anderson, K. L., & Tucker, S. (2013, January). Building
Partnerships: A Collaborative Lesson-Study Experience in a Preservice
Mathematics Methods Course. Presentation, 17" Annual AMTE Conference,
Orlando, Florida.

National Council of Teachers of Mathematics (NCTM)

Anderson, K. L. (2013, April). Pattern Block Frenzy: Proportional Reasoning with
Technology. Presentation, 91* Annual Meeting of the National Council of
Teachers of Mathematics (NCTM), Denver, Colorado.

Anderson, K. L., Westenskow, A., & Moyer-Packenham, P. S. (2012, April). Teachers’
Resources for Using Virtual Manipulatives to Teach Fraction Concepts.
Presentation, 90™ Annual Meeting of the National Council of Teachers of
Mathematics (NCTM), Philadelphia, Pennsylvania.

Ng, D. & Anderson, K. L. (2011, April). Square or Rhombus? Helping Students Develop
Relational Thinking through Geometry. Presentation, 89" Annual Meeting of the
National Council of Teachers of Mathematics (NCTM), Indianapolis, Indiana.

National Council of Teachers of Mathematics Research Presession (NCTM)

Moyer-Packenham, P. S., Baker, J., Anderson, K. L., Shumway, J. F., Westenskow, A.,
& Jordan, K. (2013, April). Hidden Achievement Predictors: Equalizing Effects
of Virtual Manipulatives. Paper Session. National Council of Teachers of
Mathematics (NCTM) Research Presession, Denver, Colorado.

School Science and Math Association (SSMA)

Moyer-Packenham, P. S., Jordan, K., Ng, D., Anderson, K., Baker, J., Rodzon, K.,
Shumway, J., & Westenskow, A. (2011, November). School Mathematics
Research on Virtual Manipulatives: A Collaborative Team Approach. Research
Presentation. School Science and Math Association (SSMA) Annual Meeting.
Colorado Springs, Colorado.
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Brown, A. B. & Anderson, K. L. (2010, November). Broadcast, Online, Hybrid?
Teaching Elementary Math Methods in Distance Education Environments.
Research Presentation, School Science and Math Association (SSMA) Annual
Meeting, Ft. Meyers, Florida.

State & Regional Presentations

Consortium for Mathematics Educational Enhancement (CMEE)

Anderson, K. L. & Welch, A. (2007, November). Motivating Students in Mathematics
Through Technology: an Introduction to eNLVM. Workshop Presentation,
Consortium for Mathematics Educational Enhancement (CMEE) Annual State
Conference, Salt Lake City, Utah.

T2: Integrating Math and Technology

Anderson, K. L. & Nielsen, M. (2003, February). Tumbling Tetronimoes & Broken
Calculators. Workshop Presentation, T°: Integrating Math and Technology
Annual State Conference, Salt Lake City, Utah.

Utah Council of Teachers of Mathematics (UCTM)

Anderson-Pence, K. L. (2013, November). Techno-Mathematical Discourse: A
Framework for Analyzing Math Talk While Working with Virtual Manipulatives.
Annual Conference of the Utah Council of Teachers of Mathematics (UCTM),
Salt Lake City, Utah.

Anderson, K. L. (2012, October). Pattern Block Frenzy: Proportional Reasoning with
Technology. Annual Conference of the Utah Council of Teachers of
Mathematics (UCTM), American Fork, Utah.

Anderson, K. L. (2011, November). Square or Rhombus?: Developing Relational
Thinking Through Geometric Reasoning. Annual Conference of the Utah
Council of Teachers of Mathematics (UCTM), Salt Lake City, Utah.

Anderson, K. L. (2011, May). Minilessons for Multiplying and Dividing Fractions. Utah
Council of Teachers of Mathematics (UCTM) Outreach Conference, Cedar City,
Utah.

Anderson, K. L. & Leder, A. (2008, October). Minilessons for Extending Multiplication.
Annual Conference of the Utah Council of Teachers of Mathematics (UCTM),
Sandy, Utah.

Anderson, K. L. (2006, October). Unraveling Integers. Annual Conference of the Utah
Council of Teachers of Mathematics (UCTM), Salt Lake City, Utah.

Anderson, K. L. (2005, October). K-6 Mathematics Benchmarking System. Annual
Conference of the Utah Council of Teachers of Mathematics (UCTM),
Clearfield, Utah.

Anderson, K. L. (2004, October). The Ups and Downs of 3™ grade Algebra. Annual
Conference of the Utah Council of Teachers of Mathematics (UCTM), Sandy,
Utah.
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NATIONAL LEADERSHIP & SERVICE

Reviewer (2013—present) School Science and Mathematics. School
Science and Mathematics Association.

Reviewer (2012—present) Teaching Children Mathematics. National
Council of Teachers of Mathematics

STATE LEADERSHIP & SERVICE

Board of Directors (2009-11) Utah Council of Teachers of Mathematics.
Webmaster.

Board of Directors (2009—-11) Utah Council of Teachers of Mathematics.
Monthly Newsletter Editor.

Board of Directors (2007-09) Utah Council of Teachers of Mathematics. K-3
Representative. Wrote problems for state math
competition.

Committee Member (2007—09) State Mathematics Education Coordinating

Committee (Utah)

Committee Member (2006—08) State of Utah Instructional Materials
Committee

District Math Coordinator (2001-04) Grade 3: Alpine School District, American
Fork, Utah

STATE SERVICE - OUTREACH FOR PUBLIC SCHOOLS

Utah
Edith Bowen Lab School, Logan, Utah. Professional Development School Partnership (September
2013). Taught a 4™ grade model minilesson on relational thinking with multiplication.

Alpine School District, Orem, Utah. Utah Elementary Mathematics Endorsement Project (March
2012). Taught a 6™ grade model lesson during a ratios and proportions unit.

Utah State Office of Education. Utah’s Common Core State Standards (CCSS) 6™ Grade
Committee. (December 2010). Worked with a team of 25 sixth-grade teachers to interpret
core standards, suggest instructional strategies, identify useful resources, and construct
sample formative assessment tasks.

Emery County School District, Castledale, Utah. K-6 Mathematics Content and Selected Topics
from Algebra and Geometry. (2008-09). Lead Instructor, two workshops for 25 grades 4-
6 teachers.

Alpine School District, American Fork, Utah. Utah Elementary Mathematics Endorsement. (2006-
08). Co-instructor, two cohorts of 20 grades 2-6 teachers.
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Alpine School District, American Fork, Utah. Making Meaning for Operations. (2008). Lead
Instructor, eight-week workshop for 6 participants.

Alpine School District, American Fork, Utah. Introduction to eNLVM. (October-November 2006).
Lead Instructor, four-week workshop for 12 participants.

Alpine School District, American Fork, Utah. Motivating Students to Engage in Mathematics
Using Technology. (March 2006). Lead Instructor, one-day workshop for 50 participants.

Alpine School District, American Fork, Utah. Literacy and Technology in the Content Areas.
(January 2006). Lead Instructor, one-day workshop for 50 participants.

Alpine School District, American Fork, Utah. Making Meaning for Operations. (2003). Lead
Instructor, eight-week workshop for 20 participants.

Alpine School District, American Fork, Utah. Building a System of Tens. (2002). Lead Instructor,
eight-week workshop for 20 participants.

Alpine School District, American Fork, Utah. Math Support Group for Investigations: Grade 3.
(2001-2004). Lead Facilitator. Year-long meetings for 6 participants.

INTERNATIONAL MATHEMATICS EXPERIENCES

October 2011 Mathematics Education Delegation, People to People Ambassadors. Sdo Paulo,
Brazil. Rio de Janeiro, Brazil. Visited primary/secondary schools and
universities; met with Brazilian mathematics education researchers, classroom
teachers, and students. Topics discussed: Use of technology in mathematics
education, ethnomathematics, culturally relevant pedagogy, and teacher
professional development.

November 2007 Mathematics Education Delegation: Education Forum. People to People
Ambassadors. Cairo, Egypt. Visited primary/secondary schools and universities.
Topics discussed: Use of technology in education, teacher professional
development.

PROFESSIONAL DEVELOPMENT ATTENDED

April 2012 Grant Proposal Writing Workshop, Utah State University, Logan, Utah.

July 2008 Developing Mathematical Ideas Institute. Mt. Holyoke College, South Hadley,
Massachusetts.

July 2008 Math Coaching Institute. Mt. Holyoke College, South Hadley, Massachusetts.

April 2008 Professional Development with Catherine T. Fosnot, American Fork, Utah.

June 2007 Professional Development with Robert Marzano. American Fork, Utah.

July 2003 Investigations Summer Institute: Building Computational Fluency from

Kindergarten through Grade 5. Cedar Hills, Utah.



