University of Montana

ScholarWorks at University of Montana

Graduate Student Theses, Dissertations, &

Professional Papers Graduate School

2015

An Investigation of the Impact of iPad Usage on Elementary
Mathematical Skills and Attitudes

Grant Patrick Swicegood
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.

Recommended Citation

Swicegood, Grant Patrick, "An Investigation of the Impact of iPad Usage on Elementary Mathematical
Skills and Attitudes" (2015). Graduate Student Theses, Dissertations, & Professional Papers. 4591.
https://scholarworks.umt.edu/etd/4591

This Dissertation is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.


https://scholarworks.umt.edu/
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/grad
https://scholarworks.umt.edu/etd?utm_source=scholarworks.umt.edu%2Fetd%2F4591&utm_medium=PDF&utm_campaign=PDFCoverPages
https://goo.gl/forms/s2rGfXOLzz71qgsB2
https://scholarworks.umt.edu/etd/4591?utm_source=scholarworks.umt.edu%2Fetd%2F4591&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@mso.umt.edu

AN INVESTIGATION OF THE IMPACT OF IPAD USAGE ON ELEMENTARY
MATHEMATICAL SKILLSAND ATTITUDES
By
GRANT PATRICK SWICEGOOD

Bachelor of Arts Mathematics, The University of Montana, Missoula, MT, 2003
Bachelor of Arts English, The University of Montana, Missoula, MT, 2003

Dissertation

presented in partial fulfillment of the requirements
for the degree of

Doctor of Philosophy
in Mathematics Education

The University of Montana
Missoula, MT

May 2015
Approved by:

Sandy Ross, Dean of The Graduate School
Graduate School

James Hirstein, Chair
Mathematical Sciences

Matthew Roscoe
Mathematical Sciences

David Patterson
Mathematical Sciences

KeWu
Mathematical Sciences

Georgia Cobbs
Curriculum and Instruction



Swicegood, Grant, Ph.D., Spring 2015 Mathematics Education

Abstract: An Investigation of the Impact of iPad Usage on Elementary Mathematical
Skills and Attitudes

Chairperson: James Hirstein

Currently, many schools are implementing one-to-one initiatives, where the goal isto
give every student in a classroom atablet or laptop computer. However, thereis a dearth
of research backing up the assumption that they significantly improve student learning.
This study explored the effects of these new instructional devices by focusing on two
second-grade classrooms implementing a one-to-one iPad program. Specificaly, it
investigated how iPad usage affects student and teacher attitudes toward mathematics,
student mathematics performance in and out of app environments, the instructional
purposes for which iPads are used in the classroom, and implementation issues of the
technology. This primarily observational study used both quantitative and qualitative
methods to capture a picture of an active program to serve as a source for further
guestions that may be better answered by experimenting with different treatments.
Quantitative data was gathered on student performance in two apps, Addimal Adventure
and Splash Math 2™ Grade, as well on the frequency and type of iPad usage. Qualitative
data came from interviews with six students and two teachers near the beginning and end
of the four month research period. While students generally reported they enjoyed doing
mathematics on the iPad, half preferred paper and pencil. Teachers believed iPads helped
students stay engaged in mathematics longer, resulted in more time spent on task, and
enabled more differentiated instruction. Students performed better on quizzes for both
apps than they had in either app environment. While the scores were positively
correlated with varying degrees of strength, no evidence was found that app progress
significantly explained student quiz scores. It was also found that iPads were being used
in two different modes of instruction: free choice and focused. Based on these results,
the education community needs to provide additional support to teachers, including
technical and pedagogical trainings, focused apps for various skills, and a feedback
channel for teachers to quickly report problems to developers. With an active and
engaged support structure, educators can take advantage of the technological abilities of
these devices and create a more responsive and differentiated environment of
mathematics learning than has previously been feasible.

Keywords: iPadsin Education, Elementary Educational Technology, One-to-one
Device Initiatives
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Chapter 1. Introduction

In this chapter, the current status of programs to deploy mobile devices to schools
and districtsin the United States is discussed. The nature of these initiativesis aso
described, as well as the many types of devices, the technological advances required for
such devices, and the possible instructional benefits of these advances. The debate
between proponents and skeptics of the technology is briefly outlined. Finaly, the
importance and scope of this study is situated in mathematics education and the purpose

and hypotheses of the study are discussed.

Present Technology Initiatives

Currently, tablets and laptops are being aggressively rolled into classrooms across
the country at all age levels. However, thisis not simply a hardware refresh of existing
desktop or laptop computersin classrooms. Many of these programs are one-to-one
initiatives, where the goal isto give every student in a classroom, grade level, school or
district one of the devices. This approach has been popular for several years, especialy
due to the falling prices of laptops (Penuel, 2006). While some districts seeit as simply
keeping classroom technology up to date, others see this as an opportunity for schools to
respond to the massive changes that have occurred in mobile technology over the past
decade. As Schnakenberg & Vega (2013) put it

In the last decade, education has taken on a new rhythm in the lives of students

and society. No longer islearning done at specific hours of the day in specific

locations (generally schools and universities). Now education is something that

occurs whenever alearner has a question or wonders about something and

1



possesses a device to help him or her answer the query. Mobile learning is the

present-day form in which education occurs. It is not only supported by mobile

technologies, but also characterized by the mobility of the learners and the

knowledge itself. (p. 589)

No longer is acomputer a stationary device sitting on a desk, designed to be only
occasionally accessed for information or to process data. Advancements in technol ogy
have created a world in which we have constant access to computing in the form of
smartphones, tablets, laptops and even wearable computing devices. Most importantly,
these devices are not operating in avacuum; each is able to communicate wirelessly with
other devicesto varying degrees, as well as connect to the larger internet. This has not
only changed our perception of computing and information, but perhaps the very nature
of human knowledge and learning as well (Carr, 2008). Studentstoday grow up in a
world where information is freely available and where ideas can travel around the world
inaninstant. Almost any question can be answered in afew moments using a search
engine—and if it cannot be readily found, the problem can be crowdsourced using social
media. All of these factors affect the way students learn outside the classroom, and the
modern classroom must therefore adapt.

These one-to-one initiatives are occurring in an environment of both staunch
skeptics and advocates (Mango, 2015). Skeptics often argue that similar technology
initiatives in the past—namely efforts in the 1990s to place computersin aimost all
classrooms—have typicaly had little lasting effect on the educational environment or
student outcomes (Murray & Olcese, 2011). Even as Tyack & Tobin observed in 1994,

the “grammar” of schooling is exceptionally difficult to change. The forces of



“instructionalism” originally organized K-12 schools in the United States around “ passive
disciplinary knowledge and encouraged passive learning strategies based on knowledge
absorption” (Halverson & Smith, 2009). This model would seem to control the learning
experience, making it one in which teachers dispense knowledge to students who are
expected to absorb it and deliver it back in the form of traditional assessments.
Especialy in mathematics, this has been the case for decades. The instructionalist model
has proven quite “resilient” and has survived technological revolutions before by either
“co-opting tools that reinforce existing practices’ or “minimizing the threat of disruptive
technologies through marginalization or banning” (Halverson & Smith, 2009). Coupled
with the expense of instituting one-to-one device initiatives, such skeptics argue the
resources required for deployment would be better spent on traditional, durable analog
equivalents (Murray & Olcese, 2011).

Proponents believe these sorts of mobile devices will significantly change the way
educators teach and the way students learn—finally realizing the dream of effective,
individualized computer-aided instruction. While the reality is often more “prosaic and
less transformative’, the possibilities offered with new technology can tempt any teacher
(Murray & Olcese, 2011). Certainly an obvious benefit of one-to-oneinitiativesis that
students would have constant access to the technology. When computers were primarily
confined to labs in schools, the technology was used less often for instruction than it
might have been otherwise due to scheduling difficulties and the time and energy
commitment of transporting students to the lab (Penuel, 2006). Rather than using the
technology in such a supplemental role, the new approach makes possible a more

frequent and integral roleininstruction. Thereis also the hope that such initiatives will



provide more equitable access to new technology for low socioeconomic status (SES)
schools. For this reason aone, such technologies are seen as an important element in
efforts to improve results in underperforming schools (Warschauer, Knobel, & Stone,
2004).

Of course, the expense of a one-to-one initiative may be prohibitive to many
schools and districts. Some schools have chosen to work on a smaller scale by only
issuing a device to the teacher; others use a classroom set on a cart that can be reserved
much like the computer labs previously discussed (Bennett & Martin, 2013). Other
schools have explored Bring-Y our-Own-Device (BY OD) programs, which allow students
to bring their own devices from home for use in the classroom. While this option clearly
reduces the cost to the schoal, it brings challenges of device support, distraction, and

issues of inequity for students who do not own their own devices (Emery, 2012).

Types of Devices and the Effects of Design on the Classroom

Asimportant asit isto consider the implementation strategy before deploying
mobile technology to a school, the type of device also has alarge impact on its possible
uses in the classroom. Different companies usually bring different design perspectives
that can fundamentally affect the learning environment. Two broad categories of devices
can be described in today’ s educational market—Iaptops and tablet. Throughout this
work, “laptop” refersto a* portable microcomputer having its main components (such as
processor, keyboard, and display screen) integrated into a single unit capable of battery-

powered operation” (Merriam-Webster, n.d.). Furthermore, the primary input of alaptop



is through the keyboard, mouse, or trackpad, and the form factor is such that the device
folds open like a book to expose the display and the keyboard.

“Tablet” refersto awireless, portable personal computer that primarily accepts
input from a touchscreen interface, rather than a keyboard or mouse. These devices are
thin and typically have no other visible components than a bezel that wraps around the
screen and provides a location for power switches, connection ports, and control
switches. Thetablet category will be considered to contain smartphones as a subset,
since the line between the two devices continues to blur with so-called “phablets’, which
are devices described as either large phones or small tablets (Thorn, 2014).

Tablets and smartphones run what are commonly referred to as “apps’.
Originally short for “application,” the word has come to mean software that is intended
for asingle purpose, as opposed to “applications,” which are software programs designed
for multiple purposes (Blankenhorn, 2010). Asthese devicestypicaly run the same
operating systems, and apps are often compatible across device sizes, the functionality is
similar. Of course, smartphones may not be as useful in the classroom as tablets, due to
size limitations, but they are often till useful in certain situations and are likely integral
to an effective BY OD program.

However “futuristic” these devices may seem, the concept of the tablet computer
isnothing new. In arecovered taped question and answer session following a 1983 talk,
Apple co-founder Steve Jobs said

[Apples] strategy isrealy ssimple. What we want to do is we want to put an

incredibly great computer in abook that you can carry around with you and learn

how to usein 20 minutes ... and we really want to do it with aradio link in it so



you don't have to hook up to anything and you're in communication with all of

these larger databases and other computers. (Panzarino, 2012, p. 1)

This would seem to foreshadow the tablet computer in form factor and wireless internet
in connectivity, several decades before either was atechnical possibility. Going even
further, Microsoft released a series of tablet PCsin 2000, but failed to gain any redl
traction in the education market (Page, 2000). Several technological factors had to change
over the yearsto allow effective tablet devices to be built. Many of them have adirect
effect on the instructional possibilities of the devices as well.

Perhaps the most fundamental advance was in processor technology. Processing
density, combined with advancements in power management and consumption, allowed
tablets to be constructed that could last for almost an entire day of moderate use without
the need to connect them to a charger. Inthe classroom, thisisan important barrier to
interaction that must be removed if the deviceisto be treated as atool at the ready, rather
than as alearning opportunity that must be planned around battery life cycles.

Another important hardware advance was the multitouch capacitive display. This
allows the device to receive touch input from multiple points of contact simultaneously,
making for much easier manipulation of digital objects through the use of multiple
fingers. It also allows the possibility of multitouch gestures, which involve pre-defined
gestures involving multiple fingers to trigger commands. As useful as thisinput feature
is, the capacitive display is perhaps the more transformative feature. Unlike resistive
screen technology, which requires the pressure of atouch to bring two plates in contact
and transmit an input signal, a capacitive screen registers an input through the

capacitance of the object touching the screen (Kim, Lee, & Yun, 2011). Ashumans are



somewhat conductive, this allows the screen to register the touch of afinger as an input.
Therefore, the interface of the device can be designed for touch, without the need for a
stylus or other input devices—such as a mouse, keyboard, or trackpad. Thisisespecially
useful in the early grades, where such input devices can not only represent a distraction if
they need to be carried about with the device, but can represent a slight detriment to the
device sease of use. Touching isavery natura means of interacting with our world.
The hope is that this advancement makes the device more intuitive to begin using and
allows the interface of it to recede into the background of the user’ s attention (Kim et al.,
2011). Thisallows the student’s attention to be focused on the app being used, rather
than on the act of using the device.

The internet and the increasing ubiquity of wireless local area networks (WLAN
or Wi-Fi) have changed the way tablet devices function aswell. They need not be
tethered to a computer for management and updates. The devices can be freely moved
about the classroom and online resources accessed whenever needed. For rooms
equipped with Apple TVsor other similar media-hub devices, alocal wireless network
allows for wireless projection of any of the device screens to the main projector in the
room. Hence, students can project their screen for the entire classto see for a

presentation or discussion, as can the teacher for a demonstration.

Competing Devices for Education
The primary competitorsin the tablet space are the Apple iPad, Android-based
tablets, and Microsoft Surface tablets. Each bringsits own set of opportunities and

challenges. The Apple iPad was introduced in April 2010 to an industry already



transformed by advancements in mobile technology over the previous years—certainly
since the introduction of theiconic iPhonein 2007. According to Apple, since the
product’ s introduction, at least 7 million iPads have been sold to the educational market
(Dilger, 2014). While tablets based on Google' s Android mobile operating system have
been in the market since 2009 (McLean, 2009), their adoption numbers in education have
remained low, with only about half amillion sold to education in total (Dilger, 2014).
While Microsoft was one of the first companies to pursue tablet computing in 2000, their
Surface tablets only entered this race in 2012, much later than their competitors. Perhaps
partially due to this, they have also found it difficult to gain traction in education. While
exact numbers have not been reported, industry analysts believe the number sold to
educational institutions to be quite low (Dilger, 2014; Foley, 2013).

Given how many choices there are in the market, it’s difficult for schools to know
who the winner will be and on which device they should standardize. It isalso the case
that it is not always the best device that wins out in amarket. This problemis
compounded by the nature of the app ecosystems for each device. Each operating system
maintains its own distinct app marketplace. The two largest such marketplaces are for
Apple and Android.

These two platforms provide a useful lens through which to view the pedagogical
role of these devicesin education. Apple’ s App Store is the only source for apps for their
devices and, whileit has alarge devel oper base, the review process for appsis
notoriously opague. Developers often have trouble “threading the needle of the censor”
and frustrations arise when some apps are allowed, while others are rejected for no

apparent reason (Hestres, 2013; Thornburg, 2013, p. 45). However, Android app



marketplaces, such as the Google Play store and Amazon’s Appstore, are often more
transparent and permissive with app devel opers (Remneland-Wikhamn, Ljungberg,
Bergquist & Kuschel, 2011; Thornburg, 2013, p. 45). Also, most Android devices have
the ability to install third-party apps from any source with the change of a setting. This
example reveas afundamental difference between the two platforms—Apple' siOS
platform is more controlled, while Android-based devices are more open.

This difference also affects the devices' hardware and functionality. Apple has
few models of devices, since they are made by a single company. They strive for
elegance, often having very few ports and requiring more adapters for increased
connectivity. For the sake of security, apps cannot interact freely or run simultaneously.
On the other hand, Android devices are manufactured by several companies and have a
multitude of options, making them very flexible. They often have many different devices
with different connection options. Apps can freely run in the background and interact.

For this reason, some have claimed that Apple devices are more for “ content
consumption” while Android devices are for “content creation” (Thornburg, 2013, p. 45).
Thisis afase dichotomy, as both devices can be used for either purpose, but the point is
well taken. In deciding on a platform, educators must be aware of the types of apps
available for each device, the nature of the developer environments, and the flexibility of
the device in the classroom. While a device must be secure and controllable to some
extent, one must also avoid stifling teacher creativity in how it is implemented.

Of course, laptop computers are still an important part of educational technology,

especialy at the higher levels. Recent reports show at least 20 million PCs and tablets



were sold to the educational market (both schools and colleges) in 2013 and 2014 alone

(see Figure 1).

Figure 1. 2013-2014 PC and Tablet Salesin U.S. Education Market (Dilger, 2014).
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Of those, approximately 39% were Windows-based laptops. Also there are “hybrid”
devices that combine elements of traditional laptops and tablets. Chromebooks are
manufactured by several companies, and run Google' s Chrome OS, which is based on the
Linux operating system. These computers may |ook like traditional laptops, but are more
similar to atablet in the way they require remote storage (the “cloud”) for large amounts

of data and have limited offline capabilities. However, they are generally lower cost
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devices that are gaining traction in the education market. In the same report,

Chromebooks accounted for 30% of sales to education (see Figure 1).

Statement of the Problem

Despite the numbers of mobile devices being deployed in education, thereisa
dearth of research backing up the assumption that they significantly improve student
learning. (Diemer, Fernandez, & Streepey, 2013). In the past, researchers have attempted
to evaluate new instructional technology by assessing student learning and engagement.
Under the belief that technology encourages engagement with mathematics, they
generally expect student engagement with tablets to improve some of their mathematical
abilities. While most suppose that students will prefer classes using iPads, it is not yet
known which factors contribute to student learning or engagement (Diemer, Fernandez,
& Streepey, 2013).

In addition, it would be useful to know what effects the emerging technology has
on teacher and student attitudes toward mathematics. Thisis especially of interest at the
elementary level. The sequential nature of mathematics courses makes performance in
them, especially in elementary and middle school, critical for access to advanced courses
in high school and college (Singh, Granville & Dika, 2002). It isargued in the literature,
and reported from the experience of most teachers of mathematics, that student attitudes
toward the subject have alarge impact on success, regardless of the level of technology
(Fennema & Sherman, 1976; Singh et al., 2002). However, it is not necessarily an easy
matter to change student attitudes. It has long been the hope of technology enthusiasts

that computer-aided instruction might help to improve student interest in mathematics.
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Certainly, the literature on the subject suggests that technology use can enhance learning
through cognitive, metacognitive, and affective channels (Pierce, Stacey, & Barkatsas,
2007). Tablets especially lend themselves to avariety of modalities—visual, tactile, and
auditory—which may allow them to adapt well to the needs of a many types of learners

(Schnakenberg & Vega, 2013).

Purpose of the Study
The purpose of this study was to explore the effects of these new instructional devices
by focusing on an elementary classroom with a one-to-one iPad program. Specifically,

this effort sought to answer the following research questions:

How does iPad or other technology usage affect student and teacher attitudes
toward mathematics?
. How does student performance in an app environment translate to mathematics

performance in more traditional forms of assessment?

. How much timeis spent using iPads in the classroom and for what instructional
purposes are they used?

. What issues are involved in implementation of the technology?

Hypotheses

It was hypothesized that students would have generally positive views of
mathematics apps on the iPad, but they would likely express a certain amount of worry
about mathematicsin general. It was also suspected they would discuss mathematicsin a

more dynamic, or at least less procedural, manner than other studentsin the literature, but
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they might not make specific mention of the iPad—at least no more than others might
refer to atextbook. If the iPads were being used for more exploration and discovery than
might traditionally be seen in computer-based instruction, it was thought this sort of
discussion of mathematics might reveal a more inquisitive and less deterministic view of
the subject. Of courseg, in the early grades, the amount of arithmetic learned would limit
the extent of thisexploration. It was hypothesized that teachers would have generally
positive views of mathematics and likely focus more on the changes brought about by the
new technology in their instruction and student performance. The researcher further
predicted that students would show lower performance on “paper” math problems than
inside apps, due to the change in context. However, there would likely be a correlation in

performance between the two environments.

I mportance of Study

This study, and others like it, are important if districts and schools are to have
successful deployments of these technologiesto classrooms. In December 2014, the Los
Angeles Unified School District suspended its $1.3 billion one-to-one iPad program due
to concerns over cost effectiveness, accusations of corruption in the bidding, and the lack
of specific and measurable expected outcomes. A report issued by the US Department of
Education found the school district program was “too heavily focused on the iPad instead
of being open to less-expensive alternatives’ (Blume, 2015). They also found that
teachers weren’t being provided enough training and there was an absence of district-

wide instructional technology leadership (Blume, 2015).
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As concerning as thissituation is, it is only one out of many such initiatives
occurring throughout the country. While exact counts are not available, it is estimated
that every state has some sort of a one-to-one device program in effect (Dilger, 2014).
Considering reports of at least 20 million devices being sold to the educational sector,
and that the 2011 U.S. Census showed approximately 83 million studentsin the United
States (in schools and colleges), it is clear such devices cannot be considered rarein
classrooms (Davis & Bauman, 2013). All of the companies have been reporting growth
in these sales, implying the trend will only be increasing (Dilger, 2014; Thornburg, 2013,

p. 44).

Scope of Study

Of course, providing a complete answer to these questionsis an arduous task.
This study only considered students and teachers in two second grade classrooms. Anin-
depth analysis of student learning and attitudes toward mathematics and technology, in
addition to teacher attitudes toward these subjects, provided a useful snapshot of this
school’ s implementation of iPads in the elementary classroom. Thisinformation will
prove useful in designing any future study attempting to compare such classroomsin
larger populations, as well as promote best practices to other districts implementing

similar one-to-one device initiatives.

Summary

This chapter discussed the types of deviceinitiatives, technologies, design
philosophies, and devices that will affect the way tablet devices are integrated into
mathematics education at all levels. The challenges of effectively implementing such

technology often depend on the design choices of manufacturers and limitations
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mentioned. These will prove useful points of reference as the researcher attempts to
answer the stated research questions and explore student performance and attitudesin

mathematics in second-grade classrooms with a one-to-one iPad initiative.
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Chapter 2. Literature Review

I ntroduction

This chapter reviews research findings on the topic of educational technology as it
pertains to this study. However, in order to discuss how students and teachers interact
with technology in the classroom today, the history and issues of technology integration
must be considered. Hence, in the first section, the topics discussed are the first and
second digital divides, how they interact with gender and socioeconomic status, and
technology usage at home and school. Attention is then turned to topics relating to
student and teacher interactions with the technology in regards to mathematics. These
include student attitudes toward technology and mathematics, teacher beliefs and
attitudes regarding new technology, new forms of assessment, and professional

development opportunities around technol ogy.

Background

While tablet technology may be new to the classroom, computers are not. Asthe
educational system approaches four decades of digital technology in the mathematics
classroom, it’s a worthwhile endeavor to look back and reflect on how the technology has
changed schools, students and teachers—and whether it has had an effect on learning.
There are some educators who would argue that technology has not noticeably improved
student achievement in mathematics, bemoaning the impulse to immediately use the

calculator in lieu of mental calculation or to look up a hint online before spending hours
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working on a problem without progress (Guerrero, Walker, & Dugdale, 2004; Murray &
Olcese, 2011).

However, others would argue that such criticism is ultimately unproductive.
Many think the emergence of technology in the classroom was inevitable—as the
computer revolution began to transform our culture, it was unreasonable to assume the
classroom could remain untouched as the world changed around it (Weston & Bain,
2010). Infact, technology was seen as a potential “equalizer;” away to level the playing
field for students in low socioeconomic status (SES) schools (Gorski, 2009; Warschauer
& Stone, 2004).

The introduction of digital technology in the classroom progressed through many
stages. Its course was often determined by classroom use, teacher beliefs, professional
development, and technological advancements. Initially, the focus was providing
students access to computers—however, the use of technology in schools varies greatly
and is key to student learning (Weston & Bain, 2010). Such variation has the potential
to create a“digital divide’ that results in inequitable instruction (Attewell, 2001,

Warschauer & Stone, 2004).

TheFirst Digital Divide

Attewell (2001) definesthe first digital divide as one of access to technology (p.
253). Even as some of the first microcomputers were being introduced during the 1980s,
many worried that the disparity between schoolsin high and low socioeconomic status
(SES) areas would exacerbate the educational opportunity gaps for those student

populations (Zakariya, 1984). Other known education opportunity gaps, such asrural vs.
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urban, white vs. minority, gender, or native English speaker vs. English as a Second
Language (ESL), are aso related to the introduction of technology and each brings along
aparticular set of concerns as to how it affects various student groups (Attewell, 2001,
Kim & Chang, 2010; Thompson, 1990). Of course, for many, all these gaps had the
simple solution of provisioning schools with computers and software—as was noted in a
literature review of student and teacher attitudes toward technology and mathematics by
Disney, Lelko, Swicegood & Swift (2013).

While many schools previously had afew computers available per classroom, the
1990s saw tremendous growth in technology acquisition by schools and the possibilities
of their implementation were multiplied by the simultaneous maturation of the internet
(Staples, Pugach, & Himes, 2005). Public opinion and policymakers were certainly
focused on this type of access and many believed this fully addressed issues of inequality
(Van Dijk Hacker, 2003, p. 316). To befair, convenient physical accessis anecessary
first step, but doesn’t sufficiently change the way students learn. Anyone who has seen
obsolete and barely used desktop computers in a classroom knows there is more to the
situation than simple access—how the computers are used is extremely important.

Although he was speaking of the history classroom, Wenglinsky (2005) noted that
lessons should not revolve around the technology, but rather allow students to use the
technology as atool in an effort to degpen their thinking, and therefore the meaning of
the material. This observation applies to the mathematics classroom as well and leadsto

aconcern over a second digital divide—one not of access, but of usage.
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The Second Digital Divide

Attewell (2001) defines the second digital divide as one dealing with the use of
technology (p. 253). The situation has now evolved to a point where it is not a matter of
whether or not the school maintains the requisite computer equipment, but how
accessible these computers are “to students and teachersin the pursuit of teaching and
learning” (Gibbs, Dosen, & Guerroro, 2009, p. 11).

To address this concern, one must consider precisely how computers can affect
student learning. Certainly one component could be their effect on the initiative and
interest of the student. The hope for many is that computers will somehow excite the
student and engage them more fully with the material—to this end, educational computer
games are extremely popular and are being produced at an increasing rate (Habgood &
Ainsworth, 2011).

In order to accurately describe the second digital divide, researchers need more
usage data than they might get from asingle study. For this reason, many make use of
the data from the National Assessment of Educational Progress (NAEP). The NAEP has
measured student achievement in mathematics, as well as other subjects, for over 40
years (Beaton, Gonzalez, & Gorman, 2011). The NAEP offers teachers, administrators,
and policymakers a wealth of achievement data by which to evaluate the effectiveness of
instruction in avariety of subject areas and to measure the progress of students from a
nationwide sample. Interestingly, the NAEP also offers researchers a breadth of data
beyond achievement scores. Students, teachers, and administrators complete surveys
addressing a variety of factors that may impact achievement, such as student attitudes

about subjects, classroom instructional practices, teacher professional development, and
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access to and use of instructional technology (Disney et al., 2013).

The NAEP has also documented varying levels of achievement among groups of
students based on a variety of demographic factors, such as race/ethnicity, gender,
socioeconomic status (SES), native language spoken, and rural vs. urban school settings.
The existence of achievement gapsin the NAEP datais well established, but how to
narrow these gaps has been afocus of research for aslong as the NAEP has been
administered (Lubienski, 2008).

Of course, there are questions as to how effective the different forms of
technology are and how they interact with the various educational opportunity gaps. In
Kim & Chang's study (2010) of agroup of 4" graders, computer games were found to
have negative effects on mathematics achievement for boys when played over acertain
amount of time per day, but a positive effect when played less frequently. Interestingly,
this negative effect was only observed for the English-speaking group and was not
present for the English Language Learners group. On the other hand, mal e students who
played mathematics games less frequently (once a month to twice aweek) outperformed
the male students from the control group. From the perspective of gender, this study also
found that males were positively affected by computer games, while females were not.
However, another study found a common improvement in both genders (Kim & Chang,
2010). Itispossible that apps and games have complex interactions with al the different
types of divides discussed above (rural vs. urban, white vs. minority, gender, or native
English speaker vs. English as a Second Language (ESL)) (Attewell, 2001; Kim &
Chang, 2010; Lubienski, 2008; Thompson, 1990).

These interactions aso depend on the type of technology application. The
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findings of a meta-analysis by Cheung & Slavin (2013) investigating prior evaluations of
technology applications in the K-12 mathematics setting were that they produced a
“positive but small effect.” They also found that computer-assisted instruction (CAl) had
the largest effect on mathematics achievement. Applicationsin which students used the
programs more than 30 minutes per week were more influential than those requiring less
than 30 minutes per week (Cheung & Slavin, 2013).

Also of interest to this research, previous meta-analyses found the use of
educational technology had a larger effect on elementary students than it did on high
school students (Li & Ma, 2010; Slavin, Lake & Groff, 2009). While Cheung & Slavin
(2013) found this to be the case as well, the difference was not statistically significant. A
possible explanation of this might be found by looking back at J. Kulik, C. Kulik, &
Bangert-Drowns (1985), who argued that high school students “ apparently have less need
for highly structured, highly reactive instruction provided in computer drills and tutorials.
They may be able to acquire basic textbook information with the cues and feedback that
CAl systems provide” (p. 71). Of course, others would argue that the effectiveness of
computers in the classroom heavily interacts with other developmental factors, such as
gender. Thisand other factors would need to be carefully controlled for in astudy in
order to draw any significant conclusions about the two age levels (Niemiec & Walberg,
1985).

This might lead one to wonder whether more dynamic applications of technology
would be more effective. Li’s (2008) study of thistopic included the use of video
conferencing, while working with 35 femal e students from two ninth grade classes over a

three year period. This study found that students gained new perspectives on the
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application of personal interest and career options connected to the math and science
fields when technology is integrated into a classroom in a dynamic way, as opposed to
just drill.

This point was also previously stressed in Schacter’s (1999) review of researchin
CAl, integrated learning systems technology, simulations and software that teaches
critical thinking, collaborative networked technol ogies, and design and programming
technologies. His analysis showed the implementation of these technologies increased
student achievement, but that there needs to be a clear intention in how the technol ogy
will be used in the classroom; specifically the technology needs to have a connection to

an educational goal, and not be used for the sake of being used (Disney et al., 2013).

Digital Divides and Student Socioeconomic Status

There are stark differences between low socioeconomic status (SES) students and
their higher SES counterparts (Disney et a., 2013). In one study, SES was the strongest
predicting factor asto whether or not technology would positively or negatively affect
test scores (Wenglinsky, 2005). Not only are there different approaches to implementing
technology in schoolsin general, but these appear to differ greatly between high and low
SES schools aswell. While the 1996 NAEP data indicates that poor students actually
worked with the computer in school more often (Wenglinsky, 1998), it was also found
that students in high-poverty schools use computers more for rote learning—a technique
referred to as “skill and drill” in alater study by Gorski (2009). This“skill and drill”
approach to technology use in the classroom was shown to have a negative impact on

academic achievement at all levels by Wenglinsky (1998).

22



Warschauer, Knobel, and Stone (2004) found five low SES and three high SES
schools in Southern California*“had relatively comparable numbers of computers and of
Internet-connected computers’ (p. 571). In the same study, within mathematics courses it
was observed that the high SES students were using technology for statistical analysis,
whereas low SES students used the technology for individualized drill and practice.

Such studies would seem to indicate the first digital divide—that of accessto
computers—is no longer much of an issue. After controlling for other variables, such as
school size, technologica confidence, and the presence of computers at home, Delen &
Bulut (2011) found that the student-to-computer ratio was not statistically significant in
predicting student performance in math and science on the 2009 PISA exam. Thistrend
of access has been corroborated by other studies as well (Warschauer, 2000; Warschauer
& Matuchniak, 2010). Unfortunately, these studies also found that higher SES schools
tend to utilize technology for simulations and critical analysis, while low SES students
experience less effective drill and practice (Warschauer & Matuchniak, 2010).

However, the differences are not always simply in the style of instruction.
Warschauer (2000) looked at two different schoolsin Hawaii, a college preparatory
school and another described as alower SES school. Both were seeking to do similar
technological upgrades, but implemented them with different visonsin mind. The
preparatory school helped their students work with the technology in a scientific
manner—using it in much the same way it would be used in aresearch laboratory at a
university. The low SES school set out to ensure their students had marketable skillsto
apply in the workforce. Computers were used for basic software training and in ways

more typically seen in business. This study did not necessarily observe alower quality of
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learning in the lower SES school; rather it was a different type of learning, custom
tailored to the student population of the school and the vision of the teachers and
administrators (Warschauer, 2000).

Clearly, the situation is not as simple as choosing the more effective program for
agiven school population. If it isalso a matter of choosing the school vision, this could
include programs such as tracking—which carries many issues of equity for the students
(Braddock & Slavin, 1992). Delen (2011) researched intra-class correlations in Turkey
by examining data from the 2009 Programme for International Student A ssessment
(PISA), “an internationally standardized assessment administered to 15-year-old students
(9™ graders) in schools” (p. 311). These results showed that most of the variability in
science and mathematics scores could be explained by the variability between schools,
rather than between social classes. It isworth noting, however, that this study was
limited to 9" grade students in Turkey, so the results may not generalize to other
populations or countries.

For those students with technology in the classroom, implementation can be easily
contrasted. Bottge, Grant, and Rueda (2010) had “atotal of 303 studentsin 18 intact
technology education classes at three middle schools in the Midwest [that] participated in
the study” (p. 85). Classes were either given coursework in a Business as Usual (BAU)
format or one of two versions of an Enhanced Anchored Instruction (EAI) for
mathematics skills. The EAI group either had concepts explicitly presented to them or
had concepts embedded with real world problems and projects. Students were asked to
solve problems in their computer program lessons. Results indicated students taught with

either version of EAI outperformed studentsin BAU in problem solving. Also, students
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in the EAI classes saw gains on key subsets of skillsincluding performance in reading a
tape measure and computing with fractions. In fraction computation, students in both
EAI groups scored higher on the posttest than studentsin the BAU classes. However,
only the students in the embedded concepts EAI group showed more improvement from
pretest to posttest than studentsin the BAU condition. The scores of studentsin the EAI
groups were higher on the posttest than on the pretest, but the size of their improvement
only approached significance compared to that of studentsin the BAU group (Bottge,
Grant, & Rueda, 2010). From this, one might conclude that both forms of EAI learning,
both explicit and embedded, outperformed traditional mathematics instruction at this
school.

Technology may also be used differently by students at different levels of
academic achievement. Nzuki (2011) looked at high achieving and low achieving
students from an Algebra Il course at alow SES high school and offered a glimpse into
students’ perceptions of the graphing calculator. A high achieving student blended her
mathematical and graphing cal culator knowledge to interpret the calculator results. On
the same problems, alow achieving student relied heavily on the technology, without
taking the time to understand what the problem was posing, nor stopping to interpret the
result computed from the calculator. The two students appeared to perceive the purpose

of the technology differently (Nzuki, 2011).

Technology Accessat Home
While studies have indicated that how technology in schools is used has an impact

on student achievement, thisis not necessarily the only access point for students. For
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example, according to a study of 9" grade studentsin Turkey, “technology usage at
school was found to be aweak predictor of math and science achievement” on the 2009
PISA exam (Delen & Bulut, 2011). The same study found the presence of internet
connected technology at home to be a strong predictor of performance in math and
science. However, this study took place at a time when home computer access was quite
common. Obviously, home technology access has changed over the past few decades.
For thisreason, it isinformative to examine the research over this period for changesin
findings.

In the 1990s, home computers were becoming more widespread. However,
Wenglinsky’s 1998 study of 1996 NAEP data found that fourth graders with a computer
at home and access at school had lower math scores on the NAEP exam than their peers.
Earlier, Giacquinta, Bauer, and Levin (1993) had hypothesized this performance decline
may result from the fact that students used the computer for games and word processing,
rather than utilizing it as a supplementary learning resource for computer-aided
instruction.

Of course, another component of the situation may be familiarity with technology.
Attewell and Battle (1999) found that students from more affluent families had greater
success with the technology in home versus their lower income counterparts. Similarly,
Wenglinsky found the “frequency of home computer use was positively related to
academic achievement and the social environment of the school” (Wenglinsky, 1998, p.
5). Of course, other factors surrounding home computer use determine its effectiveness
on student achievement as well.

Due to the high cost of home computers at the time, there were interactions
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between the device' s presence and other factors of the digital divides such as SES,
gender, and race. Wenglinsky (1998) found, after reviewing NAEP data from 1996, “for
both eighth- and fourth-graders, that black students were less likely to have accessto a
home computer than white students” (p. 3). For the fourth-graders however, of the
African American students with access to a computer at home, 53 percent indicated on
the NAEP that they used the computer once aweek, if not more (Wenglinsky, 1998). He
also found the type of computer use at home isimportant, and that the rural-urban divide
may also be afactor. Wenglinsky (1998) stated in his analysis that students from poor,
urban, or rural areas did not have the same sort of access to a home computer as their
more affluent, suburban peers. In the same study, he aso found that students with alow
SES background and access to a home computer, use it just as much as, if not more often
than, their higher SES peers.

Not surprisingly, most of these issues still exist today in one form or another,
despite the changes that have taken place as home computers and smartphones have
become more commonplace. It islikely still the case that there is an interaction present
between computer use at home, math and science performance, and age. For example, in
astudy by Warschauer & Matuchniak (2010), a positive relationship was observed
between home computer use and mathematics scores for eighth graders. They also
concluded from their review of youth technology use that computer use at home, rather
than at school, has a greater impact on academic outcomes. Teenagers with accessto a
computer at home were 6-8% more likely to graduate from high school than teenagers
without a home computer. Thiswas determined after controlling for family income, race,

and parental education (Warschauer & Matuchniak, 2010).
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However, racia factors also play arole in home computer use and access. A
2009 literature study revealed African Americans and Latino people are more likely to
use computers for entertainment purposes outside of school (Gorski, 2009). Thereisalso
the issue of internet access, which can vary widely in cost and quality. Warschauer &
Matuchniak (2010) found that Latinos had a much lower rate of internet access compared
to other groups and hypothesized that it may be attributed to language barriers. They aso
found that home internet access has grown steadily among U.S. households over the past
couple of decades, but that the largest gap in regards to internet access is between income
and educational attainment (Warschauer & Matuchniak, 2010). However, more
widespread access to smartphones has already begun to change this dynamic in recent
years (Yardi & Bruckman, 2012).

Other non-school sources of computer access are libraries and community centers.
Warschauer and Matuchniak (2010) found that 50% of youth report accessing the internet
at libraries or friends' homes and less than 10% get their access at community centers.
Those students who use computers at either the library or community center must also
handle the additional hurdle of wait time and time restrictions with the technology.

These sorts of inconveniences are often an overlooked barrier to access. As Gorski
(2009) putsit, accessis defined too broadly when only referring to physical access.

The previously mentioned review of studies by Warschauer & Matuchniak (2010)
found that home computer use experiences were greatly affected by SES and
recommended mentors and peer models at school to assist these students. This
recommendation was the result of their observation that low-income and immigrant

students have fewer friends and relatives that are “ sophisticated users of digital media’
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(Warschauer & Matuchniak, 2010). They suggest community centers may be more adept
than libraries at supporting students with access to mentors and more advanced
technologies to “ devel op authority through media use and mastery” (p. 211). Even
twenty years earlier, it was documented that the attitudes and abilities of a child’'s parents
and siblings use of technology play arolein how successful achild isin the realm of
education (Giacquinta, Bauer, & Levin, 1993). This may be yet another factor in the
explanation as to why low-SES students show little progress in test score achievement
(Disney et d., 2013).

Of course, student interactions with tablet computers have developed differently
in recent years than they did with desktop computers in the previous decades. When
desktop computers were first appearing in schools, the devices were quite expensive—
often several thousand dollars. It was not uncommon for students to first encounter these
devices in the school environment, years before prices fell and home computers became
more prevalent (Kafai & Sutton, 1999). Asthis occurred, increasing numbers of students
entered the classroom already familiar with the technology. In the case of the iPad
however, the exceptional popularity and swift adoption of the device has been
astounding.

Perhaps attributable to initial costs in the hundreds of dollars as opposed to
thousands of dollars, since the iPad’ s introduction in 2010, it is estimated that 7 million
of the devices have been sold to education in the U.S. (Dilger, 2014). However, thisis
dwarfed by the 200 million iPads Apple reports they have sold in total, with an estimated
80 million sold in the U.S. aone. Thisis not even considering the other 600 million

iPhones and iPod Touchs they have sold, which run the same iOS operating system. In

29



addition, Google reports they have activated over 900 million Android-based devices to
date (Ingraham, 2014). It istherefore not surprising that most students have already
encountered some form of mobile touch-based technology before they reach the
classroom. Given the overwhelming popularity of mobile games, it isalso likely their
primary experiences with such devices were entertainment related, rather than
educationally based (e Silva & Hjorth, 2009; Furini, 2007).

It should be noted, however, that technology in the classroom and at home does
not strictly indicate the success or failure of studentsin mathematics. AsNzuki (2011)
notes. “While the use of technology can augment students' learning of mathematics,
their mathematical knowledge can foster the acquisition of more knowledge of
technological tools” (p. 36). Therefore, asimportant as the digital divides may be the
role of technology in the classroom aso depends on the mathematical knowledge of

students and other factors such as their beliefs and attitudes toward mathematics.

Student Attitudestoward Mathematics and Technology

It has been the hope of many that having computers and mobile devicesin the
classroom would help to increase student engagement with and attitudes toward
mathematics (Vu, Mclntyre & Cepero, 2014). Indeed, there have already been
indications thisisthe case. For example, in acontrolled study by Riconscente (2013), an
iPad application called Math Motion, atilt-based game that has the player place afraction
between two points on a number line, was given to fifth grade students at two separate
Los Angeles schools. While intended as a means to teach the beginning concepts of

fractions, it was found that the application hel ped solidify students’ understanding, which
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also improved students’ attitudes toward the concept (Riconscente, 2013).

Of course, student attitudes toward the technology and mathematics will have a
large effect on the success of the devices in the mathematics classroom. Ifenthaler &
Schweinbenz (2013) found that students’ attitudes had the greatest effect on acceptance
of new instructional technology, followed by facilitating conditions, performance
expectancy (“the individual belief that using a specific technological innovation will help
to improve job performance’) and social norms.

In the U.S., many students report negative attitudes toward mathematics, despite
the efforts of Science, Technology, Engineering and Mathematics (STEM) advocates to
encourage student interest and performance in this areain recent decades (Greene,
DeStefano, Burgon & Hall, 2006). However, this performance is typically measured by
means of timed standardized tests. Student performance on these types of testsis
influenced by “awide variety of motivational and affective factors such as test anxiety,
risk-taking preferences, cognitive style, and confidence in one's abilities” (Eccles &
Jacobs, 1986). In astudy by Eccles & Jacobs (1986) they found that “social and
attitudinal factors’ had a greater influence on junior and senior high school students
grades and enrollment in mathematics courses than differences in their mathematical
aptitude.

Historically, another factor in play here is math anxiety, which can affect student
performance and is very highly and negatively correlated with perceptions of math ability
(Fennema & Sherman, 1976; Wigfield & Meece, 1988). Some researchers have even
found that gender differences in mathematical achievement and attitudes can perhaps be

attributed to gender differencesin math anxiety (Eccles & Jacobs, 1986; Wigfield &
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Meece, 1988). Math anxiety should be conceptually distinguished from mathematics
ability. The components of math anxiety are similar in all age groups and genders. Two
main components are negative affective reactions—such as fear, nervousness, and
discomfort—and worry about doing well in mathematics. Wigfield & Meece (1988)
found that while boys and girls did not differ in their reports of math worry (indicating
they were equally concerned about doing well in mathematics), girls were much more
likely to experience more “ negative affective reactions to math class’.

Further complicating matters, student attitudes toward mathematics are also
formed by “the gender-stereotyped beliefs of parents,” the value parents place on the
subject, and their perception of the difficulty of mathematics. Parents' beliefs may even
have alarger effect on students mathematics grades than the students' attitudes (Eccles
& Jacobs, 1986). All of these beliefs are influenced by media reports attributing gender
gaps in mathematics to innate or biological factors.

One hope of supporters of digital technology integration is that these devices will
have a positive effect on student attitudes and perhaps alleviate some of the components
of math anxiety. Unfortunately, negative student attitudes toward mathematics are often
well formed by the end of the early years of schooling (Larkin & Jorgensen, 2014).
Some studies have found that technology can be used as a resource, motivator, and
facilitator of communication. Such qualities can help support students with math anxiety
and other emotion disturbances (Hak, 2014; Haydon et al., 2012; Larkin & Jorgensen,
2014). Thesetypes of emotional issues can often have a strongly negative effect on
student performance in all subject areas, including mathematics (Haydon et al., 2012).

Even if technology only provides teachers insight into student perceptions and feelings
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about a subject by means of providing a more private and intimate means of gathering
student journals, the benefit to teacher understanding of student attitudes could help to
improve the classroom experience (Larkin & Jorgensen, 2014).

Another concern, regarding student attitudes toward technology specifically, is
that these attitudes may also be established at ayoung age. However, this may not
necessarily be the case. For example, arecent study of university student attitudes
toward digital textbooks on e-reader devices found that after a couple of years, students
were growing used to digital textbooks. Even over the two years of the study, the
researchers noted marked shifts in student attitudes toward the technology. The first
students to use the devices generally felt that students were two generations away from
readiness to use digital textbooks—that is, they envisioned it working for students
currently in elementary school, but not for generations closer to their own age (Weisberg,
2011).

However, after only two years, in the new class of students, many preferred the e-
textbook to a paper textbook. They found the ability to use the electronic reader
wherever they were and easily carry it to be valuable. Of course, this group of students
benefited from two years of technological advancements in the swiftly iterating market of
e-readers, as well as decreases in the prices of the devices over that time. Weisberg
(2011) found that the cost of the devices, the perceived impact of the devices on their
learning, and whether they are assigned or recommended by the instructor were the major
factors driving student acceptance of the devices. He also “demonstrated that there is no
impact on the students’ |earning through the use of digital textbooks versus traditional

textbooks; there is neither increased nor decreased learning of the course content”
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(Weisberg, 2011).

Technology Use and the Teacher
However students may feel about technology, its success in the classroom is
ultimately dependent on how it isimplemented by the teacher. These concerns have been
around since the first appearances of computersin classrooms. For example, over 40
years ago, chemistry educators were concerned that students would be able to collect data
and use a computer to immediately obtain the slope and intercept from alinear regression
without having to perform all the requisite calculations (Y oung, 1970). Young
suggested “that neither the mindless nor the sadistic approach represents effective use of
acomputer” and that itis
too easy to use computersto only evaluate smplistically correct answers, itis
almost as easy to write routine intrinsic programmed instruction and call it
computer-assisted instruction. Indeed, it is true that no professor can teach; that is
the task we set to the student, each one, on hisown. But we can help our students
in their work best by working harder ourselves to put imagination as well as our
own right answers into the computer for our students to use. Unless we supply our
own version of imaginative utility, we cannot require the student to do the same,
later. (p. 759)
His conclusion rings so true today that one wonders what progress has been made at al in
implementing technology in the classroom. Specifically, it touches on the core issue of

teacher preparation and use of technology. Simply using it to replace mechanical



procedures or to check student work will change the learning experience, but not
necessarily student understanding and comprehension (Wenglinsky, 1998). In order for
thisto occur, “imaginative utility” isrequired on the part of the educator to take students
further than was previously possible.

Decades later, Warschauer & Matuchniak (2010) concluded that educators needed
to focus more on the integration of technology and adopt a dual-approach pedagogy to
teach both basic and advanced skills at the same time. 1n addition, assessments need to
change to be less about basic skills and more about performance in 21% century
applications based on the technology. All too often teachers feel they are forced to “teach
to the test” as aresult of time constraints, resulting in alack of incentive to integrate
technology more deeply into the curriculum (Warschauer & Matuchniak, 2010). Ina
study of grade 2-5 classesin New Zealand, Williamson-Leadley & Ingram (2013) found
that the iPad app Educreations could be used to challenge traditional forms of assessment.
Educreationsis a“digital whiteboard” that supports multiple slides, making notes, and
real-time sound recording integrated into the animation of the student’swork. This study
found that students were more engaged and motivated with the app versus traditional
worksheets and that teachers could use the recorded assessment to promote dial ogue by
going back and forth through the student’ s thinking—rather than being confined to the
single completed answer on a piece of paper (Williamson-Leadley & Ingram, 2013).

This provided teachers with a more effective formative assessment option.

Thereis also hope that iPads and similar devices will contribute to the

development of evidence based learning and teaching (Melhuish & Falloon, 2010).

Scientifically based practice has been pushed to the forefront of the attention of the U.S.
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educational system with the passage of the Elementary and Secondary Education Act
(ESEA or No Child Left Behind) in 2001 (Slavin, 2002). According to Slavin, this
legidlation defines “‘ scientifically based research’ as ‘rigorous, systematic and objective
procedures to obtain valid knowledge,” which includes research that *is evaluated using
experimental or quasi-experimental designs,’” preferably with random assignment”
(Slavin, 2002, p. 15). While thisis perhaps more rigorous than some education research
performed today, it is really only an extension of the best research being performed in the
field.

More transformative however, is the subsequent movement toward true evidence
based education. Evidence based education is an approach to all aspects of education—
from policy-making to classroom practice—where the methods used are based on
significant and reliable evidence derived from experiments (Petty, 2006). Properly
implemented, it could bring about the sort of scientific revolution that has already
occurred in industries such as medicine, agriculture, transportation and technology
(Slavin, 2002).

Probably the easiest analogy to draw with evidence based education is with the
current state of medicine in the U.S. In recent decades, modern medicine has “leapt
forward” by moving from a field dominated by “eminence, charisma, and personal
experience’ to one in which randomized trials are employed to determine what treatments
are the most effective (Goldacre, 2013). The essential ideais to randomly assign subjects
to experimental or control groups, rather than have other external factors determine the
groupings. The danger in doing so is that confounding variables such as socio-economic

status, gender, attitude, age, illness, or any number of other factors, could play arolein
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the determination of the groupings and mask any effect of the treatment being tested
(Goldacre, 2013). Infact, this has become so entrenched in modern medicine that most
informed patients would be hesitant to undergo a treatment that had not been found
effective though statistical analysisin controlled randomized experiments. However, this
revolution in medicine almost entirely passed over mathematics education, and has | eft
the field jumping from fad to fad over the years as political pressures shift and new
standards are introduced to “fix” the system, with little to no scientific evidence to
support the claims made their writers (Melhuish & Falloon, 2010; Slavin, 2002).

The randomized experiment is considered by many to be the defining quality of
evidence based education. From a statistical standpoint, the ability to randomly assign
students, classrooms, or schools to experimental groups helps to reduce error by reducing
the effect of confounding variables. One could say it isarequisite quality of a study if
one seeks to explore causation rather than correlation (Carnoy, Kilpatrick, Schmidt &
Shavelson, 2007). However, there are ethical implications to consider when assigning
students to different educational treatments—the idea of students somehow being treated
unfairly and not receiving the same quality of education is unsettling to many parents and
educators. It isamistake to assume new treatments are always better; it is entirely
possible the new program will be ineffective, perhaps even detrimental, with respect to
student mathematical learning. From a scientific standpoint, thisis a necessary risk to
take for progress—certainly in the medical field this has proven to be entirely
worthwhile.

A more ethically satisfying approach would be the use of natural experiments. A

natural experiment is an empirical study where the participants are chosen by forces
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outside the observer’s control, such as nature or some other authority, but the grouping
reasonably approximates random assignment (Glymour, Kawachi, Jencks & Berkman,
2008; Rutter, 2007). Certainly an advantage of this type of natural experiment would be
the likelihood of it occurring. For example, aresearcher would be much more likely to
be granted access to teachers who happened to be trying a new textbook than to be
allowed to randomly assign students to an experimental class intended to test it.

A third option for experimental design that is similar to anatural experiment isan
observational study. An observational study is also describing a situation where the
treatment groups are determined outside the researcher’ s control, but without an
assumption of randomization, natural or artificial. Thisisan extremely common type of
study dueto itsless intrusive and more direct nature (Tashakkori & Teddlie, 2003, p.
315). An advantage to thisdesign is that there are far fewer ethical issues, as the
decisions were not made for experimental purposes but were implemented for reasons of
productivity and student achievement. Obviously a disadvantage of thistype of study for
the purposes of evidence-based education is that there is no randomization of subjects
between groups, so any analysis of gathered data may just as easily be revealing the
effect of alurking variable asiit is studying the effect of the treatment (Melhuish &
Falloon, 2010; Slavin, 2002).

Internet-connected devices such as iPads and tablets allow researchers to pursue
all of these research designs in new ways. Many apps, such as Addimal Adventure or
Splash Math 2™ Grade, offer backend services to teachers where student performance
datain the app can be accessed via an online dashboard or reported by email (Carpenter,

Pagar & Labrecque, 2013). This connectivity combined with automatic updating could
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alow for randomly assigned experimental groups to test different variations of app
design for effects on mathematical performance. For years, this sort of A-B testing has
occurred on websites to improve user experiences and website performance (Kohavi,

L ongbotham, Sommerfield & Henne, 2009). While natural experiments may still depend
on naturally occurring groups, the ability to possibly gather data from many different
classrooms across the country simultaneously opens up the possibility of larger sample
sizes and comparisons that would have been difficult to draw otherwise. Observational
studies can be improved due to the sheer amount of usage data that could be collected by
iPads—student recordings, input logging in apps, and navigation patterns, among other
signas (Dalton, N., Dalton, R., Holscher & Kuhnmtinch, 2012).

However, teacher use of educational technology is not simply determined by the
presence of the technology—it is largely dependent on beliefs and attitudes toward it, as
well as the technology training provided to the teachers. Attewell (2001) suggests that
rather than treating teacher training as a“third digital divide,” it is perhaps better to
consider it under the umbrella of the second digital divide of use. While Attewell (2001)
discusses use morein terms of race and SES and how it interacts with home and school
use, thisisintegrally tied to how the teacher uses technology in the classroom. However,
thisin turn is dependent upon the level of teacher knowledge, beliefs and attitudes

regarding technology and mathematics.

Teacher Attitudestoward Mathematics and Technology
It is easy to overlook possible bias when describing teaching; in fact, one could

argue this mistake is often made by school administrators, policymakers, politicians and
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researchers alike. This appliesto new educational technology as much asit doesto the
subject matter of mathematics. If teachers see potential in new technology and have
sufficient training and resources to implement it effectively, then it may benefit student
learning and achievement. The results will be far different if they believe the technology
to be an ineffective distraction and either barely useit or ignoreit entirely (Vu et al.,
2014). Any new technology initiative must address teacher beliefs regarding how it
should be integrated into the curriculum (Ertmer, 2005). Previous research on teacher
beliefsin general can provide aframework into which technology can be integrated.
Teacher beliefs are one of the hardest aspects of practice to change, yet we ask for
this change with nearly every new set of standards or assessments that is thrust upon
educators (Philipp, 2007). What the beliefs held by teachers are and how they align with
the upcoming Common Core State Standards for Mathematics (CCSSM) will in large
part determine the success of the initiative behind these new standards (Langton, 2014).
Of course, one must first make the case that teacher beliefs are important in
educational practice. Many policymakers seem to view teaching like any other job—
there are clear tasks to perform, standard operating procedures to follow in performing
them, and desired outcomes that result from this work. Anyone who has taught knows
the situation in the classroom is more fluid than this, and there are often a multitude of
approaches to any particular topic. In the current “age of accountability”, teachers must
avoid simplicity in their teaching (Cochran-Smith, 2003). That is, somehow educators
must strike a balance between teaching material too simplistically—which may lead to
higher standardized test scores—and focusing too much on certain areas of mathematics

to the detriment of others—which may artificially deflate test scores. Of course, many
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have concluded that standardized tests are often a poor measure of mathematical aptitude,
but in the current political environment they are unavoidable (Eccles & Jacobs, 1986;
Cochran-Smith, 2003).

There are many types of teacher-assessment belief interactions, since teachers
hold beliefs about many aspects of their craft. Without taking the time to examine each
in depth, it isworth considering that a teacher likely holds beliefs about the importance or
relevance of the material, the effectiveness of the textbook, the abilities of the students,
pedagogical strategies, expectations of parents or administrators, and the quality or
importance of the assessment (Fang, 1996). Due to the sheer number of possible
individual types of beliefs, it is perhaps more efficient to consider how beliefs may be
conceptualized and organized by different theoretical frameworks.

To illustrate some of the differences in these frameworks, one might compare and
contrast the models proposed by Ernest (1989) and Copes (1982). Ernest’s model for the
teacher’s mind has three major components: Knowledge, Beliefs, and Attitudes. Eachis
further subdivided into categories. A teacher’s knowledge must encompass more than
simply the mathematics being taught. According to Ernest (1989), an effective teacher
must have knowledge of al the following areas.

e Mathematics

Other subject matter

Teaching mathematics
= Mathematics Pedagogy

=  Mathematics Curriculum

Classroom Organization and Management
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e Context of Teaching Mathematics
= School Context
=  Students Taught
e Education
= Educational Psychology
= Education
* Mathematics Education
A teacher’ s beliefs are described as their conception of the nature of mathematics, models
of teaching and learning mathematics, and principles of education (Ernest, 1989). A
teacher’ s conception of the nature of mathematicsis a belief system concerning the
subject as awhole—Ernest describes three possible views
¢ Problem-solving view—mathematics as a dynamic, problem-driven subject
e Platonic view—mathematics as a static collection of structures and truths
e Instrumentalist view—mathematics as a useful but unrelated collection of
facts, rules and skills
Ernest (1989) also describes the range of different models of teaching mathematicsin a
simplified form, noting that these are often of utmost importance in implementing
curricular reforms:
e the pureinvestigational, problem posing and solving model
e the conceptual understanding enriched with problem-solving model
e the conceptual understanding model
e themastery of skills and facts with conceptual understanding model

e the mastery of skills and facts model
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e theday to day survival model
His range of models for learning mathematics is more focused on the learner, but from
the point of view of the teacher’s perception of the student:

e child's exploration and autonomous pursuit of own interests model

e child's constructed understanding and interest driven model

e child's constructed understanding driven model

e child's mastery of skillsmodel

e child'slinear progress through curricular scheme model

e child's complaint behavior model
Ernest’ s principles of education are quite general values held by the teacher, and are
supported by their models of teaching and learning. Some examples might include

e acommitment to giving every child the experience of success and confidence

in mathematics

e acommitment to the preparation of critical thinking and numerate citizens

e abelief that every child can be creative and original in mathematics

e arespect for each child's own mathematical knowledge
As Ernest notes, while ateacher’ s principles can have a powerful effect on their overall
thought process, their level of integration with the whole of the models and beliefs
determines how effectively those principles are enacted (1989). Ernest (1989) divides a
teacher’ s attitudes into two main categories. their attitude to mathematics and their
attitude to teaching mathematics.

An alternative approach to modeling teacher beliefs, attitudes and knowledge is

presented by Copes (1982) and is based on Perry’ s stages of |earning development. In
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this framework, all three are combined into the teacher’ s * approach” —perhaps more
accurately, one might say it focuses on beliefs. Whereas Perry’ s theory had nine
positions “from which persons view aspects of their worlds,” Copes (1982) condenses
them to four stages:

e Dualism (or absolutism). Every question has an answer—it is the authority’s
job to know it.

e Multiplistic. Thereare many views, all equally valid. Thisissimilar to fin de
siecle formalism.

e Relativism. Not al opinions are equally good. The judgment of quality is
based on standards such as validity, internal and external consistency, and
context.

e Commitment (or dynamism). Magjor life decisions “can be made only on the
basis of uncertainty”, “aperson’s knowledge is something that he or she must
build alone” with all available sources of knowledge as guideposts (Copes,
1982).

These stages are intended to represent a student’ s transition through knowledge. The
challenge to ateacher isto identify what stage a student isin and determine the best
approach to move them to the next stage. As Copes notes, these stages mirror the
historical development of a subject area, and the material in mathematics textbooksis
often presented in the reverse order (Copes, 1982).

At first glance, these two models seem quite dissimilar—Ernest’s model is much

more focused on individual aspects of learning and teaching in the mind of the teacher,

whereas Copes model is built around responsiveness to student attitudes and perceptions



of mathematics and encourages a pedagogy based on thisinformation. However,
Ernest’ s core conceptions of mathematics are quite similar to Copes’ stages of
development.

Following this lead and viewing the model s as somewhat nested, the two are not
so much competing models, as they are alternative approaches to describing the entire
teacher-student belief interaction. Whereas Ernest seems more centered on the teachers
metacognition on mathematics instruction and how this might affect practice, Copesis
more student-centric in the determination of a teaching strategy to move a student to the
next developmental stage in the model. Copes' framework provides a goal toward which
students can be moved, but is subject to the standard psychological critique that staged
models are often overly simplistic. It isalso possible that it underappreciates the sheer
impact of the teacher’ s beliefs on the students' learning, in both cognitive and affective
ways. AsErnest (1989) putsit, a student’ s learning experience can make the difference
between “a student who is an interested, confident, skilled and autonomous problem-
solver, at best, to one who is a disenchanted, non-numerate mathephobe, at worst” (p.
24).

It isimportant to understand teacher attitudes toward mathematics, as studies have
shown that these attitudes can affect student performance in the subject. After all,
elementary teachers were once students in mathematics courses, and their feelings toward
the subject developed therein often persist in their teaching. In fact, many teachers may
gravitate toward the early grades due to personal anxiety around mathematics (Beilock,
Gunderson, Ramirez & Levine, 2010). Ina2010 study, Beilock et al. found that math

anxiety in female teachers carried negative consequences for the math achievement of
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student students. Thisis particularly worrisome considering that early grades teachersin
the U.S. are predominantly female, and the other issues of gender inequity in
mathematics previous discussed. However, it should be noted that ateacher’ s attitudes
toward mathematics can change over time. For example, Bonner (2006) found that
teachers, who suffered from math anxiety and had begun to dislike teaching the subject,
began to enjoy teaching it when using a new problem-solving based approach.

Missing in these frameworks is the specific role of technology in mathematics
education and how itsimplementation is affected by teacher knowledge, beliefs and
attitudes. The integration of technology often fails due to alack of acceptance by its
potential users. By better understanding the factors influencing its acceptance, one might
improve the chances of “sustained integration” in education (Ifenthaler & Schweinbenz,
2013).

In the media, there are often reports of the positive impact of iPad usage on
teaching and learning, but there are also failures. This has led to a debate about whether
or not such devices will revolutionize mathematics education (Vu et al., 2014). Intheir
study of teacher attitudes toward using the iPad in classrooms, Vu et a. (2014) mentions
three distinct advantages of iPads:

e Providing teachers with opportunities to transition from long-term projects
which incorporated software-specific projects with a steep learning curve to
smaller scales, app-based learning tasks.

e Allowing teachersto test drive and learn about appsin just aday or so, as

opposed to many days spent learning new software.
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e Allowing for the portability and kinesthetic interactions that traditional
desktop or laptop computers could not offer.
All of these advantages speak to the issues teachers found with implementing technology
in the past, as discussed in the second digital divide above. Issuesof complexity,
inconvenience, flexibility, and student engagement are addressed by the new
technology—although they are certainly far from being solved. With thisin mind, Vu et
al. (2014) also note afew disadvantages of iPads:

e The slow finger-typing actually made written course work more difficult.

e Thetablets were great for enjoying media and allowed learners to share
readings, but teachers could not use them to mark-up material on the fly and
show changes to learners in response to their questions, atype of interactivity
that was a major thrust in pedagogy.

It isyet unclear whether these advantages and disadvantages will be enough to
change teacher beliefs and attitudes toward tablet technology. Researchers have found
that technology has been accepted at varying levelsin classrooms, but without “a clear
understanding of how and why teachers accept or reject technology in classroom practice,
the full integration of technology as advocated by constructivism” is difficult (Ifenthaler
& Schweinbenz, 2013). It may be the technology is more often deployed to be a useful
accommodation for students with disabilities. For example, pupils who couldn’t hold a
pen were able to use a keyboard to write (Ifenthaler & Schweinbenz, 2013).

Teacher attitudes toward technology can also be affected by the type of
technology initiative under which they are working. 1n a 2014 study of teachers' attitudes

toward using the iPad in the classroom, Vu et a. found that on average teachers thought
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the use of the iPad in the classroom was somewhat useful (2.75 out of 5.00). It should be
noted that there were three different models of iPad implementation in this study. Some
teachers had 1-1 device programs (each iPad to each learner), others had each iPad to
each group in the classroom, and some had only the teacher with an iPad.

Despite this lukewarm evaluation of the iPads usefulness, the teachers all
indicated that they would recommend their colleagues use it in their classroom. Vu et al.
(2014) explain this contradiction by noting that the teachers who rated iPads as the least
useful were those who only had one iPad in the classroom. Perhaps they realized the
device had promise if more were available, but as a standalone device being used only the
teacher, it was not useful (Vu et al., 2014).

It isfair to say that most teachers are unsure about how effective mobile
educational technology will be in the classroom. Even in cases where participants
assume a positive impact, their opinions are based on assumptions rather than on secure
knowledge and experience (Ifenthaler & Schweinbenz, 2013). What isclear isthat in
order to even attempt the successful integration of this technology, teachers require a
smoothly running technical infrastructure and professional supportsin the classroom

(Ifenthaler & Schweinbenz, 2013; Vu et d., 2014).

Teachersand Technology Professional Development

While one aspect to consider in the use of technology in mathematics education is
the availability and use of technology resources to schools, attention must also be paid to
the quality of the equipment and the level of access teachers have to use those technology

resources as alearning tool in their classrooms. Technology resources located in
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classrooms greatly increase student access to technology. When paired with teachers
who are comfortable and competent with technology, there's an increase in student use of
technology in education. Norris, Sullivan, Poirot and Soloway (2003) reported “a
significant and substantive correlation between technology access and use, amost
without exception, the strongest predictors of teachers' technology use were measures of
technology access’ (p. 16).

In this areq, the situation has changed somewhat over the past few decades. It
was once the case that computers were only available in computer |labs—now, they are
more often available in the classroom. However, it is still the case that many schools
depend on computer labs, due to funding constraints. Removing technology from the
classroom and placing the technology resources in laboratories seems to overwhelmingly
decrease student use of those resources, as well as decrease the sophistication of
education they receive when using the technology. Teachers who must take their students
to computer labsin order to provide access to the technology resources present in the
school are much less likely to use or require technology resources in lesson plans,
classroom activities, or homework assignments (Smerdon et al., 2000). In one study at
the fourth grade level, at least one third of the classroom use of technology was directly
geared toward lower-order learning activities with 54.5% of fourth-grade teachers
reporting learning games as the primary use; 35.9% reporting drill and practice; 7.5%
reporting simulations and applications, and 2.1% reporting “introducing new topics’
(Wenglinsky, 1998, p. 21).

However, there's possibly great disparity in the amount of higher-order activities

in learning games compared to the traditional drill and practice of mathematical skills.
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Wenglinsky (1998) saw alarge portion of fourth grade mathematics as being structured
toward lower-level learning. In fact, this even varied by region; Wenglinsky (1998) noted
that students from the Northeast and West and from urban or rural areas were more likely
to receive higher-order activities than students from Southeast or suburban areas. In the
same study, at the eighth grade level over half of the classroom use of technology was
directly geared toward lower-order learning activities. Drill and practice was most
frequent (34.3%), playing learning games (29.2%) was followed closely by simulations
and applications (27.2%), and only 9.2% of teachers reported that their primary use of
technology was to introduce new topics (Wenglinsky, 1998). From these data, the eighth
grade students appear to be receiving less higher-order instruction aided by technology
than the fourth grade students. Similarly, the differences between geographic regions
grow at the eighth grade level. Wenglinsky (1998) reports significant differences in the
levels of higher-order activities across all areas (Central, Northeast, West and Southeast),
aswell as across suburban, urban, and rural aress.

A natural concern isthat the fourth grade teachers in this study may lack the
resources or training to be able to take the use of technology in mathematics beyond a
game. Socioeconomically disadvantaged students may have teachers who are less skilled
in the use of technology. Wenglinsky (1998) noted the 1996 NAEP results suggested
“that disadvantaged groups, to some extent, receive less exposure to teachers well
prepared in technology use than do other groups of students’ (pp. 20-21).

The explanation as to why these teachers are less prepared in technology use
likely has many facets. One reason could be that they are new educators who are already

familiar with technology. After all, it iswell known that low SES schools often have
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high turnover rates and this can lead to many new teachers in the classroom (Rumberger
& Thomas, 2000). Perhaps, due to an overestimation of their own knowledge, they do
not take advantage of professional development for technology. Another reason could be
they are dissatisfied in their work environment and because of that are uninterested in
pursuing more training (Little, 1990; Lieberman, 1995). Of course, the reason could aso
be that the training ssimply isn’'t offered by the school or district, or that it isso minimal as
to have little effect on classroom practice.

After examining the quantity and quality of technology resources available to
educators and their students, one must consider how teachers are instructed to use
technology in their classrooms. Smerdon et al. (2000) report that “teachers' preparation
and training to use education technology is akey factor to consider when examining their
use of computers and the Internet for instructional purposes.” Teacher preparedness has
many layers, including professional development opportunities for teachers, the level of
technical support within the school, and teacher attitudes and beliefs.

Ready accessto quality professional development opportunities for teachers
within their geographic region correlates to educators participating in the devel opment
opportunities (Smerdon et al., 2000). Clearly, providing teachers with accessible
professional development training would increase the number of students who have
teachers who have recently received training. However, the level of the courseis
important aswell. Educators are more likely to have the opportunities to participate in
introductory courses for professional development, but are lesslikely to locate or

participate in more advanced courses (Smerdon et a., 2000).
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When educators are able to utilize these professional devel opment opportunities,
they report that, following the professional development training, they feel ready to
incorporate technology into their role as educators (Wenglinsky, 1998). From these
observations, it might be concluded that by increasing teacher access to technology
oriented professional development activities, classroom use of technology will
subsequently increase. However, Becker (2007) states that “ comfort with technology
does not necessarily translate into the ability to integrate technology into the teaching and
learning process’ (p. 29). Even if this does not necessarily directly translate to an increase
of integration of technology, it isonly logical to suppose that more opportunities for
professional development, coupled with a technology-related requirement for new
educators, would benefit teachers as well as students.

The studies referenced above were focused primarily on desktop computer usein
the classroom, and the issues of access observed throughout the 1990s and early 2000s.
One hopes schools have learned from those examples and that these lessons will inform
the implementation of iPad initiatives. However, in a2014 study, Vu et a. interviewed an
opportunistic sample of 21 teachers regarding iPad usage and the professional training
they received:

According to seven teachers in the same public school, except a formal training

session provided by an Apple sales representative, they did not receive any formal

training in iPad use. They had to resort to different sources to educate themselves
about how to use the iPad in the classroom. Six other teachers at a private school
reported that they did not have any training program or workshop before using it.

They all did attend a "tech camp™ in the summer to learn how to integrate a
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variety of technology into classroom. This "tech camp" did not cover the iPad use

and it was before the iPad was introduced into their school, so according to these

teachers, the "tech camp" was not considered as aformal iPad training. (Vu et al.,

2014, p. 62)

Thislack of professional development is a common refrain from teachers implementing
iPads for the first time in the classroom and it can be detrimental to their success. In the
same study, two teachers “even confessed that they did not have any plan to use the iPad
in the classroom during the semester, but because we asked for voluntary research
participation, they attempted doing so” (Vu et a., 2014, p. 67). This classroom
technology training also seemsto play apivotal role in how students perceive and use
technology (Disney et al., 2013).

Teachers benefit from professional development training activities by increasing
their technology self-esteem. Educators that are unfamiliar with current technology and
have very little professional development in the use of technology resources as an
educational tool may avoid technology and effectively operate in asimilar way to
teachers without technology resources in the classroom (Disney et al., 2013). In the past,
surveyed teachers who received professional development training in technology
indicated they felt adequately prepared to use technology in the classroom for
instructional activities (Smerdon et a., 2000). However, the implementation level comes
down to the comfort level of the teacher with the technology. With recent technological
advances in tablets, this comfort level can vary greatly depending on the teacher’s
knowledge of such devices. In astudy of the usefulness of iPads in teaching, teachers

who already owned iPads often found it fun to find and implement new apps in their
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classrooms, while teachers who didn’t already own one often didn’t know what apps
were available to them for specific lessons (Vu et al., 2014).

In astudy of five inner-city Chicago Catholic schools, Gibbs et al. (2009) found
that technology in-service trainings increased teacher understanding of specific
technologies and resulted in increased student use of and skillsin technology. However,
they also stressed the importance of in-service tailored to different skill levels, as teachers
with previously high levels of technological knowledge received little benefit from the in-
service trainings (Gibbs et al., 2009). As teachers use technology they build alevel of
competence and comfort tranglating to a positive view toward the use of technology in
the classroom. Thisis especially noticeable when the student achievement increases with
the use of technology.

Producing teachers who are proficient with technology, are able to attend
professional development activities, and are allowed or able to incorporate the technology
resources in the school to provide students with higher-order learning activities was
shown to significantly increase student performance in mathematics with desktops
(Wenglinsky, 1998). However, this continues to be a challenge for mathematics

education today, especially with changes to the technology and its capabilities.

Teacher Challengeswith Technology

Vu et al. (2014) reported in their study that the data from classroom observations
also indicated that “current teaching practice was largely ateacher-centered approach in
which learners roles were mainly information receivers, and the teacher's role was an

information deliverer. This practice was different from what researchers and educators



talked about as the complementary relationship between technology use in the classroom
and constructivism” (p. 70). They further identified the challenges with technology that
led to thisimplementation as

e lack of technology (many teachersin this study did not have the iPad in their

school, so they did not want to use it)

e lack of accessto technology (many teachers could not get access to the Apple

store to download and install apps for their teaching)

e lack of technical support (teachers had to manage to handle the iPad

themselves without any technical support from school)

e |eadership (teachers at a private school used the iPad more often than their

peers because they knew their school administrators expectation) (Vu et al.,
2014)
Integrating these findings with everything discussed so far, there are four main categories
of teacher challenges when it comes to integrating technology into the classroom.

Time. Using technology in the classroom takes more time than simply writing
notes on a board and lecturing to students. Between time spent on preparation before
class, on setup at the beginning of class, dealing with technical issues and on transitioning
to technological activities during the lesson, many hurried teachers resort to traditional
lecture practices in the interest of moving forward in the material. Exploratory or
discovery-based |earning using technology is especially time consuming and many
teachers may avoid it due to pressure to stick to a schedule.

Logistics. The smplereality of getting the technology and students together in

the same moment can be challenging on its own. While classroom calculator sets have
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become commonplace, classroom computers are often limited or obsolete. Computer
labs must often be scheduled and can disrupt the flow of alesson. Implementations of
tablets can vary from one device per student, one per group of students, or one per
teacher. Internet connectivity can be an issue, especially in rural areas with low
bandwidth or even urban areas where the usage is extremely heavy for the school’s
connection. Thisisn’'t even considering the coverage and quality of wireless internet in
the school, which is anecessity for any new tablet technology. Combined with
maintenance and repair of devices, there is significant logistical overhead in providing
devices to as many students as possible.

Quality of Experience. As classroom instruction becomes increasingly internet-
dependent, the infrastructure of a school and its impacts on connectivity and network
speed begin to have dramatic effects on the quality of the learning experience for
students. Excessive delays or lost work can damage the flow of alesson, and shift the
focus to technical problems and solutions rather than mathematical ones. The technology
can become a distraction, rather than an aid.

The quality of the Graphical User Interface (GUI) is aso of utmost importance,
especialy for students with disabilities or disorders (Cumming, Strnadova & Singh,
2014). A quality interface should provide full functionality and be as cognitively
transparent as possible. A perfect example is the telephone; when speaking on the
telephone, it is very easy to forget the phoneis there and to be speaking directly “at” the
person on the other end. Astouch and voice interfaces improve and evolve over the next
decade, more intuitive and anticipatory interfaces will allow devices to get out of the way

and mathematical content to take a more prominent role in any application.
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Sudent familiarity and equity. Students arrive in the classroom with many
different levels of technological knowledge and background. A legitimate concern is that
students with better knowledge of a device will get more out of instructional applications
on implemented on it. Unfortunately, if thisisthe case, it is connected to issues of equity
and access, as higher SES students are more likely to have exposure to technology at
home and students with no familiarity with the technology may not be able to progress as

far in the material as others.

Summary

In this chapter, many aspects of the successful integration of educational
technology into the classroom were discussed. All the challenges aside, it would appear
that technology presence in the classroom does in fact have a positive impact on
learning—at least in the context of computer based learning. However, a healthy dose of
skepticism is probably useful as well. Computers and tablets can be valuable tools for
practicing skills, but there are many limitations to their effectiveness. While many
excellent apps have been developed, many are little more than digitized flash cards, drill
and practice, or excerpts from atextbook haphazardly attached to a game. Also of
concern are student attitudes toward technology and mathematics, the corresponding
beliefs and attitudes of teachers, and professional development around technology. These
factors will determine the likelihood of successful and sustainable integration of
technology into classrooms. In the next chapters, attempts to measure many of these

gualitiesin the elementary classroom are described and reported. These results will
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provide interesting comparisons and contrasts to those presented above from established

literature.
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Chapter 3: Methodology

In this chapter, the research questions are discussed and the design of the study is
described to answer these questionsin second grade classrooms at an elementary school
with aone-to-one iPad initiative. The study population and background of the initiative
are described aswell. Quantitative techniques are used to measure student app
performance and iPad usage, and qualitative interviews are used to assess student and
teacher attitudes toward mathematics and technology. The basic mechanics and design of

two of the apps examined are described and discussed.

Purpose

The nature of this study was primarily observational. Given the unique
technological environment of and the lack of research in connected classrooms with one-
to-one deviceinitiatives, it is useful to learn more about students and teachersinvolved in
such initiatives and establish a“baseline’” measure for further research. By capturing a
picture of an active program to use as areference point, the information gathered serves
asasource for further questions that may be better answered by experimenting with
different treatments. Of course, one must consider that “prior conceptual structure
composed of theory and method provides the starting point for all observations’ and no
observational study can be performed without a certain amount of theoretical bias present
in the researcher (Creswell, 2013, p. 66).

As mentioned in Chapter 1, the research questions being investigated are:
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1. How doesiPad or other technology usage affect student and teacher attitudes
towards mathematics?
2. How does student performance in an app environment transl ate to
mathematics performance in more traditional forms of assessment?
3. How much timeis spent using iPads in the classroom and for what
instructional purposes are they used?
4. What issues are involved in implementation of the technology?
Overall, this study makes use of quantitative and qualitative components. Qualitative
methods, primarily interviews, were used to answer Questions 1 and 4, to obtain amore
personal, rich, and detailed qualitative understanding of student and teacher attitudes
(Creswell, 2013, p. 4; Tashakorri & Teddlie, 2010, x). Questions 2 was answered using a
guantitative description and analysis of student performance in mathematics and i Pad
usage, asthisistypically how performance is measured on standardized mathematics
assessments. Question 4 was addressed using quantitative methods, asits goal was

simply to gather usage data for reference.

Population Background

This study took place at an urban K-5 elementary school in Montana over afour
month period from October 2014 to February 2015. “Urban” in this caseis based on
recent U.S. Census data and the classifications described by the Rural Health Research
Center (Rural, n.d.). The school reported 82% of second graders as at or above average
on the Dynamic Indicators of Basic Early Literacy Skills (DIBELS) assessment for the

2013-2014 academic year. No student achievement assessments in mathematics were
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reported. The district’s 2013-2014 socioeconomic data show that 51% of the school
population was from low income families. The student body at this school year was
reported as being 83.7% White (Non-Hispanic), 9.9% American Indian, 2.1% Hispanic,
2.1% Asian, 1.9% Black or African American, and 0.2% Native Hawaiian or other
Pacific Islander. Thismirrored the race/ethnicity mixture in the classroom population
studied.

In the fall of 2012, this school launched a one-to-oneiPad initiative. This
program, primarily targeting studentsin grades 2 and 5, was made possible by the support
of an anonymous donor who was “interested in integrating real-world technology into
classrooms.” Approximately 150 iPad 2 tablets were supplied, along with Apple TVs
and charging stations for each classroom, a management cart and Macbook Air for device
administration, and Speck protective cases. The students were assigned iPads for usein
the classroom and allowed to take them home as well, for a $40 fee per student per year.
These fees were used to purchase apps and pay for repairs and replacements. The
donation did not cover network upgrades, wireless access points, app costs, or
mai ntenance costs.

The study population consisted of two classrooms (approx. 40 students) of
second-grade students (aged 6-7) and two teachers. These teachers were implementing a
“Walk to Math” program. During the daily, one hour math instruction period students
requiring Intensive & Strategic intervention (approx. 15 students) gathered in one
classroom, while the rest at or near Benchmark understanding (approx. 25 students)
gathered in the other. These numbers are approximate since students could not only

move between levels of Walk to Math, but transfers often occurred between schools as a
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result of families moving. Students who had to change classrooms carried iPads and

mathematics materials such as workbooks or pencils with them during the transition.

Data Collection

The researcher spent an average of four days each week volunteering in the
classrooms during daily, one hour mathematics lessons. Time was divided equally, with
two days spent in each of the two classrooms each week. In the final month of the study,
visits were restricted to two days per week (one in each classroom) due to scheduling
constraints.

This volunteering had several purposes. One was to become familiar with the
students and allow them to be more comfortable and forthcoming in the interview
sessions. Establishing good rapport with the students and teachers is important and might
help to minimize possible reactive effects (Tashakorri & Teddlie, 2010, p. 306). This
allowed the researcher to get much deeper responses to interview questions, as well as
possibly encouraged students to discuss weaknesses in math that they might not with an
unfamiliar adult. Working as a volunteer also helped to cultivate a symbiotic relationship
with the teachers. This provided compensation for the time and effort they expended to
accommodate the study and make the research possible.

While the researcher primarily worked with students individually or in small
groups, it was also possible to gather iPad usage data each day. The number of minutes
the class used the iPad each day was recorded, as well as the nature of the activity. The
appsin use, or made available for use by the teacher, were also recorded. Thistime each

day also allowed for the collection of student artifacts when possible from work on iPads.
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This generally took the form of screenshots of work or recordings of student problem
solving.

The primary qualitative component consisted of interviews with students and
teachers. Interviews were chosen over surveys of attitudes due to the depth of
information available from an interview (Creswell, 2013, p. 190). Also, given the student
popul ation was composed of second graders, it was determined that surveys—especially
written ones—would depend too much on language comprehension abilities. Children of
this age tend to have a short attention span, can easily lose interest, and are more likely to
use “satisfying” approaches and response sets when they are not concerned or interested
in atopic (Borgers, De Leeuw & Hox, 2000). In aninterview setting, these tendencies
are more easily recognized. Of course, children of this age also commonly engage in
“pleasing” behavior and can be very suggestible, so these factors were considered in the
interview process (Borgers et a., 2000; Brady, Poole, Warren & Jones, 1999). However,
prolonged time spent in the field hel ps to mitigate this effect, as the researcher becomes
more familiar with the classroom environment and can identify and explore
inconsistencies. Creswell (2013) points out that “the more experience that a researcher
has with participants in their settings, the more accurate or valid will be the findings” (p.
202).

I nterviews were conducted with six students and two teachers after the first and
fourth months of the research period. Three students were chosen from each Walk to
Math classroom. From the Intensive & Strategic group, one female and two male
students were chosen. From the Benchmark group, one male and two females were

chosen. All students were chosen based upon teacher recommendations of students who
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were more prone to be talkative or expressive, as well asthe level of familiarity and
comfort with the researcher.

Student interviews took place in the school library, away from teachers and other
students. Theinterviews were limited to 10-15 minutes each. Interview responses were
recorded and transcribed. Recordings were audio only to avoid the distraction of video
(Schuck & Kearney, 2006). The recordings were destroyed following transcription and
student names changed in order to ensure student privacy. The interview guestions were
based on a scale for monitoring students’ attitudes to learning mathematics with
technology described by Pierce et al. (2007). After initial factor analysis and reliability
analysis, Pierce et a. (2007) trimmed their survey down to five factors, with four
guestions each.

Their scale for mathematics and technology attitudes is built around five affective
variables relevant to learning mathematics with technology: Mathematics Confidence
(MC), Technological Confidence (TC), Attitude toward |earning Mathematics with
Technology (MT), Affective Engagement (AE), and Behavioral Engagement (BE).
Subsequent factor and reliability analysis found the five factors explained 65% of the
variance in their data, and yielded satisfactory Cronbach alpha values for each subscale
(MC, .87; MT, .89; TC, .79; BE, .72 and AE, .65) (Pierceet a., 2007). Asavalue of
0.70 isgenerally considered sufficient for most social science applications, these indicate
a“strong or acceptable degree of internal consistency in each subscale’ (Pierceet al.,
2007, p. 294; UCLA, n.d.). Their survey instrument, initially designed for middle
secondary students, was adapted for use with elementary students and teachers (A ppendix

3). This adapted survey instrument was then used to rate the responses of the students for



anaysis and comparison. The student interview questions were based on the five factors

of the rating instrument and are included below.

Student Interview Questions

1. Doyoulike math class? Do you feel like you're good at math? Are there
other subjects that you' re better at? Worse at?

2. Doyoufed likeyou're good at using your iPad? What about computers?
What other electronics are you good at using? (Example: DV Ds, mobile
phones, MP3 players)

3. Doyou like using your iPad for math? How do you use it for math? Do you
ever do math without it? Which do you like better? Why?

4. Do you think math isfun? Interesting? Satisfying? Why?

5. Do you work hard in math class? How do you answer a hard question?

Teacher interviews took place in the classroom during instructional downtime or
lunch periods and were limited to 15-20 minutes each. The previously discussed adapted
scale from Pierce et al. (2007) was used to rate the responses for analysis and comparison

(Appendix 3). The teacher interview instrument isincluded below.

Teacher Interview Questions

1. How long have you been teaching math? How confident with math do you
feel? Do you feel as confident teaching it? Are there subjects you are better

at or worse at?

65



2. How confident are using technology at home? In the classroom? What sort of
technology do you use on aregular basis?

3. Doyou like using iPads in math class? How do you think it affects your
teaching? How do the students feel about it?

4. Didyou find math interesting as a student? Do you find it interesting as a
teacher? Isit satisfying? Fun?

5. Doyou find yourself putting more time into mathematics lessons as compared
to other subjects? How do you refresh yourself on the material, or do you

often need to?

Asthese were qualitative interviews, the dense and rich responses were “winnowed” for
the sections that pertained to the research questions above. The transcriptions were coded
based on these research questions as well to facilitate analysis (Creswell, 2013, p. 199).
The last research question pertaining to challenges with implementing this new
technology was primarily addressed in the teacher interviews.

To answer the question of how student performance in an app environment
trandates to mathematics performance in more traditional forms of assessment, students
completed worksheet quizzes using exactly the same (or very similar) problems that
appeared in the apps. These paper results were then compared with logged app

performance and examined for any discrepancies or correlations in performance.

Addimal Adventure
Two apps were examined in this manner—Addimal Adventure and Splash Math

2" Grade. Addimal Adventure isagame designed by Teachley to teach single-digit
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addition for grades K-2 (Teachley, n.d., Figure 2). The game is based on two types of
gameplay: the Tool round (Figure 3) and the “ Speed round” (Figure 6). The “Speed
round” is not explicitly named in the game, but is the term used here to describe the
second, faster style of game play required to display mastery of addition facts.

In the Tool round, rather than relying on “digital flashcards and worksheets’, this
game allows students to use four basic strategies to solve single-digit addition problems:
“count al”, “count on”, “doubles’, and “tens’ (Teachley, n.d.). The“count all” strategy
issimply counting all blocks from one to the total. “Count on” is described as holding
the larger number in on€e’s head, then counting on from it using the other addend (Figure
3). “Doubles’ relies on students tendency to remember and recognize doubles—for
example, solving 6 + 7 by noting that it is (6 + 6) + 1, or one more than the double, 12
(Figure 4). “Tens’ isamethod based on regrouping the two addends into tens and then
counting the left over ones. Each method is associated with a corresponding Addimal
character that performs the animated actions of the operation as the student is
manipulating the blocks. A fifth method is memorization—however, thisis only
introduced as an option once the student has utilized the other methods and even thenitis
not always an available strategy to explicitly select.

In the Tool round, the problems are read aloud by voice actors as they are
presented, without time limitations (although certain solution options, such as
memorization, may disappear after afew seconds). Answersto problems are input by
dragging a slider on anumber line. In the Speed round, the problem is not read aloud by
the app and the student must answer the addition problem in three seconds in order to

receive full points. Thereisnot atimer for this—the time is determined by the animated
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Figure 2. Addimal Adventure Home Figure 3. Addimal Adventure Tool
Screen. Round (Count On Strategy).

» TEACHLEY:
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Count All Count On
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Privacy Policy

Figure4. Addimal Adventure Tool Figure5. Addimal Adventure Story
Round (Doubles strategy). and round transition animation.
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Figure 6. Addimal Adventure Speed Figure 7. Addimal Adventure Speed
Round initial scenario. Round, displaying hint.
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Figure 8. Addimal Adventure Figure9. Addimal Adventure
Mastery grid of addition facts. Mastery grid in context.
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saw about to cut the chains holding the block (Figure 6). The student can select ahelp
option from one of the Addimals, but doing so penalizesthem. Likewise, missing the
problem on the first attempt penalizes them, and after two attempts a new problemis
introduced (Figure 7). Thisround isframed as a competition against the antagonist of the
app’' s story (Figure 8). Successfully solved problems uncover tilesin a picture that
represents the reclamation of acity from the villain, and fully revealing the picture (i.e.
demonstrating mastery of all single-digit addition facts) is the only way to complete the
game (Figure 8, 9).

Asthe only way to beat this gameis to be able to solve single-digit addition
problems in three seconds, student performance outside the app was examined using a
timed 30 second quiz with a selection of addition problems. The ten problems given
were based on five addition problems that were repeated with the addends commuted.
Thistechnigue is commonly used in the app (Figure 8), so the assessment instrument
(Figure 10) was similarly designed.

These data were compared with the student progress gathered within the Addimal
Adventure app. Teachley, the company behind the app, offers a paid back-end service to
teachers with an online interface providing analytics of student progress and strategy
preference in the game. However, not having the funds or necessary training, the
teachers had not been utilizing this service. For this reason, student progressin the app

was measured by recording the state of the mastery grid (Figure 9).
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Figure 10. Addimal Adventure single-digit addition skills assessment.

Name
348=__ 9+0=__
748=__ 10+6=__
6+2=__ 8+7=_
6+10=__ 8+3=_
0+9=__ 2+46=__

Splash Math 2" Grade

The second app examined, Splash Math 2™ Grade, covers awide variety of topicsin the
second grade curriculum: place value, counting and number patterns, one digit addition,
two digit addition, one digit subtraction, two digit subtraction, time, measurement,

geometry, data, money, three digit addition, and three digit subtraction (Figure 12).
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Figure 11. Splash Math 2" Grade
home screen.

Hi Grant

You Have 3,350 Points!!
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Figure 13. Example Splash Math
single-digit addition problem.

o ONE DIGIT RDOITION

Hard Level

Chris has 7 marbles. Andy gives him 3§

more marbles to add to his collection.

How many marbles does Chris have in
all?

Choose the correct addition sentence to answer.

8+4=12 7+9=16

5+4=9

C} PLAY MODE
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Figure 12. Splash Math Practice
mode topic options.
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Figure 14. Example Splash Math
counting/number patterns problem.
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Figure 15. Example Splash Figure 16. Splash Math student aquarium
Math place value problem. with prizes and aquatic life.

- 2 PLRCE VALUE JJ x4

Hard Level E—

Select the correct expanded form f| WS &

e
the number. X5

Q PLAY MODE

Students can operate in one of two modes: Practice and Play (Figure 11). In
Practice mode, students practice in a subject area of their choosing and are presented
problems solely from that area.  Alternatively, students can have a mix of problems
presented from all subject areasin Play mode. Progressis displayed as a percentage and
progress bar visible on each subject area stile, with various rewards available with
further progress (Figure 12). These rewards typically take the form of equipment and
toysin the student’ s virtual aquarium, where they can play with collected aquatic life and
prizes (Figure 16). While this environment is not directly related to mathematics, it
provides an incentive to work on the mathematics topics in order to gather more supplies

for the aquarium.

73



Problems in this game are presented in atraditional multiple choice format. There
isno introduction or training available, although problems do progressin difficulty. The
problemisread aoud to the student using a digitized screen reader voice, aswell as
presented visually. The student can then select the correct answer from the four options
typically presented, and the number of correct answers so far istracked at the top of the
student’s interface (Figure 13, 14, 15).

Student progress in this app was measured by examining student iPads. The
progress percentage for each topic in the app was recorded. These data were compared to
student performance on worksheets composed of ten problems taken directly from the
Splash Math 2™ Grade app, as they were presented in Play mode (Appendix 1).

Problems chosen were limited to the categories to which a majority of the students had
been exposed during lessons involving the app. Asthis app is not timed, the worksheet
was not timed either and students were given as long as needed to complete working on
it.

Student scores on chapter tests in mathematics were also collected throughout the
research period. These data were used as a covariate in the analysis of student scoresin

apps and on the assessment instruments.

Summary

In this chapter, the research design, population, and measurement instruments of
the study were described. The data gathered took the form of qualitative interviews,
classroom observations of the time and nature of iPad usage, and student performance

comparisons between skills in apps and on more traditional worksheets. Also provided
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was a brief description of two apps—Addimal Adventure and Splash Math 2™ Grade—
from which app data was gathered. These descriptions will help to make results
discussed in the next chapter more meaningful, especially as students and teachers

describe app interactions in interviews.
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Chapter 4. Results

In this chapter, quantitative results for iPad usage, app and quiz performance for
Splash Math 2™ Grade and Addimal Adventure, and mathematics and technology
attitudes ratings for student and teacher interviews are presented. Exploratory and
comparative analysisis performed aswell. Results are given for Intensive & Strategic
and Benchmark levels of Walk to Math classes, as well as the combined group, for all

areas.

Overall iPad Usage Frequency and Type

Usage data was gathered for 43 lessons, with 22 observations for the Intensive &
Strategic Walk to Math group, and 21 observations for the Benchmark group. The
number of minutes of iPad use in the lesson was recorded, as well as the type of
instruction. Two types of instructional usage were observed: “Free Choice” and
“Focused”. In free choice activities, students were allowed to select from ateacher
determined list of mathematics apps and play them individually for a certain amount of
time. Infocused lessons, students were all working in the same app, typically asaclass
or in small groups. The availability of apps for these lesson types was recorded as well
(Table9).

Table 1 presents summary statistics for usage type for all observed lessons in both
Walk to Math groups combined. Overall, free choice lessons |lasted an average of 5.74
minutes and ranged from O minutes (when no lesson took place) to 30 minutesin length.
Focused lessons lasted an average of 6.74 minutes, and ranged from O minutes to 45

minutesin length (Table 1). These dataare also displayed in Figure 17. There were 28
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free choice lessons observed, totaling 247 minutes and 13 focused |essons observed,
totaling 290 minutes (Table 2). It is clear that free choice lessons occurred more
frequently than focused lessons overall, but that focused lessons often occurred for longer

periods of time than free choice lessons.

Table 1. Walk to Math — Combined Groups Usage Summary (minutes).

Usage , , Sample
Type Min. | Q1 | Median | Mean | Q3 | Max. Size
Free —

i 0.00 | 0.00| 5.00 5.74 | 7.00 | 30.00 n=43

Choice

Focused | 0.00 | 0.00 | 0.00 6.74 | 7.50 | 45.00 n=43

Figure 17. Combined GroupsiPad Usage Minutes by Usage Type.

20 30 40
| |

Usage Session Length (Minutes)
10

T T
Free Choice Focused

Usage Type

To determine whether this was the case for both levels of Walk to Math, asimilar
analysis was conducted for each usage type over these groups. Inthe Intensive &
Strategic class, 19 free choice lessons were observed, totaling 131 minutes and 6 focused

lessons were observed, totaling 100 minutes. In the Benchmark class, 9 free choice
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lessons were observed, totaling 116 minutes, and 7 focused |essons were observed,

totaling 190 minutes. These totals are presented in Table 2.

Table 2. Usage Types for Walk to Math Groups (minutes).

Free Choice Focused Total
# of Total # of Total # of Total
Walk to Math Level Lessons | Length | Lessons | Length | Lessons | Length
Intensive & Strategic 19 131 6 100 25 231
Benchmark 9 116 7 190 16 306
Tota 28 247 13 290 41 537

Table 3. Usage Frequency for Walk to Math Groups (Daily).

Days of Usage Type
Walk to Math Neither Free Choice Focused Both Total
Level Only Only
Intensive &
Strategic 3 13 0 6 22
Benchmark 8 6 4 3 21
Totd 11 19 4 9 43

Table 3 presents daily iPad activity numbers for both classes. Overall, iPads were
not used 11 times, used only for free choice 19 times, used only for focused lessons 4
times, and used for both types of lessons 9 times. The Intensive & Strategic class used
the iPad 19 out of 22 days, but mostly for free choice only lessons. The Benchmark class
used the iPad 13 out of 21 days, but for less free choice only lessons.

Table 4 presents summary statistics of minutes of free choice usage in the
Intensive & Strategic and Benchmark groups. The Intensive & Strategic group saw a

mean usage of 5.96 minutes of free choice, and ranged from O to 20 minutes. The
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Benchmark group saw a mean usage of 5.52 minutes, and ranged from 0 to 30 minutes

per free choice activity.

Table 4. Free Choice Usage Summary for Walk to Math Groups (minutes).

wakto |, - sample
Math Leve | Min-| Q1 | Median | Mean | Q3 | Max. | "
Inensive& | 500 | 425 | 500 | 596 | 6.75 | 2000 | n=22
Strategic

Benchmark | 0.00 | 0.00 | 0.00 552 | 700 | 3000 | n=22

Similarly, Table 5 presents summary statistics of minutes of focused usage in the
Intensive & Strategic and Benchmark groups. The Intensive & Strategic group saw a
mean usage of 4.55 minutes per focused lesson, and ranged from 0 to 40 minutes. The

Benchmark group saw a mean usage of 9.05 minutes, and ranged from O to 45 minutes

Table 5. Focused Usage Summary for Walk to Math Groups (minutes).

Walk to - i Sample
Math Level | Min- | Q1 | Median | Mean | Q3 | Max. | “o
Intensve& | 500 | 0.00 | 000 | 455 | 375 | 40.00 | n=22
Strategic

Benchmark | 0.00 | 0.00 | 0.00 9.05 | 150 | 4500 | n=22

per free choice activity. These data are also presented in Figures 18 and 19 below

comparing the minutes of each usage type over Walk to Math groups.
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Figure 18. Free Choice iPad Figure 19. Focused iPad Usage
Usage Minutes by Walk to Math Minutes by Walk to Math Group.
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ActiveiPad Usage and Frequency

While both teachersin this study frequently used iPads in their lessons, it was not
always the case that it was the appropriate tool. For thisreason, it isof interest to
compare usage types only on days when iPads werein use. Inthe following analysis, all
recordings of 0 minutes were dropped (when the type of usage did not occur). It should
be noted that this decreased the sample size for each usage type to n = 28 for free choice
and n = 13 for focused (Table 6).

Table 6 presents summary statistics for usage type in both Walk to Math groups
combined, but only for lessons in which iPads were in active use. Overall, free choice
lessons lasted an average of 8.82 minutes and ranged from 3 minutes to 30 minutesin
length. Focused lessons lasted an average of 22.31 minutes and ranged from 5 minutes to

45 minutes in length (Table 6).
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Table 6. Walk to Math — Combined Groups Active Usage Summary (minutes).

Sample

Size
Free | 300 | 500 650 | 882 | 100 | 3000 | n=28
Choice

Focused | 5.00 | 10.0 | 20.00 | 22.31 | 350 | 4500 | n=13

Usage , .
Type Min. | Q1 | Median | Mean | Q3 | Max.

Figure 20. Combined GroupsiPad Usage Minutes by Usage Type
(Active Sessions Only).
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These data are also displayed in Figure 20. It isnow clear that, while free choice lessons
occurred more frequently than focused |essons overall, when they occurred, focused
lessons lasted much longer.

Breaking this down further to analyze active usage differences between the Walk
to Math groups, Table 7 presents summary statistics of minutes of active free choice
usage in the Intensive & Strategic and Benchmark groups. When free choice lessons

were used, the Intensive & Strategic group saw a mean lesson length of 6.90 minutes of
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free choice and ranged from 3 to 20 minutes. The Benchmark group saw a mean length
of 12.89 minutes and ranged from 5 to 30 minutes per free choice activity. It should
again be noted that the ssmple sizes are decreased to n = 19 and n = 9 for Intensive &

Strategic and Benchmark groups, respectively (Table 7).

Table 7. Active Free Choice Usage Summary for Walk to Math Groups (minutes).

wakto |, - sample
Math Leve | Min-| Q1 | Median | Mean | Q3 | Max. | "
Intensve& | 300 | 5.00 | 500 | 690 | 7.50 | 20.00 | n=19
Strategic

Benchmark | 5.00 | 7.00 | 10.00 | 1289 | 15.0 | 30.00| n=9

Similarly, Table 8 presents summary statistics of minutes of active focused usage in the
Intensive & Strategic and Benchmark groups. When focused |essons were used, the
Intensive & Strategic group saw a mean lesson length of 16.67 minutes of focused use
and ranged from 5 to 40 minutes. The Benchmark group saw a mean length of 27.14

minutes and ranged from 10 to 45

Table 8. Active Focused Usage Summary for Walk to Math Groups (minutes).

Walk to - i Sample
Math Level | Min- | QL | Median | Mean | Q3 | Max. | g
INensive & | 5 0g | 625 | 1250 | 16.67 | 225 | 40.00 | n=6
Strategic

Benchmark | 10.0 | 175 | 30.00 | 27.14 | 35.0 | 4500 | n=7

minutes per free choice activity. Sample sizesare 6 and 7 for Intensive & Strategic and
Benchmark groups, respectively (Table 8). These data are also presented in Figures 21
and 22.
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Figure 21. Free ChoiceiPad Usage Figure 22. Focused iPad Usage
Minutes by Walk to Math Group Minutes by Walk to Math Group
(Active Sessions Only). (Active Sessions Only).
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App Availability

Student iPad usage in all lessons and activities was controlled in that students
were only allowed to work on apps the teacher made available. Availablein this case
refersto teacher permitted use, not technological availability of the app; that is, all apps
were always available on the iPads. The following apps were made available at some
point throughout the observation period:

e Educreations Interactive Whiteboard (Educreations, Inc.). An interactive whiteboard
app with recording and playback capability, as well as photo integration.

e Addimal Adventure (Teachley). A game for learning single digit addition facts. For
more details, see Chapter 3.

e Splash Math 2" Grade (StudyPad, Inc.). A workbook based game for all

mathematics topicsin 2™ Grade. For more details, see Chapter 3.
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e Wings (Motion Math). A game for mastering multiplication skills that makes use of
the accelerometer in the iPad to detect tilting in order to steer the character to the
larger value.

e Sail Through Math (McGraw-Hill). A game for practicing math skills in addition,
subtraction, multiplication, division, as well as more advanced topics.

e Sushi Monster (Scholastic). A game for practicing and building fact fluency in
addition and multiplication.

e Counting Money (King's Apps). A game designed for all agesto learn how to count
money of all denominations.

e Téell Time (Horizon Business, Inc.). A game for practicing telling timeon a

traditional circular clock face.

Table 9 reports the total instructional minutes for which each app was made
available over all 43 observed lessons. Overall, the most frequently used apps were

Splash Math 2™ Grade and Addimal Adventure. The least frequently used were Tell

Table 9. Walk to Math — Combined Groups App Availability.

Free Choice Focused Overall
App Availability (in Availability (in Availability (in
minutes) minutes) minutes)
Splash Math 2™ 221 65 286
Addimal Adventure 196 40 236
Educreations 0 185 185
Math Bingo 114 5 119
Wings 70 25 95
Sail Through Math 44 0 44
Sushi Monster 27 0 27
Counting Money 20 0 20
Tell Time 17 0 17




Time and Counting Money. Along with Sail Through Math and Sushi Monster, these
two apps were only used in free choice lessons. Educreations Interactive Whiteboard was

unique in that it was the only app to be exclusively used in focused lessons.

Table 10. Walk to Math — Intensive & Strategic Group App Availability.

Free Choice Focused Overadl
App Availability (in Availability (in Availability (in
minutes) minutes) minutes)
Addimal Adventure 100 40 140
Splash Math 2™ 105 5 110
Math Bingo 70 5 75
Educreations 0 55 55
Wings 36 0 36
Counting Money 20 0 20
Sushi Monster 20 0 20
Sail Through Math 0 0 0
Tell Time 0 0 0

Tables 10 and 11 report the total instructional minutes for which each app was made
available to Intensive & Strategic and Benchmark levels of Walk to Math, respectively.
In the Intensive & Strategic Walk to Math class, Addimal Adventure and Splash Math 2™
Grade were the most frequently used apps. Sail Through Math and Tell Time were not
observed in use. In the Benchmark class, Splash Math 2™ Grade and Educreations
Interactive Whiteboard were the most frequently used, with Tell Time and Sushi Monster
being the least used. Math Bingo was used more frequently in the Intensive & Strategic
class (75 minutes vs. 44 minutes in Benchmark), whereas Educresations was used much

more frequently in the Benchmark class (130 minutes vs. 55 minutes).
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Table 11. Walk to Math — Benchmark Group App Availability.

Free Choice Focused Overadl
App Availability (in Availability (in Availability (in
minutes) minutes) minutes)
Splash Math 2™ Grade 116 60 176
Educreations 0 130 130
Addimal Adventure 96 0 96
Wings 34 25 59
Math Bingo 44 0 44
Sail Through Math 44 0 44
Tell Time 17 0 17
Sushi Monster 7 0 7
Counting Money 0 0 0

App Progress and Quiz Score Analysis— Splash Math 2" Grade

Student progress percentages in the Splash Math 2™ Grade app were recorded for
eight of the thirteen categories discussed in Chapter 3. place value, counting and number
patterns, two digit addition, one digit subtraction, two digit subtraction, measurements,
geometry, and data. As each category records its progress as a percentage, the total “app
score” possible was considered to be 800 points. Also recorded were student scores on
the 10 question Splash Math 2™ Grade assessment quiz (Appendix 1). For ease of
comparison, both have been converted to percent scale. Dueto transferred students, app
data was captured from iPads from three students who were not able to take the quiz.
Table 12 presents summary statistics for these two datasets for both Walk to Math
groups. Over al Walk to Math groups, the mean app progress was 30.60%, with scores
ranging from 0% to 80%. The quiz scores had a much higher mean of 77.14% and

ranged from 0% to 100%. These data are also portrayed in Figures 23 and 24.
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Table 12. Wak to Math — Combined Groups Splash Math 2nd Grade app progress and
worksheet scores (%).

Splash Math 2@ | Min. | Q1 | Median | Mean | Q3 | Max. S?Slr.“zge
A?r%g‘)(%ﬁ 0.00 | 17.72 | 25.38 | 30.60 | 43.28 | 80.00 | n=38

Quiz Total (%) | 0.00 | 70.00 | 80.00 | 77.14 | 90.00 | 1000 | n=35

Figure 23. Combined Groups Figure 24. Combined Groups
Splash Math App Progress. Splash Math Quiz Scores.
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Figure 25 is a scatterplot of quiz scores against app progress. This shows a moderately
positive relationship (Pearson’sr = 0.52) between the two scores.

While the app and quiz scores are positively correlated, it isinformative to control
for other factors which may be affecting quiz performance. For this reason, student
scores on three unit tests (Appendix 2) were gathered aswell. These results were used as
covariates to test the effect of app progress on quiz scores. Two linear models were

produced: Table 13 presents coefficients and standard errors from a model using only
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Figure 25. Combined Groups Splash Math Quiz Score vs. App Progress.
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app progress as a predictor, while Table 14 presents the full model using app progress
and unit test scores. As these results are intended to be purely descriptive, and the sample
sizes aretoo small in most cases for statistically valid inference, no residual analysis or
extensive model comparisons are presented.

In the first model, app progress would appear to have significant explanatory
power in describing quiz scores (p = 0.0012). However, from the second model it is clear
that Test 1 scores explain much more of the variation in quiz scores than app progress.

Of course, thisanalysisis on the combined population of both classes, and it isworth
noting that high numbers of transfer students resulted in missing scores for several unit
tests. For this reason, five students are omitted from the second model (Table 14).

To further explore this relationship in regards to the different levels of Walk to

Math, asimilar analysis was conducted on the two student groups. Table 15 presents app

progress and quiz score summary statistics for the Benchmark group. These students had
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Table 13. Coefficients and standard errors from alinear regression of combined groups
Splash Math 2nd Grade quiz scores on app progress. Residual standard error 1.992 on 33
degrees of freedom (n = 35). R?=0.28. Adjusted R*= 0.255.

Esimate| SE t Pr(> |t])
I ntercept 5.73 0.65 | 8.82 | <0.0001
App Progress| 0.0077 | 0.0022 | 3.56 | 0.0012

Table 14. Coefficients and standard errors from alinear regression of combined groups
Splash Math 2nd Grade quiz scores on app progress and unit tests 1, 2, and 3. Residual
standard error 1.636 on 25 degrees of freedom (n = 30). R?=0.59. Adjusted R*= 0.519.

Estimate | SE t Pr(> |t])

| ntercept -7515|6.042| -1.24| 0.23
App Progress 0.002|0.002| 0.75| 0.46
Test 1 0.049|0019| 256| 0.02
Test 2 -0.013 | 0.077| -0.17| 0.86
Test 3 0.134|0072| 185| 0.08

amean app progress of 41.05% and ranged from 0% to 80% completion. Their quiz
scores were higher, with a mean of 88.57% and scores ranging from 60% to 100%.

These data are displayed in Figures 26 and 27 as well.

Table 15. Walk to Math — Benchmark Group Splash Math 2nd Grade app progress and
worksheet scores (%0).

Splash Math 2™ | Min. | Q1 | Median | Mean | Q3 | Max. S?Z'Z'e
A?r%tzlro(%/':)%s 0.00 | 3362 | 3025 | 4105 | 47.75 | 80.00 | n=21
Quiz Total (%) | 60.0 | 80.00 | 90.00 | 8857 | 100.0 | 100.0 | n=21
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Figure 28 is a scatterplot of quiz scores against app progress for the Benchmark group.
This shows aweakly positive relationship (Pearson’sr = 0.33) between the two scores.
For the Benchmark group, test scores were again used as covariates to test the
effect of app progress on quiz scores. Two linear models were produced: Table 16
presents results from amodel using only app progress as a predictor, while Table 17
presents the full model using app progress and unit test scores. In the first model, app
progress does not have significant explanatory power in describing quiz scores (p =

0.142). However, in the second model, none

Table 16. Coefficients and standard errors from alinear regression of Benchmark student
Splash Math 2nd Grade quiz scores on app progress. Residual standard error 1.073 on 19
degrees of freedom (n = 21). R?=0.110. Adjusted R*= 0.063.

Esimate| SE t Pr(> [t])
Intercept 8.105 | 0.544 | 14.89 | < 0.0001
App Progress| 0.0023 | 0.0015| 153 | 0.142

Table 17. Coefficients and standard errors from alinear regression of Benchmark student
Splash Math 2nd Grade quiz scores on app progress and unit tests 1, 2, and 3. Residual
standard error 1.077 on 16 degrees of freedom (n = 21). R?= 0.245. Adjusted R? = 0.056.

Estimate | SE t Pr(> [t])

Intercept 0.213|6.616 | 0.03| 0.98
App Progress 0.0020.002| 098| 034
Test1 -0.020| 0.086 | -0.23| 0.82
Test 2 0.065]|0.121| 054| 0.60
Test 3 0.042]10.095| 044 | 0.67

of the test scores are more significant than app progress, athough the model explains

little of the variation in quiz scores (RP= 0.245). Also, thisanalysisisonly on 21
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students. It isworth noting that in the Benchmark group, there were no transfer students
causing omitted results in the full model.

Similarly, for the Intensive & Strategic group, Table 18 presents app progress and
guiz score summary statistics. These students had a mean app progress of 17.70% and
ranged from 0% to 35.12% completion. Their quiz scores were higher, with a mean of
60% and scores ranging from 0% to 90%. These data are displayed in Figures 26 and 27

aswell.

Table 18. Walk to Math — Intensive & Strategic Group Splash Math 2nd Grade app
progress and worksheet scores (%).

Splash Math 2" . . Sample
Grade Min. | Q1 | Median | Mean | Q3 Max. Size
A?r%g‘)(%ﬁ 0.00 | 15.75 | 1800 | 17.70 | 21.00 | 35.12 | n=17

Quiz Total (%) | 0.0 | 50.0 70.0 600 | 775 | 900 | n=14

Figure 29 is a scatterplot of quiz scores against app progress for the Intensive & Strategic
group. Thisshows aweakly positive relationship (Pearson’sr = 0.45) between the two

SCOres.

For the Intensive & Strategic group, test scores were again used as covariates to
test the effect of app progress on quiz scores. Two linear models were produced: Table
19 presents results from amodel using only app progress as a predictor, while Table 20
presents the full model using app progress and unit test scores. In the first model, app

progress appears to have moderately significant explanatory power in describing quiz
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Table 19. Coefficients and standard errors from alinear regression of Intensive &
Strategic student Splash Math 2nd Grade quiz scores on app progress. Residual standard
error 2.417 on 12 degrees of freedom (n = 14). R? = 0.204. Adjusted R? = 0.137.

Estimate | SE t | Pr(>|t)
I ntercept 333 |165]|202]| 0.067
AppProgress| 0.02 |0.01|175| 0.105

Table 20. Coefficients and standard errors from alinear regression of Benchmark student
Splash Math 2nd Grade quiz scores on app progress and unit tests 1, 2, and 3. Residual
standard error 3.213 on 4 degrees of freedom (n=9). R?=0.395. Adjusted R? = 0.210.

Estimate | SE t Pr(> |t))
| ntercept -8.860 | 21.657 | -041| 0.70
App Progress 0.015| 0023| 0.62| 057
Test 1 0.029| 0.088| 034| 0.75
Test 2 -0.057 | 0232| -024| 0.82
Test 3 0.187| 0184 | 1.02| 0.37

scores (p = 0.105). However, thisvariable is not significant in the second model (p =
0.57). Itisworth noting that in the Intensive & Strategic group, transfer students caused
omitted results in the full model, resulting in five students being dropped from the
analysis.

Anitem analysis of quiz problems was conducted to explore relationships
between quiz and app performance in different subject areas. Student quiz scores for
each problem were averaged and compared to the class average for the corresponding
subject areain the Splash Math 2™ Grade app. Six subject areas were represented by a
single item each on the quiz, and two areas were represented by two items each (place
value and counting and number patterns) (Table 21). Table 21 also reports these class
averages, which are depicted in Figure 30. The overall class quiz and app averages for

each subject area are highly correlated (Pearson’sr = 0.85).
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Figure 30. Combined Groups Splash Math
Subject Area Quiz Average vs App Average.
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Table 21. Walk to Math — Combined Groups Quiz and App Average for each Subject
Area

. uiz Item ClassAverage | Class Average
Subject Area C%\Iumber App Progressa%%) Quiz Score?‘?ﬂn)
Place Value 1,9 56 89
Counting & Number Patterns 2,10 19 69
Two Digit Addition 6 22 66
One Digit Subtraction 5 5 83
Two Digit Subtraction 3 3 60
M easurements 8 58 86
Geometry 4 60 74
Data 7 22 89

A similar item analysis was performed for each Walk to Math grouping. Tables
22 and 23 present the app and quiz average for the two Walk to Math classes. These data
are depicted in Figures 31 and 32. These plots show a stronger correlation in the
Intensive & Strategic group (Pearson’sr = 0.62) than in the Benchmark group (Pearson’s

r = 0.49) for class average quiz and app scores for each subject area.
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Table 22. Walk to Math — Intensive & Strategic Group Quiz and App Average for each
Subject Area.

: ClassAverage | Class Average
Subject Area App Progressag(]%) Quiz Score?go)
Place Value 48 79
Counting & Number Patterns 12 54
Two Digit Addition 2 36
One Digit Subtraction 1 71
Two Digit Subtraction 0 14
M easurements 55 79
Geometry 22 57
Data 94 79

Table 23. Walk to Math — Benchmark Group Quiz and App Average for each Subject
Area

. ClassAverage | Class Average
Subject Area App Progressa%%) Quiz Score??/o)
Place Value 63 95
Counting & Number Patterns 25 79
Two Digit Addition 38 86
One Digit Subtraction 7 90
Two Digit Subtraction 6 90
M easurements 59 90
Geometry 90 86
Data 40 95
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Figure 31. Benchmark Group Figure 32. Intensive & Strategic
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App Progress and Quiz Score Analysis— Addimal Adventure

Student progress in the Addimal Adventure app was recorded based on the
percentage of the picture that had been uncovered (Figure 9). Full completion of the
game requires uncovering 121 blocks and obtaining gold on all the corresponding
addition facts (Figures 8, 9). Student scores on the timed addition facts quiz (Figure 10)
were captured for comparison. This quiz consisted of 10 questions; the scores are

reported as percentages in Table 24, along with summary statistics of app progress.

Table 24. Walk to Math — Combined Groups Addimal Adventure app progress and
worksheet scores (%).

Addima . . Sample
Adventure Min. Q1 | Median | Mean | Q3 | Max. Size
App (F;r/o‘;gr&‘s 2149 | 3533 | 68.18 | 63.96 | 85.33 | 1000 | n=36

Quiz Score(%) | 100 | 60.0 | 100.0 | 80.0 | 100.0 | 1000 | n=35
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Overall, students had a mean progress of 63.96% in the app, with arange of 21.49% to
100%. Quiz scores had mean of 80% and ranged from 10% to 100%. These dataare
displayed in Figures 33 and 34. Figure 35 is a scatterplot of quiz scores against app
progress for both Walk to Math groups. This shows aweakly positive relationship
(Pearson’sr = 0.41) between the two scores.

Unit test scores were used as covariates to test the effect of Addimal Adventure
progress on quiz scores. Two linear models were produced: Table 25 presents results
from amodel using only app progress as a predictor, while Table 26 presents the full
model using app progress and unit test scores. In the first model, app progress appears to
be significant in describing quiz scores (p = 0.019). However, in the second model the
test scores explain more of the variation in quiz scores, especially Test 1 (p = 0.001), and
Table 25. Coefficients and standard errors from alinear regression of combined student

Addimal Adventure quiz scores on app progress. Residual standard error 25.15 on 31
degrees of freedom (n = 33). R?=0.166. Adjusted R?=0.139.

Estimate | SE t Pr(> [t])
Intercept 53.21 | 11.76 | 4.53 | < 0.0001
App Progress| 0.41 0.17 | 248 | 0.019

Table 26. Coefficients and standard errors from alinear regression of combined groups
student Addimal Adventure quiz scores on app progress and unit test 1, 2, and 3 scores.
Residual standard error 18.96 on 25 degrees of freedom (n = 30). R*=0.515. Adjusted

R’ = 0.43609.

Estimate | SE t Pr(> |t])

I ntercept 2237|7858 | 0.29 0.78
App Progress 023| 017| 1.40 0.18
Test 1 085| 022 3.92 0.001
Test 2 095| 092| 1.03 0.31
Test 3 -1.22| 090| -1.35 0.19
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app progressis no longer significant (p = 0.18). Again, transfer students had missing test

scores, resulting in three students being dropped from the analysis in the full model.

A similar analysis of Walk to Math groupings shows that Intensive & Strategic

students had mean progress of 54.66% in the app, with arange of 21.49% to 85.95%.

Quiz scores had mean of 61.43% and ranged from 10% to 100%. These data are reported

in Table 27 and displayed in Figures 36 and 37. Figure 39 is a scatterplot of quiz scores

Table 27. Walk to Math — Intensive & Strategic Group Addimal Adventure app progress

and worksheet scores (%).
Addimal . . Sample
Adventure Min. | Q1 | Median | Mean | Q3 | Max. Size
App ('?)r/o‘;gr% 2149 | 3595 | 64.46 | 54.66 | 68.18 | 8595 | n=15
Quiz Score (%) | 10.00 | 42.50 | 60.00 | 61.43 | 80.00 | 1000 | n=14

Figure 36. Addimal Adventure
App Progress by Walk to Math
Group.
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Figure 38. Addimal Adventure Figure 39. Addimal Adventure
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against app progress for Intensive & Strategic students. This shows a moderately positive
relationship (Pearson’sr = 0.51) between the two scores.

Unit test scores were again used as covariates to test the effect of Addimal
Adventure progress on quiz scores. Two linear models were produced: Table 28
presents results from amodel using only app progress as a predictor, while Table 29
presents the full model using app progress and unit test scores. In the first model, app
progress appears to be somewhat significant in describing quiz scores (p = 0.09).
However, in the second model the test scores again explain more of the variation in quiz
scores and app progressis no longer significant (p = 0.85). Transfer studentsin this class

had missing test scores, resulting in three students being dropped from the analysisin the

full model.
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Table 28. Coefficients and standard errors from alinear regression of Intensive &
Strategic student Addimal Adventure quiz scores on app progress. Residua standard
error 27.26 on 10 degrees of freedom (n =12). R?=0.2634. Adjusted R?=0.1897.

Estimate | SE t | Pr(>|t)
Intercept 1323 | 2554|052 | 0.62
App Progress| 0.79 042 | 1.89| 0.09

Table 29. Coefficients and standard errors from alinear regression of Intensive &
Strategic student Addimal Adventure quiz scores on app progress and unit test 1, 2, and 3
scores. Residual standard error 31.68 on 4 degrees of freedom (n=9). R?=0.5344.
Adjusted R? = 0.06879.

Estimate | SE t Pr(> |t))
| ntercept -234.85|382.71| -061| 0.57
App Progress -0.32 160| -0.20| 0.85

Test 1 1.61 104, 15| 0.20
Test 2 2.79 313| 089 042
Test 3 -0.17 281 -0.06| 0.95

The analysis of Benchmark students shows a mean progress of 70.60% in the app,
with arange of 21.49% to 100%. Quiz scores had mean of 92.38% and ranged from 50%

to 100%. These data are reported in Table 30 and displayed in Figures 36 and 37.

Table 30. Wak to Math — Benchmark Group Addimal Adventure app progress and
worksheet scores (%).

Addimal . . Sample
Adventure Min. | Q1 | Median | Mean | Q3 | Max. Size
App ('f)r/o‘;gr% 2149 | 37.19 | 77.60 | 70.60 | 100.0 | 1000 | n=21

Quiz Score (%) | 50.00 | 100.0 | 100.00 | 92.38 | 100.0 | 1000 | n=21
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Figure 38 is a scatterplot of quiz scores against app progress for Benchmark students.
This shows aweakly positive relationship (Pearson’sr = 0.32) between the two scores.
Unit test scores were again used as covariates to test the effect of Addimal
Adventure progress on quiz scores. Two linear models were produced: Table 31
presents results from amodel using only app progress as a predictor, while Table 32
presents the full model using app progress and unit test scores. In the first model, app

progressis not significant in describing quiz scores (p = 0.16). However, in the second

Table 31. Coefficients and standard errors from alinear regression of Benchmark student
Addimal Adventure quiz scores on app progress. Residual standard error 15.35 on 19
degrees of freedom (n = 21). R? = 0.1012. Adjusted R? = 0.05389.

Estimate | SE t Pr(> |t])
I ntercept 80.48 |8.80 | 9.15 | <0.0001
AppProgress| 0.17 |0.12| 1.46 0.16

Table 32. Coefficients and standard errors from alinear regression of Benchmark student
Addimal Adventure quiz scores on app progress and unit test 1, 2, and 3 scores. Residual
standard error 13.93 on 16 degrees of freedom (n = 21). R® = 0.3766. Adjusted R? =
0.2207.

Estimate | SE t Pr(> |t])
| ntercept 74218830 0.08| 0.93
App Progress 027| 013| 204| 0.06
Test 1 256| 113| 226| 004
Test 2 -092| 161| -057| 0.57
Test 3 -094| 121| -0.78] 0.45

model, not only is Test 1 significant in explaining the variation in quiz scores (p = 0.04),
but app progress is moderately significant aswell (p = 0.06). However, it isworth noting

that the second model still explainslittle of the overall variation in quiz scores (R =
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0.3766), athough it does explain more than the first mode! (adjusted R? = 0.2207 (Table

32) vs 0.053 (Table 31).

Interview Ratings

Student and teacher interviews were conducted after the first month and at the end
of the study. Three students from each Walk to Math cohort were interviewed. For the
purposes of analysis, random names have been assigned to the students to preserve
anonymity. However, the gender of the names has been maintained. From the Intensive
& Strategic class, one female and two males were interviewed: Emma, Aiden, and
Jackson, respectively. From the Benchmark class, one male and two females were
interviewed: Ethan, Sophia, and Isabella, respectively. Jackson transferred to adifferent
school between interviews, so for the second interview he was replaced by Noah, a new
student who had just transferred into the Intensive & Strategic class. Each of the two
teachers was interviewed as well.

All interviews were analyzed using the framework described in Pierce et al.
(2007). Asmentioned in Chapter 3, their scale for mathematics and technology attitudes
is built around five affective variables relevant to learning mathematics with technology:
Mathematics Confidence (MC), Technological Confidence (TC), Attitude toward
learning Mathematics with Technology (MT), Affective Engagement (AE), and
Behaviora Engagement (BE). Their measurement instrument was adapted for use with
iPads and teachers, for the sake of consistency; it isavailablein Appendix 3. Thisallows

for aLikert-type scoring format for each of the five variables (Pierce et al., 2007). That
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is, each statement on the measurement instrument has a score from ranging from 1 to 5,
with 5 being the highest agreement or frequency.

Student and teacher interviews were coded based on the research questions and
these five affective variables (Appendix 3). Astheinterviews were open-ended, not all
items of the questionnaire were addressed. These items received no score. For this
reason, an average rating for each category was computed. Each rating had a maximum
score of 5 and aminimum score of 1. Asa consistency check, a second coder examined a
sample of 5 of the 16 total interviews (approximately 31%). This coding agreed with the
researcher’ s interview coding 73% of the time on average, and assigned ratings differed
from the researcher’ s ratings by 0.66 points on average. Tables 33, 34 and 35 present the
researcher’ s average ratings for all students and teachers for both interview sessions.

For Interview 1, on average Intensive & Strategic students appear to have roughly
similar ratings to the Benchmark students. In fact, Intensive & Strategic students have
higher mean ratings in every variable except mathematical technology. For Interview 2,
Intensive & Strategic students had higher mean ratingsin all categories than Benchmark
students. Between Interviews 1 and 2, Intensive & Strategic students saw a decreasein
ratings for behavioral engagement, mathematical confidence, and affective engagement.
However, they saw an increase in ratings for technological confidence and mathematical
technology. Between Interviews 1 and 2, Benchmark students saw a decrease in ratings
for affective engagement, mathematical confidence, and mathematical technology.
However, they saw an increase in ratings for technological confidence and behavioral

engagement.
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Table 33. Student Interview 1 Mean Ratings.

| Interview 1 Mean Rating |

Intensive & Strategic BE | TC | MC | AE | MT
Emma 4.5 3.7 5.0 4.8 2.3
Aiden 4.7 33| 47| 47 2.3
Jackson 4.5 50 30| 43| 40

Mean | 4.425 | 4.000 | 4.425 | 4.575 | 3.350

S S S S A

Benchmar k BE TC MC AE MT
Ethan 3.3 47 48 4.8 2.0
Sophia 2.7 2.7 4.3 4.0 3.3
Isabella 3.0 45 4.7 3.7 4.3

Mean | 3.325 | 3.725 | 4.200 | 4.375 | 3.475

Table 34. Student Interview 2 Mean Ratings.

| Interview 2 Mean Rating |

Intensive & Strategic BE | TC | MC | AE | MT
Emma 4.8 3.8 4.7 4.7 3.3
Aiden 37| 48| 40| 47| 35
Noah 30| 43| 35| 40| 40

Mean | 3.950 | 4.225 | 4.300 | 4.425 | 3.950

S S S S S

Benchmark BE TC MC | AE MT
Ethan 4.3 4.7 50 3.3 1.7
Sophia 3.3 4.0 3.3 4.5 3.0
|sabella 3.0 4.0 4.0 3.0 4.0

Mean | 3.850 | 4.125 | 3.775 | 3.700 | 3.300

In both Interviews 1 and 2, the teachers appear to have somewhat different

ratings—mostly in the categories of mathematical confidence and technological
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confidence. For Interview 1, the Intensive & Strategic teacher had higher ratingsin every
variable except behavioral engagement and affective engagement. For Interview 2, the
Intensive & Strategic teacher had higher ratingsin all categories except behavioral
engagement. Between Interviews 1 and 2, the Intensive & Strategic teacher saw a
decrease in ratings for affective engagement and an increase in ratings for behavioral
engagement and mathematical technology. Between Interviews 1 and 2, the Benchmark
teacher saw a decrease in ratings for affective engagement, mathematical confidence, and
mathematical technology. However, the teacher saw an increase in ratings for
technological confidence and behavioral engagement. Thisis exactly the same pattern of
changes observed between interviews in the Benchmark students. However, given the
extremely small number of students, teachers, and interviews, the results do not admit a
valid statistical comparison to draw firm conclusions about differences or similaritiesin

ratings between groups.

Table 35. Teacher Interviews 1 & 2 Mean Ratings.

| Mean Rating |

Intensive & Strategic | Interview | BE [ TC | MC | AE | MT
Teacher 1 40 | 40 | 50 4.5 4.8

2 43 | 40 | 50 4.3 5.0

Benchmark Interview | BE | TC | MC | AE | MT
Teacher 1 4.3 30 | 30 5.0 4.3

2 4.8 38 | 2.8 4.0 4.5

Individual interview responses and codings are not reported in this chapter, but

are available in Appendix 4. These responses will be used in the discussion of the results
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in the next chapter to provide background and qualitative explanations for observed
relationships in iPad usage, app progress and quiz scores, and interview ratings of

mathematical and technological attitudes.

Summary

In this chapter, an exploratory analysis was presented of results gathered from
iPad usage recordings, student app progress and quiz scores for both Splash Math 2™
Grade and Addimal Adventure, and interview ratings of several affective variables
describing student and teacher attitudes toward mathematics and technology. All of these
results will be discussed in the next chapter. Relevant excerpts from interviews will be
included there as well, to provide a qualitative explanation for, or counterpoint to, any

observations.
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Chapter 5: Discussion

In this chapter, the results presented in Chapter 4 are discussed. First, iPad usage
frequency and type is described and relevant excerpts from student and teacher interviews
are used to provide adequate background to explain the observed usage. Student and
teacher attitudes toward mathematics and technology are also discussed. Technological
issues that arose, as well as possible improvements which could lead to better
differentiated instruction, are gleaned from the interviews. Student app and quiz
performance for Splash Math 2™ Grade and Addimal Adventure is discussed and

conclusions are drawn.

iPad Usage Frequency and Type

Two types of iPad use were observed in this study—free choice and focused
lessons. Looking at both sections of Walk to Math combined, the two usage types
occurred for similar total amounts of time (Table 2). However, their distributions are
quite different (Figure 17). Overall, free choice lessons occurred almost twice as
frequently as focused lessons and typically lasted an average of 8.82 minutes (Table 6),
as opposed to 22.31 minutes for focused lessons. Also focused activities were rarely the
only iPad use in a mathematics lesson. More often they were used in conjunction with
free choice activities (Table 3). However, it should aso be noted that roughly 25% of
lessons were conducted without any iPad use at all (Table 3).

When usage over the different sections of Walk to Math is examined, stark
differences are evident between the groups. Benchmark students used iPads 32% more

minutesin total than Intensive & Strategic students and spent 90% more time in focused
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lessons. However, it is not simply the case that the Benchmark class used the iPad more
often. Over the research period, the Benchmark class didn’t make any use of the iPad
during mathematics for 8 lessons, compared to 3 lessons where they weren’t used in the
Intensive & Strategic class. However, free choice lessons were much more common in
the Intensive & Strategic group, occurring roughly twice as often as in the Benchmark
group (Table 7).

An explanation for this discrepancy can be found in the interviews conducted with
teachers. The Intensive & Strategic teacher liked using iPads as a focusing tool for

students transitioning to math class:

Teacher: It'sagreat tool for early finishers. That they’ve always got
something that they’re really engaged in and they can be
independent at. And | think that’shuge. We useit alot in herefor
awarmup.

Researcher:  I’venoticed that.

Teacher: So when the kids kind of flow in at different times, rather than just
waiting or getting off task they can go back to it. | think it’s great.

The first several minutes of class were often used to get students on task more efficiently
by having students immediately put on headphones and open up one of the available free
choice math apps listed on the whiteboard. This was often observed to be an effective
technique for avoiding distractions. On several occasions, a disruptive student would
attempt to distract a student working on their iPad, but the student working with

headphones on was unable to hear them and remained engaged in the game.
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In the Benchmark class, students were more often gathering at the whiteboard for
daily instructions at the beginning of Walk to Math. Thistypicaly involved the
discussion of the goal for the day, instructions for activities, when iPad usage would
occur, and what apps they would be using to supplement the lesson. The type of iPad use
was split fairly evenly between free choice and focused when this scenario occurred
(Table 3). The distributions show focused lessons were generally longer in the
Benchmark class. However, focused lessons occurred roughly the same number of times

over the study period in both groups (Table 8).

App Availability

Teachers found it effective to limit student access to appsin free choice lessons.
This kept students on task and challenged, as they were encouraged to work on more
difficult apps, rather than replay games they had already mastered. This also allowed
students to have some freedom to choose their difficulty for the day, while still working
in apps relevant to the lesson.

Overall, the apps Splash Math 2™ Grade and Addimal Adventure were available
for the most time (Table 9). However, in the Intensive & Strategic class Addimal
Adventure was available more than Splash Math 2™ Grade, and in the Benchmark class
Educreations Interactive Whiteboard app was used more than Addimal Adventure
(Tables 10, 11). Educreations Interactive Whiteboard was a so the only app to be
exclusively used in focused lessons, so its high availability in the Benchmark classisa

result of the higher frequency of focused lessons in that Walk to Math group.
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Several different interactions seemed to be occurring between student
performance, app choice, and app difficulty aswell. For example, while the
multiplication concepts of Wings were difficult for many students, it was a popular app
due to the kinesthetic gameplay. Students enjoyed tilting the iPad and flying through
numbers, even if they were somewhat confused by the problems at times. Several
students admitted to being very confused by multiplication, but were willing to work at
the concept because they enjoyed the game. On the other hand, Math Bingo is a game
that focuses on basic addition and subtraction fact fluency—however, the gameis
beatabl e by tapping and guessing. For this reason teachers often discouraged it, but
students enjoyed the game and would often still choose to play it. It islikely the easiness
of it that attracted students.

Apps that concerned specific skills, such as Tell Time and Counting Money, were
the least used. Thiswaslikely due to their specific nature; once the subject had been
covered, the apps were no longer used. In interviews, the Benchmark teacher especialy

expressed a desire for more focused apps on particular skills:

Teacher: | want more specific, pinpointed appsthat | feel like, it’sjust
another second chance for them to apply what they know, or learn
while they’re moving along. But we just don’'t have the...

Researcher:  You guysare just sort of getting them set up in the summer or
something and pretty much what you roll out then iswhat you use
for the rest of the semester, then?

Teacher: Y es, and there’ s not funding to allow for additional—maost of those
would be paid that are so specific.
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The limited budget of the school for purchasing apps forces them to predominantly use
free apps. Free apps however, unless produced by a non-profit company, governmental
agency, or large company with other revenue streams, are primarily supported by
advertisements (Tongaonkar, Dai, Nucci & Song, 2013). In fact, thiswas a concern
among teachers and parents when the iPads were first being deployed. However,

students didn’t seem to be distracted by the ads and remained focused:

Teacher: [...] we also have some apps that have, they’re free, so they have
some commercialsonit.

Researcher:  Adsand commercials.

Teacher: Y es, and that bugged me at first, alot. And | thought we'd have a
lot more parents that would be uptight about it, and we do have
some, which | understand. But for the most part, the kids don’t
even notice them. They’rereadlly in tune with what they’ re doing
on them.

The competitive market of apps and the tendency for apps to be priced cheaply,
despite high devel opment costs, impacts the type and quality of apps available for
mathematics education. An app that istoo specific, however well designed, may be
purchased less frequently, making it difficult for app developers to justify committing
resources to the project. On the other hand, more focused apps also have less content to
cover; to some extent, this lessens the work of development. App maintenance and
design is not an easy task however, and both of the more specific apps used in this school
suffered from multiple design flaws and bugs.

For example, Counting Money was quite hard and often did not provide alow

enough entry point for many students. Tell Time was effective, but quite procedural and
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the app design felt outdated. Of course, design is an ever changing target in the app
world, and this rapid evolution makes it difficult for small developersto keep up. All of
these factors make it difficult for developers to devote the time and resources necessary
for aquality app, while still making the app broad enough to encourage purchases and

maintain a sustainable business model.

Student Attitudestoward Mathematics on iPads

A large part of effective game design is difficulty and how it scales over the
course of the gameplay. Despite the popularity of Math Bingo, not all students responded
well to agame being easy. For many, especialy higher performing students, the
difficulty of the task made it more challenging and fun. In theinterviews with
Benchmark student Ethan, he expressed boredom and frustration with mathematics

games on the iPad:

Researcher: Do you feel like you're pretty good at using your iPad?

Ethan: [hesitantly] | am, but | get bored of the games.

Researcher:  Oh, ok. So what games do you play on there?

Ethan: My old favorite was Splash Math but now I’m kind of forced to do

it, because I’ m done with Addimals.
[...]

Ethan: | really like Wings, but everybody in the class has to be done with
Addimals before we get to do that.
[...]

Researcher: Do you like using the iPad for math?

Ethan: Right now, because the two apps that they have I’ m bored of, so
not really now.
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Researcher:  Sure. When you first started using those apps did you like them?

Ethan:

| loved them. Then | stopped liking them.

Clearly, Ethan’ s boredom with the apps was affecting his affective engagement

with the subject. However, most students seemed content with the difficulty of the

gameplay in mathematics apps. For example, several experienced speed difficultiesin

Addimal Adventure. In order to obtain the gold square and compl ete the puzzle, students

had to solve addition problems within 3 seconds. For students using the various methods

in the app—counting on, doubles, or making tens—this was often not quite enough time

to solve the problem. If they didn’t have the fact somewhat memorized, it was arace

against time to get the answer. In oneinterview in the Intensive & Strategic group, Aiden

discussed his frustration with Addimal Adventure at times:

Aiden:

Researcher:

Aiden:

Researcher:

Aiden:

Researcher:

Aiden:

Because there’ s this evil guy, you have to remove the blocks, find out the
answer, but he has hislittle robot that has this chainsaw that cuts metal.

I’ ve seen that, he’s coming across, so you have to be really quick about it.

Y eah, you have to think quickly. So | don't really do that one becauseit’s
much more harder. But I’m almost finished with the puzzle.

| see. Because on theiPad you're using your fingers, so you haveto do it
al inyour head. But on apicture and paper, you can draw a picture or put
your pencil and down and use your fingers.

Y eah [nodding]. But if he cuts one chain, then there' s only one hanging
on and then alittle bubble comes up and it takes a break and tells you
something. That’swhen | actually use my fingers.

| see.

| don’'t always make it do that, because, one thing you wouldn’t really get
any gold. Because you need the gold to show the picture.
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Researcher:
Aiden:
Researcher:

Aiden:

[..]

Aiden:

Researcher:

Aiden:

Sure. Do you feel like you're getting faster at those?
Yes.
So you're able to get the pictures alittle bit better?

Especiadly, there sthis, if you don’t get it by the time it cuts each chain, it
shows ared block and it fallsand it will cover up that answer on your
puzzle, so it won't show that half that you just got wrong. If you got
green, you can only see the green, and once you got it gold, you can
actually seeit.

So this, like, math line, with numbers. I'm up to fifteens, so you have to
hurry up and get it. [...] akidinour class, shegoes“1, 2, 3, 4, 5" and
then swipes, but | think it's easier to just tap and then lift because then you
have more time instead of just going.

| see. So when you're figuring out the answer, do you just know it in your
head, or do you have to solveit very quickly?

You haveto solveit really quick. | sometimes have to use my fingers and
| makeitintimebarely [...] you have to work, because on the iPad you
really gottawork fast.

The speed requirement for successin Addimal Adventure not only encouraged students

to discuss strategies for the app, but to search for ways around the difficulty aswell. In

fact, in alater interview, Aiden confessed that he sometimes resorted to using a* cheat

sheet” in the Speed round:

Aiden:

Researcher:

Aiden:

| keep alot of problemsin my head, and then if | want to finish a story on
something | haveto put it in my head or put it on the paper. Or sometimes
| just put it on a sheet of paper, the answers on Addimals, because you
have to work fast.

So that way, you can have your paper and use it?

And to actually put the same answers that you' re just working on
practicing. But it’skind of like cheating.
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Researcher: | see, because you' ve got it beside you when you're playing it.

Aiden: I’ll either just do one problem, | only do one because otherwiseit’'s
cheating, the whole game.

Researcher: | see, that makes sense.
Aiden: Then you don’t want to cheat, because you don't really get your math
done.
Clearly, he was somewhat conflicted, since he considered this method as not really doing
hismath. However, it is an understandabl e reaction for a student who is confident in his
ability to solve the mathematics problemsin the app, but is simply not able to do it within
the required time limit.

Of course, this was not the only approach observed. The speed difficulty of
Addimal Adventure actually encouraged some students to stick with the app. One
student in particular, Jessica, who was much less proficient at addition than Aiden, was
observed simply tapping answers on the number line before the teacher came near and the
student began to focus on the game. Later, in a one-on-one help session with the
researcher, the student confessed to being frustrated with the difficulty of the app—she
had been stuck on the first quadrant for some time and could simply not seem to get the
last few blocksin time.

As Aiden mentions briefly above, missing an answer causes one to lose progress
inthe app (“it shows ared block and it falls and it will cover up that answer on your
puzzle[...] If you got green, you can only see the green”). For every step forward in the
app, Jessicafelt she wasfalling back two. For example, given sufficient time, she was
consistently able to find that 7 + 8 is 15. Her preferred method appeared to be “counting

on”, and in the heat of the moment, she would often make a counting error, resulting in
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an answer of 14 or 13. She would immediately recognize her error and repeat the correct
answer, but she had already lost a block nonethel ess.

However, despite this tendency, after enough attempts Jessicafinally started to
see the result without counting on each time. She eventually found that she ssimply
“knew” the answer to certain addition facts. She often expressed surprise at this
memorization; as she said on one such successful answer, “1 don’t know where that came
from.” After enough time, her practice and dedication paid off. The student was ecstatic
when she completed quadrant one and unlocked the next two. Rather than rest on her
laurels, sheimmediately ploughed into them, and while she wasn’'t immediately
successful, she was visibly proud of her accomplishment and for every new block gained.

While Jessica might have simply been experiencing the memorization of addition
facts, the researcher doubts the student would have stuck with aworksheet or flash card
on her own as long as she did with the app. Her engagement with the game gave her the
drive to keep working on the problems, rather than submit to frustration and drift off task.
The researcher had never witnessed this student have such a positive reaction to any other
problem in mathematics. Admittedly, thisis but a single anecdotal description, but if
students are to be resilient in mathematics, they need these sorts of positive experiences
to provide the incentive to struggle through difficulties (Aiken, 1976; Habgood &
Ainsworth, 2011; Kim & Chang, 2010).

Thislevel of engagement with the iPad was not uncommon, as the teachers
reported in their interviews. The Intensive & Strategic teacher mentioned this as being

particularly important for her students:
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Teacher:

[..]

Teacher:

[Our apps] aretypically al the lite version, because they’re free.
But | think it gives the kids great practice, | think they’re totally
engaged, and that’ s huge and | think it's awesome, | can’'t imagine
not having them.

| think the kids are so engaged and they can work at their own
pace. | think, yeah, it'sgreat. | can’t imagine not having them
now. [...] they’re so savvy with them, too. [...] Use atouch screen,
figure out how games work, find out if there’ s little twists or turns
or challenges that they need to meet in order to like build their
nest, they totally figureit out.

The Benchmark teacher found that it helped her students spend more time on task as well,

and that apps gave her the opportunity to expose students to concepts they’ d learned in

task, but in aslightly different form. This allowed students to gain more flexibility with

mathematical concepts:

Teacher:

If | had to take them away, I’ d be really sad, because | do think it
adds an element of, it just sparks their interest so they stay alittle
more focused and you can adapt it and, like you’ ve seen, you can
reapply what you already know, but in a different fashion so
you're....lI guess the time on task is much more focused, | think.

Of course, there are other ways to foster student engagement with mathematics than using

iPads. Oneinteresting possibility is the interactive whiteboard, but not for the

possibilitiesit gives the educator. The Intensive & Strategic teacher observed that her

students were more engaged by the interactive whiteboard, partialy due to its similarity

to a screen:

Teacher:

[We use the] Interwrite board all the time, yeah. | like that, | think
it'scaptivating. [...] | think it'sbigger, | think it'salmost like a
movie screen for them. And | don’t know if the light playsinto
that aswell and | think [...] it does seem to be much more
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captivating and attention grabbing. Maybe it’ s this generation,

they’ re screened.
While further research would be required to determine how much the “ screen” factor
playsinto student engagement with whiteboards, the comment should give researchers
pause. When adults assume they know why students engage with certain technological
devices, they run the risk of imposing their perceptions on children. Researchers must
take to care to discuss technological interactions with students lest development resources
are devoted to aspects of devices with which students are not concerned.

For example, despite the student engagement with the iPad observed by teachers
and the researcher, when questioned in the interviews, two of the Benchmark students
(Ethan and Sophia) and one of the Intensive & Strategic students (Aiden) expressed a
preference for doing math with a pencil and paper. As Ethan put it when asked which he
preferred,

Ethan: Y eah, pencil and paper, | use pretty much anything that | can use
for math, | would use. Likeif | wasin the street now and | was
bored, | would pull out my homework and doit. [...] I likedoing
it with pencil and paper.

Researcher: | see. Ok. And why do you like that better?

Ethan: Um, it'sbecause | really just, | want to work on my writing, so
that’ s pretty much the reason, and that was the first way | learned.

Thisis perhaps a convincing reason to have students continue working on paper,
especially those who have trouble with writing. In fact, writing was also a factor for

other students who preferred the i Pad:

Researcher: Do you think it's more fun doing [math] on the iPad?
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| sabella:

Researcher:

| sabella:

[...]
|sabella:

Researcher:

| sabella:

Jackson:

Y eah, and also you don’t have to write the numbers.
Oh, so you don't...

It's aready written and you just have to pick which one fitswith
the equation.

Because, sometimes when | write with the pencil, it gives me
blisters.

| see. So you get blisters when you write with the pencil too much,
but the iPad screen, you can just...

Touch onit.

Because you don’'t have to use your strength, you have to just
touch it.

While Isabella and Jackson chose the iPad in an effort to avoid writing, Emma preferred a

whiteboard and marker specifically because the iPad and pencil limited her ability to

write:

Emma

[..]

Emma:

| like using...well the iPads are alittle hard to write with, it' s just,
| had an iPad thing [stylus] so | could just writeit. Becauseit's
hard to draw on the iPad. Because it might messup...

Yeah. It'skind of hard with the pencil, so it'skind of hard to draw
circles. Because when you use a marker, you can just put a dot,
dot, dot. Yeah, you don't haveto like, circle, circle, circle, but on
our pencils, we have to. Because you don’t have to have a pencil
and writeon it. So you don’'t have to do that and you can just tap
onit.
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However, Aiden’ s reason as to why he preferred doing math with a pencil and

paper had more to do with the way in which the iPad affected and limited his ability to do

mathematics:

Aiden:

Researcher:

Aiden:

Because, when you're on theiPad, it just like says... you can’t
read it by your own self. And it doesn’t have, because you can't
use your fingers, and it says problems that you don’'t even know.

Ok, so | think | see what you mean. Let me seeif | understand you
there. Soyou like it on pencil and paper more because. ..

Y ou can actually read, use your fingers, where the iPad on
Addimals, you can’t really use your fingers.

Given his earlier concerns over the speed of Addimal Adventure, it is not surprising that

Aiden preferred the freedom to solve problems at his own pace without being pressured

by atimer in an app.

Student preference for doing mathematics with a pencil and paper, a whiteboard,

or an iPad has much to do with their conceptions of the nature of mathematics and what

formsit takesin each medium. For example, when asked how they did mathematics on

the iPad, over half of the students interviewed referred to games first:

Researcher:

| sabella:

Researcher:

| sabella:

Researcher:

| sabella:

Do you like using your iPad for math?

Y eah.

Do you ever useit for math at home?

| don’'t have any math games onit.

Ok, | see. Soisthat how you use your iPad for math, math games?

[nods yes)|
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Aiden: Y eah, thisone app is called Splash Math Chapter 1 that we can do
yet and Chapter 2, and it helps you with math, it helps you with
reading, and it has alot of stuff.

Researcher:  Wow, that’scool. | didn’t realize it helped you with reading also.

Aiden: Y eah, because it has problems that you need to read.

Noah: We usually just use like math games or books...

Some, however, thought of Educreations interactive whiteboard first. In the first round of
interviews, Emma was the only student to immediately think of mathematics on the iPad
as being Educreations:

Emma Y eah, we useiPads. Sometimes we go to Educreations. So if we
were doing a problem, we would just go there and then you pick
your color to write with and some people go on the board and
write.

In the second round of interviews, this was the case for Isabella, but Emma’ s mind now
went to games first:

|sabella: Uh, we use Educreations to do math problems and it’s fun to me to

also go on math apps. [...] | think the fun part is that you get to use
your iPad and you get to color with it.

Emma Yeah. I'velearned some new apps, like my friend showed me and,
it's about this game that you, you’ re supposed to count.
Of course, this doesn’'t reveal exactly how the students conceptualize mathematics, but it
does provide an idea of what sort of activity on the iPad they associate with doing math.
One should also be careful when discussing a second grader’ s conception of

mathematics as awhole. At this developmental stage, they are till discovering the nature
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of the subject and are operating at arelatively concrete level. For example, when asked if

she felt she was good at math, Emmareplied “Yeah, | feel likeI’m really good at math.

[...] 'mreally good at making one hundred boxes and ten sticks and circles.” This

concrete conception of the subject was a so reflected in student responses when they were

asked to imagine solving a hard math problem. Several examples presented themselves

ininterviews;

Ethan:

[..]

Researcher:

Ethan:

Researcher:

Ethan:

Sophia

Researcher:

| sabella

Researcher:

| remember them in my mind, after | figurethemout. [...] |
usually use other ones | have in my mind, like easy ones? And |
put those together and use those to get up to that other number and
then | can actually use thoseto...likeif | aready know 8+8, 9+9, |
know my doublesreally well. Soif I just, if | see adouble
anywhere in aproblem, | do that after | do the other things. And
when | get that, | just know it like, click, in my mind.

Isthat pretty much what you normally do when you have a hard
guestion, do you think?

Yeah. Sohow | liketodoitis| liketo memorize every single
problem | do.

Oh, wow.
| try to, at least. And | keep them in my brain and then | can use
them for other times.

9times 3. [...] I'ddraw it out.

Can you think of a hard question you had to answer in math lately?

Y eah, but it was like one thousand, three hundred and ninety nine,
but | don’t remember what the numbers were.

Of course, | don’'t blame you. That’sabig number. So that was a

hard question it sounds like. How do you normally solve a hard
question?
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| sabella:

[...]
|sabella:

Emma:

[..]

Emma:

Aiden:

[..]

Aiden:

Researcher:

Aiden:

Jackson:

[...]
Jackson:

Researcher:

| add the ones, then the tens and if there' s hundreds | add those.

Uh, | draw it out. Like, if it was subtraction, I'd try and subtract it
without messing up.

| like when we just do math problems, hard math problems | don’t
know. Likeif we do anew math problem we've never done
before, | would just get going and if I’m confused | just draw aone
hundred box and do the thing.

Y eah, because when you become alittle bit better at math you just
forget the number, what one you were doing, before it was really
hard for you, now it'snot. [...] Well, how | figureit out islike, |
like doing proof drawings]|...]

| use my pencil and like, if it's a one hundred, | make a one
hundred, then like, one hundred fifty I make five lines, and then |
can just see the answer. | can count up.

Yeah, | use my fingers sometimes, proof drawings sometimes, but
on the iPad you have to think it in your head.

Think it in your head, ok. And when you're solving that and
figuring it out...

Sometimes on Wings | just hit pause, and then | can actually think.

| just use my fingers or just go to our free choice and grab a couple
blocks and put those together and do that.

| ask the teacher if | can use some blocks.

Oh, ok. So you use the blocks to answer a hard question? | see.
Why does that make it easier, do you think?
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Jackson: Um, it’s pretty much blocks, that, if you have a whole bucket of
blocks and you’ re doing your math, you can put them al on here
and just count.

In al of these examples, the students do not seem to be thinking of mathematics as an
abstract field, but as cal culation—specifically, addition, subtraction or multiplication.
Some even try to memorize every problem they’ ve ever done. Difficulty has moreto do
with the size of the numbers than the question. Only Jackson referred to the use of
manipulatives, but several students described using their fingersto calculate. None of the
students referred to the difficulty of reading and interpreting word problems or spoke of
problem solving in the abstract.

While this should not be surprising given their age and exposure to mathematics,
one should be mindful of this tendency when discussing mathematics with and designing
mathematical apps for elementary students. Apps should take care to adapt mathematical
language and presentation of material to the appropriate age level. While students may
be able to figure out and play a game without fully understanding the rules or material,
thisis not a productive use of time. Teachers must also keep in mind that student
progress in a game may not always equate to understanding of the mathematics. This
should constantly be evaluated by other forms of formative assessment, and
conversations should be encouraged between students and teachers about the
mathematics. After all, while incorporating iPads in the classroom provides a new source
of instruction for students, teachers shouldn’t rely entirely on the devices to assess
student understanding—especially to the detriment of the qualitative assessment that can

be gathered by having students explain their thinking.
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Student Attitudestoward M athematics

As students discussed how and why they work hard in mathematics, it was

interesting to observe how much their parent’ s attitude toward the subject appeared to

influence their own (Disney et al., 2013; Eccles & Jacobs, 1986; Giacquinta et al. 1993).

Sometimes this took the form of behaviors in mathematics:

Emma:

Aiden:

[..]

Aiden:

Also, sometimes | go on PBS Kidsand | go on math problems|...]
and when | get onewrong | haveto doit again. [...] | do that on
my mom’s computer. Sometimes | have to do that so | get math
stuck in my head.

Because you get to learn alot about, what’ s that and what’ s that.
[...] And you know, then when somebody asks you, “1 forgot, can
you help me with this answer”, you can show them a proof
drawing, you can help them, you can say “24, I’ ve had this
problem in my class, so | can help alot”. But then when they say,
and they could also say “hey dad, isthisright” and you'll have to
check it.

| don't really careif | get it right, but our mom wants my brother
and meto get A plusesalot, so yeah.

In Aiden’s case, this also took the form of not immediately reaching for the calculator

when trying to solve a mathematics problem:

Researcher:

Aiden:

Researcher:

Great. So you guysdon’t only do math on the iPad, right?

No, so we can do it a home. | don’t use my dad’ s phone because
if you like, do a problem and then hit equal, it just shows the
answer.

Sure, it just has a calculator.
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Aiden:

[..]

Aiden:

Researcher:

Aiden:

Y eah, and if you use your dad’ s phone and then hit equal and it
just shows, that would be not really doing your homework.

Learn alot and you don’t have to actually go online and look up
the answer.

You don’t haveto look it up, you know how to do it yourself?

Y eah, you just know how to do it.

Also of interest was how students were already devel oping attitudes toward intelligence

and mathematics ability. These attitudes can affect student performance in mathematics

at al ages, as students begin to take on high or low status in math (Crespo &

Featherstone, 2012). When asked why they enjoyed mathematics, students often

associated being good at math with being smart. Some examples from the interviews are:

Aiden:

Jackson:

Ethan:

Because you learn alot. And it getsyou smarter.

Y ou get to think alot and use equations and stuff, like in your
mind, and it helps you get smarter and when you get to college,
you can go to college.

Uh, | was born with amath minded brain, because my Papawas a
teacher and really good at math, and my grandma was a teacher,
she wasreally good at math.

Clearly, attitudes regarding innate mathematics ability and intelligence are already

beginning to form at this age, even if we are perhaps simply hearing the voices of parents

reflected in the student responses. However, given the timed nature of many iPad apps, it

is not uncommon for students to begin to associate speed with success in mathematics
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and intelligence. Educators and app designers must take care to not encourage such

attitudes to the future detriment of students who are not as fast in solving mathematics

problems. This could be accomplished by designing games and activities that focus more

on creative problem solving and cooperative progress throughout a subject area than on

speed and competition.

Student Technological Confidence

Generally, students did not seem to express enthusiasm for the iPad—they simply

spoke of it as part of class. However, they did express frustrations with the device and

apps at times. For example, in reference to Educreations interactive whiteboard, students

were often annoyed that their saved drawings and work would periodically be del eted:

Ethan:

| sabella:

Oh yeah, used to like it, but then they took away all my pictures
that | made.

Ugh, if you don’t go on it every day then it erasesiit.

Surprisingly, only Sophia made mention of a Splash Math 2™ Grade error where the app

will often display overlapping text in the answer section (discussed in more detail later in

this chapter, see Figures 39, 40):

Sophia

Researcher:

Sophia

Researcher:

Sophia

Well, sometimes. Onetime my iPad glitched alittle bit.
What did you have to do to fix it?

| had to turn it off.

Ok.

Except it still doesn’t work, so | can’t go on that anymore.
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Evenin her discussion of thisissue, Sophia expressed confidence in how to deal withiit,

despite the problem not being entirely fixed.

Generally, students were observed to be quite savvy in figuring out the devices

and learning how to deal with common issues. When apps would crash, they were

frequently observed opening the active apps menu and closing multiple apps that were

running to reset them. Student interview responses also revealed confidencein figuring

out apps and games, despite sometimes lacking the vocabulary to precisely describe

them:

Ethan:

Aiden:

Researcher:

Aiden:

Ethan:

Emma

Researcher:

Emma:

Yeah. I’'m good at using practically any electronics.

| know games, everywhere, then if somebody needs help | can just
show them, or if they can’t find it, | just swipe two fingers down it,
and then it’sjust like that.

Ok, so you can swipe down two fingers and find the app?

Y eah, it just shows a search, so you just type in one letter and it

will show some games, so you have to keep searching until you
find.

[...] | can pretty much if you give me agame, | can figureit out
how to do the rules.

And if it saysto the two hundred, you’ re supposed to do that and it
goes to the two hundreds? [gestures a pinch]
So you pull your fingers together?

Yeah. Sol haveto go readlly fast.
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Teacher Attitudestoward Mathematics and Technology

These students’ attitudes toward mathematics were also affected by the attitudes

of their teachers toward the subject (Larkin & Jorgensen, 2014). Theinterviews revealed

astark difference between the teachers in this study in regard to mathematics confidence.

While the Intensive & Strategic teacher was confident and successful in mathematics as a

student, the Benchmark teacher primarily recalled struggling with the subject. She

reported alack of confidence and success in mathematics as a student, but described a

growing appreciation of the subject as she taught it more:

Teacher:

Researcher:

Teacher:

[..]

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Math was not my forte. And | did not feel stronginit. | felt much
better with language arts and things like that. But as a teacher,
math is actually my favorite thing to teach, right now.

Really? Why?

Y eah, out of everything. | don’t know, | guess| really enjoy the
talk of math, | like to seethe ah-ha's, | like to see success and |
think with this program and with the way | teach now, | think
there'salot of successand | just redly thrive on it.

Kind of unpleasant. Yeah. Because when | was taught, | basically
was just told what to do to get through the problem, but didn’t try
to apply it to something that would link me in personally or to
make it relatable to our own world. Really, not good.

So it became more interesting then as you started to try to teach it
to students?

Yes. | lovedit. All of asudden my eyeswere just opening. And
evenin college, | didn't like the way they taught us our math for
elementary at al.

Wasit very rote?

Yes. Agan, it wasjust algorithms.
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[...]

Teacher: | feel alot more confident now that I'm more mature and have
taught math many years. And | have the foundational, honestly,
the skills, because | think we were just rushed through math so
quickly. And taught how to do the math without the knowledge of
the basics of it. You know, kind of like the algorithms,
specifically. So, | think the kids who were lower, like me, | didn’t
think | was a great math student at all, were just kind of pushed
through and rushed through and not given the necessary time to
build that benchmark base....

[..]

Teacher: Barely holding on, but not given the extratime or made to feel like
“you’'refine, you've got it” just provide some more practice, you
know, modelling—no, never.

The Intensive & Strategic teacher, on the other hand, enjoyed learning mathematics as a

student and teaching it:

Teacher: And | love math, math has aways my favorite. It was my favorite
subject as akid.

However, the Benchmark teacher actually felt her negative experiencesin mathematics as

a student helped her to better identify with her students and their difficulties:

Teacher: | think even at the beginning of my teaching career | felt fine
because | was teaching the lower levels, but | think I’m much more
methodical and | think | have much more background knowledge
to share with them now that | totally understand. And I remember
how | thought—actually sometimes | think it helps methat | wasa
struggling mathematician because now | can identify more with
them.
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Clearly, even poor experiences in mathematics as a student do not preclude a teacher

from being effective at and enjoying teaching mathematics.

Another factor influencing student attitudes toward mathematics in this study may

have been the curriculum and textbook the school was using, the Common Core aligned

Houghton-Mifflin Math Expressions. Both teachers reported significant changesin the

curriculum since the beginning of their teaching careers roughly two decades ago.

Teachers felt the new methods and materials supported different types of student problem

solving and encouraged the knowledge of multiple algorithms:

Teacher:

Researcher:

Teacher:

Teacher:

WEéll, | think now, from the beginning there’ s just so many
strategies offered and kind of a more open ended way to solve,
whereas before we just kind of pigeon-holed and showed kids just
the rote ways to do things, but now we' re doing the explaining and
the understanding and “ show me how you understand” and | just
think it’s so much more successful.

So as far as the algorithm of “stack it,” or “put the 1 on top or the
bottom,” before did you pretty much go from basic addition facts
to “here’ s how you add?’

Y eah, maybe manipulatives. And then it went straight to “carry
your ten.” And that’sit, instead of quick draws and all the other
methods or even combining them together. And even just the
things like kids don’t know that they do, but making it apparent to
them, like our anchor numbers of tens—all the tens. Our anchor of
fives—fives are beautiful for kids to anchor to. Understanding
doubles, doubles plus one, it just helps them to maneuver around
those numbers much more quickly.

Yeah. Well, the vocabulary is different than when | first started
teaching 2™ grade. And actually, the whole, quick draws, showing
your work, all of those things, there's a much higher expectation
for that, making sure that kids really understand what they’re
doing. We'vereally gotten away from just learning the algorithm
and really moved more toward “show me that you know.” Really,
there's a huge expectation for kids to be able to explain their
thinking, and | think that’s great.
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[..]

Teacher:

[..]

Teacher:

And | think with the new curriculum, | think it’s easier to teach
than the old way where we just, kids were kind of taught there was
one way to do things, | think with Math Expressions and you teach
the kids a number of strategies and then they choose the one that
works best for them, | redlly like that. | do wonder alittle bit about
Math Expressions and how devel opmentally appropriate some of it
is. | think the pacing might be a bit much for some 7 and 8 year
olds, and that worries me a bit.

| notice a difference with the Common Core aligned Math
Expressions that it's amped up alot, and what’ s really got me
thinking about that is, because | work with the strategic and
intensive math students and | know what the third grade
curriculum looks like, and it worries me for them because they just
need more repetition and alittle slower pace. And so many of
them have really gained confidence as mathematicians, and | worry
that that's going to change. | know, gosh, years ago | taught 4™
grade, and some of the stuff we teach in 4™ grade is now taught in
2" And | really do wonder about the development aspect of all of
that.

It isworth noting that both teachers expressed positive opinions of Addimal Adventure
specifically based on its use of multiple models for addition, many of which were

represented in the textbook as well.

There were concerns over the new curriculum aswell. Foremost among these

Teacher:

was aworry over possibly increasing gaps between higher and lower performing students
as aresult of the increased difficulty of the curriculum. Thiswas the reasoning behind
their decision to implement a Walk to Math program this school year. Asthe Intensive &

Strategic teacher mentioned in both her interviews:

Thisyear was alittle more challenging with having so many
intensive and strategic kids in our math class. | think it's amazing
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Teacher:

[..]

Teacher:

[..]

Teacher:

that we can have a smaller strategic intensive group, but the kids
learn at such aslower rate. So that’s kind of achallenge.

But it isreally interesting, from 4™ grade in the early 90s, to 2™
grade in 2014, many second graders are learning what we used to
teach in 4™ grade. [...] I’m sure there were alot of second graders
that were probably bored in math because the pace was pretty slow
and they were probably ready for more. But | think the kids that
were struggling didn’t fall as far behind, because the pace was
slower.

So it’'s amazing how much quicker acquisition is expected and
most kids are up for it, so it’s super cool. But | think that we're
seeing the gap get wider as the curriculum gets more rigorous. |
think that the kids that have the basic skills are zooming and that
the kids that don’t have the basic skills are struggling because of
the pace. [...] It'sachallenge, and really, mastery isthe goal for
everybody in math.

[...] particularly with the learners at the intensive and strategic
level, they really need more one-on-one or small group, and most
of them are non-readers. So that isreally adisability for them, so
it'sjust awesome and powerful. And | think that hour flies for
them because they’re so engaged. And | think that [...] making the
decision to do Walk to Math, [the Benchmark teacher’ g
willingness to take on a bigger group and all that has really been
amazing for the kids because if most of these kids werein aregular
math class, | think they’d be really, really struggling.

Certainly this teacher recognized the different needs of individual studentsin her class

and was attempting to meet them all. The decision to implement a Walk to Math

program was the best way the teachers saw to get students with intensive and strategic

needs into a smaller classroom where they could receive effective and productive

mathematics instruction. Asin the example of Jessica, thisled to more successful and

positive experiences with mathematics than they might have otherwise experienced.
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However, the teachers were not blind to the possible downsides of this sort of ability

grouping. There were concerns over missing role models of higher achieving students, as

well as how the studentsin the Intensive & Strategic group would fare when they entered

an integrated mathematics classroom the next year.

Teacher:

[..]

Teacher:

[..]

Teacher:

| really am torn about it too and | think one of the things the
intensive and strategic kids missis that modeling by benchmark
and benchmark pluskids. | really feel it’stough and | know alot
of schools are moving towards clustering, which really is tracking.
And philosophically, I'm really torn.

Anyway, | think that, | think with Common Core probably what
we' ve seen too is that the gap has become wider. Those students
that are proficient and strong in math, they’re just flying, they’'re
sailing, doing awesome. And the kids who need more repetition,
and who have some holes, they are, it's much more difficult for
them to keep up the pace.

Thisyear, we're particularly having agroup that is strategic and
intensive learners. I'vereally had to take alook at how | teach and
maybe scaling back the number of strategies that I’m teaching to
kids, so they’re not overwhelmed. And then constantly staying
current with assessment on what they know and filling that in.

And then this group has been particularly challenging because

we' ve had so many kids movein and out. And so many of the new
kids haven’'t had Math Expressions or are significantly behind in
math too, and so just trying to figure out where their holes are and
catching them up as best we can has been, you know, a challenge
and takes assessing and just finding out how you' re going to reach
those kids.

The last quote brings up another issue complicating matters this year, which was the high

number of students transferring in and out of the school due to families moving.

Changing schoolsis adifficult transition for any student, but may be especially difficult
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for a struggling one (Kerbow, 1996; Rumberger, 2003). In this situation, the differences
in the instructional environment may have been compounded by the presence of a one-to-
oneiPad initiative. The transition between classrooms with and without such devices
might significantly affect a student’s mathematical attitudes, especially if their primary
mode of success in the subject was on the iPad.

One possible method of bridging the widening gap between higher and lower
achieving students would be the differentiation of instruction using more specific and
focused apps. The Benchmark teacher envisioned this as a possible means to provide
custom, individualized mathematics education to her students.

Teacher: But that’ s what’ s good about the iPads, if we could have alittle bit
more funding and alittle bit easier downloading of these apps, it
really could be very individualistic. Super individualized.

Researcher:  So you'reimagining adifferent payload for each student.

Teacher: Exactly. So, the kids that are with you, over in [the Intensive &
Strategic] class, they’d be working on Splash Math 1% grade. And
then we' d move them into 2™ grade when they’ re ready. These
guys, 2" grade, we'll move them into 3" grade.

The Intensive & Strategic teacher saw a similar advantage in differentiation, but focused
on the assessment possibilities it might bring.

Teacher: | think it’s super cool how engaged the kids are when they are on
an iPad, and | think it’s differentiation, right there. Some apps are
better than others. And because our budget is really low, primarily

we'reusing al free apps. So, the assessment tool is not as good as
it would beif you were buying the paid version.

[..]
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Teacher: | really don’t use those as an assessment tool. [...] | think that one
of the things | do have as agoal isto use some of the iPad apps
more as an assessment tool. Y ou know, just not there yet.

The possibility of using iPads as assessment tools was appealing to teachers, but had not
yet been implemented. Partly this was due to the need for full versions of apps, which
were limited by the budget. However, the lack of technological support and training in
this area was also afactor.

Of course, as both teachers mention, such differentiation in instruction requires
technical support and funding to make it successful. This school deployed apps to the
students’ iPads only once per year. Over the summer, iPads were repaired, replaced,
wiped, and configured. Using aMac Mini and the Apple Configurator software, al of
the apps for all subjects for each grade wereinstalled on the iPads. Asthe students did
not have administrator access, these could not be updated without reconnecting them to
the administrative computer. However, thiswas a time consuming and technical task.
While most of the technical hurdles they originally experienced—too little storage space
for the iPad images on a Macbook Air, confusing instructions and workarounds from
technical support—had been solved over time, the inconvenience still resulted in iPads
only being updated once per year. In order for individualized instruction to become a
reality on the iPad, the devices would need to be updated more frequently to address
software errors and change app “payloads’ for each student based on their progress.

Even without being able implement such differentiated iPad use, both teachers
reported that having iPads in the classroom significantly changed the way they taught

mathematics. In response to questions about whether the devices had affected her
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teaching, the Benchmark teacher mentioned they forced her to be more “progressive” in

her teaching and expressed her initial concern with the program:

Teacher: Yes, | really dolikeit. It'smore progressive, it makes me feel like
| need to be more progressive in terms of how | teach. So | try to
be cognizant of how could | make this more adaptable or more
current to what kids want to see, or how they learn, or whatever.
Soyes, it does add alittle spark. | liked it.

Researcher:  Ok. And you think the kids like them?

Teacher: Y eah, they love them. [...] They do. Although, Ethan, he prefers
to do paper/pencil stuff.

[..]

Teacher: Weéll, from the beginning at first, | was really nervous using them,
because | always thought there' s going to be a malfunction, and
it's going to have downtime, the kids are going to go crazy, what
do you do? And | just didn’'t want to go there at first. But then as
soon as you move through those and, you know, you have good
classroom discipline, and you become more competent, then |
really have them incorporated every day, in terms of thinking what
I’m going to do with them, how is that going to impact what we'll
do, how much timeam | going to allow. So it does, it realy...|
don’'t know, it makes me think about how I’'m going to integrate
them, and if it’s acceptable for that day, or not, or whatever.

The Intensive & Strategic teacher didn’t comment on any worries or concerns she had
over the technology when the devices were first implemented. Rather, she focused on
how the devices improved the student transition to Walk to Math class and provided ways
to keep students independently on task:

Teacher: | think it makes it more fun actualy. | think it's, | think to have
that go-to piece, you know just for example, | often useiit first
thing on some days, as the kids are streaming in, and then they’re
all getting here at different times, | give them five or ten minutes to

warm up. And | think it encourages kids to hustle over and get to
math, get seated, get rocking and rolling. And then | also think, for
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early finishers, it’s great because they have something super
engaging math-wise to do, that they enjoy. So yeah, | think it's
great. | think it makes management really good, easier.

However, despite the positive effects on instruction reflected in the teacher

interviews, the integration of iPads into lessons was not always straightforward.
Teachers reported more work at the beginning of the iPad program. Integrating the
devicesinto the classroom was a labor intensive and challenging task. The Benchmark
teacher again focused on the initial technical difficulties,

Teacher: At first it was, because | didn’t want them to be on things that
weren't appropriate and awaste of time. But now that we have
most of the programs that we like downloaded, and they are
working, for the most part. Like you saw with Splash Math, with
the double screen (Figures 39, 40).

Researcher:  Sure, having that graphic problem.

Teacher: There' s always that stuff that just bugs you. So yeah, prep time
has been more, but in the last year, it hasn't been. [...] Yes, the
frontloading paid off. | think there’ s definitely alearning curve,
and also finding out which programs serve you the best. Or the
apps, | guess | want to say.

The Intensive & Strategic teacher seemed to feel that, while it was hard work getting the

devicesinitialy rolled out and set up, implementation had gotten easier with time:

Teacher: It's become easier as we' ve become more familiar with the apps,
yeah.

In fact, both teachers reported that they had to spend more time on reading lessons
than mathematics lessons, due to the many levels at which students were reading. While

this study didn’t explore the use of iPads in reading, teachers had several apps they used
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for the subject. The increased workload of differentiated instruction makesit difficult to
implement effectively in multiple subjects. Perhaps, iPads may present a means for
doing this more efficiently, especially as the teachers overcome the technical hurdlies
involved in customizing the devices for each student.

Despite three years of experience, there were still technical issues reported with
apps and devices, although teachers reported they had become less frequent. Both
teachers reported very high confidence in using the technology in their classrooms—
iPads, document cameras, interactive whiteboards, projectors, and computers. However,
the Benchmark teacher was less confident using technology at home, while the Intensive
& Strategic teacher was not confident at all. She explained this dichotomy as being the
result of the practice she received in the classroom by using the technology every day.
This lack of confidence with technology was possibly related to the concerns the
Benchmark teacher had about how the iPads would be used when they were first being
integrated in the classrooms:

Teacher: [...] it wasdaunting and | just didn’t know how we were going to
manage all of them. And | wasjust worried, as a mini-computer,
how were those going to be handled by students. But all my
worrieswere really put to rest rather fast. Except for asyou see, at
the beginning of the year, when we' re downloading all the apps

back onto the iPads and trying to manage those, it’ s tough.

Researcher:  So, the management end of them is hard, but as far as the way that
the studentsare using it...

Teacher: Lovely.

Researcher:  What were some of the fears that you had? Were you afraid they
were going to break them?

Teacher: Break them for one thing. Bein areas, like having access to
internet, where they shouldn’t. But that hasn’t been really a
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problem. We ve had a couple of kids that have perused around,
but they’ re savvy because they do it at home. [...] But our
district’s pretty good now with all the blocking, so | feel alittle bit
better.
This last issue of access to the open internet is a difficult problem to solve aswell. As
long as the students have access to the web browser on the iPad, they can navigate to any
website. However, blocking the app can not only cause connectivity issues with other
apps, but might prevent teachers from making use of helpful websites and other web-
based apps. The school district for this school made use of modern web domain filtering
techniques to prevent student access to inappropriate or objectionable content online.
However, the web browser is not the only point of access to the internet from an
iPad. Exposure to the wider internet was also a concern from advertisements that
supported many of the free apps being used on the iPads. Previously these were
discussed as a possible source of distraction, but since the advertisements are often hosted
by third-parties and contain links to webpages, it is common for them to inadvertently
serve inappropriate content (Tongaonkar et a., 2013). Without effective filtering, this
provides another vector for web access from the device.
Given the complexity of iPads, it is unreasonable to expect teachers to maintain
and be prepared for possible security loopholes such as these. Perhaps not surprisingly,

teachers expressed the need for more technical support and training in the use of iPadsin

the classroom. In regards to technology training, they responded:

Teacher: We need funding, we need more time, we need someoneto help...

Researcher:  Toroll those out to the iPads and to manage them.
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Teacher:

[...]

Teacher:

[..]

Teacher:

Y eah, to support us. | think they will be, in time, hugely
supportive. And | do think that they are supportive, but | just want
it to be alittle bit more focused. Very focused.

[Training was] horrible. | mean there were afew trainings, like on
the whiteboards. We've had no official, when we first got our
iPads, alittle bit of setup training and how to do it, but that’ s it.
And | think that because it was so new for usto have al and we
were kind of ...it's silly to say, but paving the way with those
iPads, because they were figuring out at Apple too when
everybody was trying to do all the iPads under one Apple book or
whatever.

So, | think just to address, first of al for the technology support,
it'sreally not existent in our city.

Given that this school received iPads from a donation, rather than as part of a coordinated

district-wide initiative, it was not surprising that a well-designed and funded technical

support program did not accompany them. Clearly, teachers felt there was much more

work to be done on thisfront. Indeed, the same concerns were expressed in the USDE’s

report on the problematic iPad program in the L.A. Unified district (Blume, 2015). Some

progress had been made—for example, bandwidth for the school had improved and

wireless connection issues had become less common. However, the problem still existed,

and caused frustrations for students and teachers:

Teacher:

Y es, our Wi-Fi is better than last year, which is better from the
previous year. But it’'ll drop right inthe middietoo and it’s
frustrating for the kids.
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Interview Ratings

While studentsin the Intensive & Strategic group often had higher ratings than
Benchmark studentsin the interviews, it is difficult to draw any firm comparisons
between the two groups. Not only is the sample size too small for statistical inference,
but the students were not randomly sampled. Since they were chosen based on their
propensity and ability to speak about their thinking in mathematics, it islikely this
influenced the types of studentsinterviewed. Also, the interviews were conducted in an
open-ended fashion to allow for more comments from the students, rather than in the
format of filling out a questionnaire. In addition, verification coding performed by a
second coder revealed enough variation in ratings for concern. In alarger study with
enough interviews to provide atraining set, coding training would need to be performed
in order to make interview ratings more reliable and consistent.

However, even given all of these caveats, it was pleasantly surprising that student
attitudes toward mathematicsin the Intensive & Strategic group were quite positive.
These students were just as confident in mathematics as the Benchmark students seemed
to be. Teacher interview ratings were quite similar to each other and between interviews.
The most noticeable difference was that the Benchmark teacher scored lower in
technological and mathematical confidence. Thisisevident in the interview responses as

well.

App Progress and Quiz Score Analysis— Splash Math 2nd Grade
Despite the frequent availability of the Splash Math 2" Grade app, student

progress in the eight sections covered on the quiz had a mean of 41% in the Benchmark
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group and 18% in the Intensive & Strategic group (Tables 15, 18). Boxplots of the data

reveal relatively symmetric distributions for both groups' app progress, and only two

students overall who had more than 70% progress (Figure 26). Similarly, there were few

outliers on the low end—only two students had not attempted or made any progressin the

app. These situations could have been due to software errors on the iPads aswell. The

vast majority of students had worked in the app, but had not made much progress.

This could have been due to a number of factors. A relatively recent update to the

iPad had caused graphics issuesin Splash Math 2™ Grade, resulting in overlapping text in

the answer section (Figures 39, 40). Thismade it very difficult to read the possible

Figure 40. Splash Math 2nd Grade
graphicsoverlay error in answers.
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answers. Teachers even had to resort to having the students focus on a particular color
when reading in order to be able to see the text in the overlap. Obvioudly, for students
who were not strong readers, thiswas avery difficult task.

The lack of recorded progress was compounded by the fact that Splash Math
allows for unlimited guesses on all problems. Since all problems are multiple choice, and
there appears to be no penalty for guessing, students were often observed simply tapping
answers until it was correct. It was unclear whether they were even actually reading the
problem statement. While this sort of behavior was discouraged when it was noticed, it
was nonetheless frequently observed, especially among students who were lower
performing in mathematics. This also revealed alack of engagement in the game.
Students enjoyed playing with their aquariums, but the rewards therein depended on
performance in the practice portion of the app. It may be the case that these rewards were
too separated from the work of mathematics, and did not provide enough of an incentive
for students to engage and work hard within the mathematical environment of the app.

While Splash Math 2™ Grade scores were positively correlated with quiz scores,
the correlations were weak for both classes combined and analyzed separately (Figures
25, 28, 29). Linear models controlling for unit test scoresin both groups also showed
that app progress had no significant explanatory power in describing the variation in quiz
scores. Students performed much better on the quiz, averaging 60% in the Intensive &
Strategic group and 89% in the Benchmark group. Thiswas interesting, considering that
the quiz problems were taken directly from the Splash Math 2™ Grade app. The disparity
in scores was perhaps due to a lack of engagement and effort in the app, while more

serious attention was given when the problems were presented in atest or quiz format.
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The teachers also presented the assessment item as a “challenge” from the researcher, so
this may have encouraged students to really work hard and show off their knowledge as
well. However, from these results, there was no evidence that app performance in Splash
Math 2" Grade explained the variation in individual student quiz scores.

An analysis of Splash Math 2™ Grade app and quiz performance in each subject
arearevealed a much stronger correlation, however. When data for both Walk to Math
groups was combined, class averages on quiz questions had a strong positive relationship
with class averages for the corresponding subject areain the Splash Math 2™ Grade app
(Figure 30). It isinteresting to note that students performed well on the measurement
item, despite that the fact that the Splash Math 2™ Grade app contained an error in this
section, and said the answer was 9 inches.

This strong relationship would seem to imply a connection between a class
spending more time in the app and better performance on the quiz. However, this
correlation was not as strong when the Benchmark and Intensive & Strategic groups were
analyzed separately (Figures 31, 32). Of course, the sample size was decreased in both of
these cases. Evenif the strong correlation was not simply an artifact of the data, it
doesn’t imply that increased Splash Math usage led to higher quiz scores. It islikely both
of these variables are strongly correlated with the amount of instructional time spent on
each subject in class. Thiswould influence student performance, as well as the amount
of time each student was instructed to work on each particular subject areain Splash
Math 2" Grade. Itisalso possible this analysis falls victim to the ecological fallacy—

when inferences from group statistics do not extend to the individual (Schwartz, 1994).

146



Individual performance in subject areas would need to be measured and analyzed using

more quiz items for each topic in order to rule out this possibility.

App Progress and Quiz Score Analysis— Addimal Adventure

Student progressin Addimal Adventure was better on average than Splash Math
2" Grade progress for both groups. The Intensive & Strategic students had completed an
average of 55% of the puzzle and had a mean quiz score of 61%. The Benchmark group
had an app average of 70% and a mean quiz score of 92%. However, there was only a
weak positive relationship between individual app scores and quiz scores in both Walk to
Math groups (Pearson’sr = 0.51 and 0.32, respectively). The linear models presented
also support this conclusion, as Addimal Adventure progress was not significant in any of
the full models controlling for the unit test scores.

There are severa possible explanations for the disparity in scores. Firstly, the
assessment instrument may be to blame—the addition facts chosen may have been too
easy. Also related to the difficulty, students took the quizzes after they had been working
in Addimal Adventure for afew weeks. In thistime, they were also exposed to many
other activitiesin class to bolster their addition skills. Itislikely this additional practice
clouded the separate influence of the app. Secondly, several students reported that they
had been much further in Addimal Adventure, but that after some time of disuse, the app
deleted their progress. While this app behavior was not observed by the researcher, it
may be that several students had to start over in the app, which would have deflated app

progress scores.

147



Summary

In this chapter, student and teacher attitudes toward mathematics and technology
were discussed and excerpts from interviews to provide background were presented.
Also discussed were several points of concern for teachers, regarding technology issues,
app behavior, and limitations of their iPad implementation that prevented them from
making the program more individualized. A short discussion of the results from Splash
Math 2™ Grade and Addimal Adventure concluded there was no evidence performancein
the apps significantly explained quiz scores. In the next and final chapter, conclusions
are presented summarizing these points and possible directions for future research based

on these findings are discussed.

148



Chapter 6: Conclusions

From the preceding analysis and discussion, the research questions presented in
Chapter 1 can begin to be answered. A discussion of the limitations of the study,
directions for further research, and considerations for schools seeking to implement

similar technology in the classroom will be presented as well.

Resear ch Questions
e How doesiPad or other technology usage affect student and teacher attitudes toward

mathematics?

It was previously hypothesized that students would have positive views of
mathematics apps on the iPad, but express worry about mathematicsin general. Thiswas
not upheld by the results. On the contrary, none of the students interviewed expressed
worry about mathematics. Also, their views toward the iPad were not entirely positive.
While students generally reported they enjoyed doing mathematics on the iPad, half of
those interviewed preferred doing the work with a paper and pencil. One factor was the
difficulty level in the mathematics games discussed. Some students found the games
required too quick a solution; others thought the games were too easy.

Another factor was that writing on the iPad could be more difficult than on paper.
Half of students interviewed found thisto be annoying and preferred the creativity of
pencil and paper or awhiteboard. However, the other half of the students preferred doing

mathematics on the iPad. These students preferred the iPad specifically because they
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didn’t have to write with apencil. Reasons given for this preference were very concrete,
such as avoiding getting blisters on fingers from writing with pencils and using only
one' sfingersrequiring less effort.

It was not clear that student attitudes toward mathematics were less procedural or
algorithmic than might otherwise be expected. In fact, student descriptions of
mathematics were generally limited to concrete examples of addition, subtraction and
occasionally multiplication. Students thought of “doing math” as solving these problems.
However, they were all quite process focused. A solution was always accompanied by a
method, and students were familiar with a number of strategies for solving these
problems. This approach cannot be attributed to the iPad apps however. These multiple
strategies were encouraged by the textbook the school was using and by the teachers.
They were, however, supplemented by at |east one of the mathematics apps, Addimal
Adventure, which explicitly incorporated multiple strategies for solving addition
problems.

Teachers expressed positive views of teaching mathematics with technology and
enjoyed teaching mathematics in general. However, while one teacher enjoyed
mathematics as a student and always had success in the subject, the other struggled
throughout her student career in mathematics and had mostly negative experiences with
the subject until she began to appreciate it through teaching. Both teachers believed
iPads helped students stay engaged in mathematics longer and resulted in more time
spent on task. Teachers felt the devices allowed them to more effectively differentiate
their instruction based on student needs and believed this helped them get more students

to benchmark level in mathematics.
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e How does student performance in an app environment translate to mathematics

performance in more traditional forms of assessment?

The prediction that students would perform worse on paper based assessments
than inside mathematics apps was aso not supported by the results. In fact, students
performed better on quizzes for both Addimal Adventure and Splash Math 2™ Grade than
they had in either app environment. While the scores were positively correlated with
varying degrees of strength, no evidence was found that app progress significantly

explained student quiz scores.

e How much timeis spent using iPads in the classroom and for what instructional

purposes are they used?

This study found that iPads were being used in two different modes of instruction:
free choice and focused. In free choice lessons, students were given a number of
mathematics apps from which to choose and allowed to work independently. In focused
lessons, students were typically working as aclass or in small groups on the same app.
The free choice lessons took the form of playing games, while the focused lessons often
involved the use of an interactive whiteboard app. In this mode, the iPad was used more
asadigital tablet, rather than an interactive gaming device. It isworth noting that iPads
were not used at all for aquarter of the lessons observed, and use typically didn’t last
more than 5-10 minutes in free choice mode, while it might last the entire lesson in

focused mode.
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This study also found differences in usage between different levels of Walk to
Math. Benchmark students were more often using the iPad in focused lessons, while
Intensive & Strategic students more often used the iPad for free choice lessons. This
trend needs to be carefully monitored in future research to ensure such usage differences

do not exacerbate issues of equity between the two groups.

e What issues are involved in implementation of the technology?

The issues that emerged in the interviews were typically of two types. technical
and pedagogical. Technical issuesincluded errors and delays around device operating
system and app updates, software bugs in apps, device management and administration,
and internet connectivity. Pedagogical issues involved classroom discipline around the
devices, budgetary restrictions, and the need for training on apps, how to use the devices
effectively in lessons, and how to administrate them. All of these issues provide direction
for researchers to provide support to teachers. Researchers should focus on learning best
practices from teachersin the field and disseminating these to others by means of support
materials and program design assistance.

Teachers also expressed the need for more specific, pinpointed apps for students
on avariety of subjects. Mathematics education researchers should also focus on helping
to develop such free apps for teachers. This can be accomplished by working with app
developersto limit the scope of apps, while providing them with effective strategies and
models known from the research. In addition, researchers should encourage open and
anonymous availability of student data from apps so that apps can be improved based on

usage and performance. Data mining of results would provide more information on how
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students interact with the apps and could lead to more effective and strategic app updates

incorporating changes to pedagogy.

Limitations of the Study

Asthis study employed an observational design, rather than experimental,
definitive and statistically defensible conclusions in regards to the effects of app use on
student mathematical understanding cannot be formed. The small sample size of this
study also precludes reasonabl e extrapolation to the larger student population. These
limitations suggest an experimental design for a future study that might answer such
guestions.

In order to isolate the effect of app use on student understanding, a controlled
experiment could be conducted in which similar classes with one-to-one device programs
were examined, some of which were exposed to the app. It would be especially
interesting to study Addimal Adventure in this manner, due to the additional information
available using a properly configured teacher account through Teachley. These accounts
are how the company monetizes the app and is able to provideit for free. However, to
properly record all student activity, the accounts must be configured before iPad
deployment. In this study, the use of Teachley analytics was not possible, since thiswas
the first year teachers had tried the app in their classroom and students were not playing
under logged-in accounts. |f accounts are activated for students prior to deployment, the
teacher account will not only have access to student progress in the app, but to more
detailed information on preferred student strategies and recommendations for

intervention as well.
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The small number of studentsinterviewed also limited inferences regarding
student attitudes toward mathematics and technology. This sample was intentionally
limited due to the amount of time required for interviews and the fact that the researcher
was working alone. While surveys would have reached alarger number of students, it
was determined the deeper insights gained from interviews would be more valuable.
Also, the researcher was suspicious of the validity and consistency of survey responses
from second graders.

Y et another factor was the familiarity of the researcher with the students and
teachersinterviewed. Thiswas intended to encourage students to express themselves, but
it introduces the possibility of observer bias. However, armed with the lessons learned
from the interviews, survey instruments could be designed specifically for this age group
that would be more reliable. Thiswould allow for the collection of attitude data from
more students—not just those who were selected due to their willingness and ability to
discuss mathematics. The larger sample would allow stronger conclusions regarding
these attitudes.

An unexpected complication in this research was the number of students who
moved or changed schools over the course of the study. Unfortunately, one of the
students interviewed, Jackson, moved before the second round of interviews and was
replaced by a new student, Noah. In fact, Emma also unexpectedly moved away the
week after her last interview. The incomplete records of transferring students also made
data analysis difficult, a problem compounded by the small sample size of this study. A
larger experimental study would be more resilient to transferring students and missing

data, but this factor should be considered in any analysis.
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Further Research

While several suggestions for further research are discussed above, many others
present themselves. One avenue of research would be to compare student performance in
classes equipped with iPads to those without any sort of one-to-one program. Such a
study would need to control for possible SES differences between schools, as these could
influence student attitudes and performance and would likely correlate with the presence
of a one-to-one program. |deally, thiswould involve alarge enough sample of schoolsto
provide statistically significant results. Using the observations and lessons learned from
the reported study, such a large scale research project could be conducted more
efficiently. This efficiency would be especially important, since the project would likely
require several active field researchers. Pitfalls such as not accounting for the type of
iPad use, app errors, or connectivity issues could be avoided.

Longitudinal studies of student attitudes toward mathematics and technology
would be productive aswell. Asthis generation doesn’t know a classroom without these
devices, their perspectives will provide unique and interesting comparisons to past
cohorts. Of course, their performance in mathematics will be interesting to monitor as
well, as our educational system attempts to determine whether one-to-one device
programs, such as this one, are worth the expense.

Following the progress and development of interviewed students through later
grades would be informative also. Thiswould allow comparisons to similar students who
did not rise through schools using tablet technology in the classroom in the early years.

In addition, at asmaller scale, it would be interesting to gather data regarding the

behavior of students first using the iPad in the second grade. This study did not collect
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datain this period due to scheduling limitations and concerns of overloading teachersin
the busy first weeks. However, in retrospect, it would be useful to know how students
changed over time, especialy in regards to students transferring to and from classes with

and without such technology.

iPad Program I mplementation Advice

This study illuminates several benefits of and issues with teaching mathematics
using iPads. These are important discussion points for schools or districts considering
implementing iPads or other tablets in the classroom. These devices can increase student
engagement and time on task in mathematics, as well as provide motivation to students
who respond well to goal-based games. They also alow for differentiated instruction
using customized apps for students at various levelsin different areas of mathematics.
Properly managed, this can help ateacher make more efficient use of classroom time and
give more students the individual attention they require. Improperly managed, the
devices may not work or will be used for unproductive tasks. The result will depend on
the learning environment established around the devices.

However, this learning environment needs many supportsto exist. Any school
considering implementing a one-to-one device initiative should first provide teachers and
administrators a forum in which to discuss the technology and its use in the classroom.
Are the benefits previously mentioned worth the extra effort of integrating tablets into the
existing curriculum? If teachers are not fully onboard with the program, it will fail.
While no teacher would turn down the devices if given them, they may feel there are

more immediate problems to address in the school. Although iPads may provide more
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opportunities for students to engage in mathematics, they are ssmply another tool in a
teacher’ s toolbox. They will not fix systemic classroom issues or improve student
performance in mathematics without effort. Before incurring the expense of a one-to-one
initiative, a school needs to be clear and honest about why the devices are appropriate and
have redlistic goals and expectations for student learning. Once these goals are in place,
the teachers must be properly supported in the classroom. There are two main areas of
support needed: technological and pedagogical.

Technological. Schools must be sure their internet connectivity is sufficient to
support hundreds of active devices. This doesn’'t simply mean having sufficient
bandwidth. The wireless network infrastructure must be examined aswell. Arethere
wireless dead zones in the school? Does each classroom have a dedicated access point,
or are access points able to handle the number of devices that may be simultaneously
within range? |s up-to-date content filtering in place to control access to the wider
internet? If all of these basic internet connectivity issues are not dealt with, student and
teacher experiences will be negatively impacted.

The next concern is the setup, management, and maintenance of the devices. For
this example, iPads are referenced, although all of these concerns apply to any mobile
computing platform. If a one-to-one device program is being implemented, will students
be allowed to take the devices home? While this provides the opportunity for students to
work from home on apps, it also increases the chances of breakage or loss. Some
programs charge a yearly fee for students that allows them to take devices home, the
proceeds from which are used to pay for replacements or repairs. However, these fees

are generally too small to cover the costs if several devices are logt, stolen, or damaged.
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Of course, the cost of device replacement can be mitigated. Using high quality
protective cases can help protect the vulnerable screens of tablets—in this study, the
program used Speck Pixel Skin HD Wrap protective cases. Also, buying cheaper devices
can obviously help to lower costs. However, they should be selected with care. Devices
need to have fast enough processors and sufficient storage to handle the apps that
teachers want to run. Therefore, ideally, the devices should be chosen in consultation
with teachers who have some idea of what they want to do with them in the classroom.
Again, planning ahead can save the program in the long run. It could result in one
device, or operating system, being chosen over another based on the needs of the
teachers.

However, it is not enough to simply distribute iPads to students. They must be
properly managed and administered to prevent students from changing settings that need
to remain static. In this study, the devices were originally configured using a Macbook
Air provided in the donation. Using Apple Configurator, device settings were locked
down by changing account permissions, and apps for the appropriate grade level were
installed. However, the computer did not have enough storage space to store the device
images for all the iPads, resulting in technical headaches for the teachers and Apple
support staff. These issues were eventually solved by simply switching to aMac Mini
with alarger hard drive. Such a problem would not have occurred had a properly trained
technical consultant been working with teachers from the beginning. In fact, the
inconvenience of this process was largely the reason for iPad app installations only being
updated once per school year. If it were streamlined, teachers would be able to update

apps and create custom payloads more efficiently.
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Once devices are configured, their daily maintenance must be considered. How
will devices be charged? The classroomsin this study used desk paper organizers with
30-pin charging cables for each dlot. Students were responsible for making sure their
device was properly charged. How will devices be repaired or replaced? Teachersin this
program generally had one or two extraiPads per classroom to loan to students whose
devices had been damaged or malfunctioned. These devices were returned for
maintenance or repair through Apple. While some problems were unavoidable internal
hardware issues, others were entirely avoidable.

For example, charging ports are one of the most common points of failure of these
devices, especialy the 30-pin connector. While switching to Apple’ s more resilient
Lightning connector may help prevent this type of failure, it would require upgrading to
newer iPad models and more expensive charging cables. Also, it may be that this
connector will soon be replaced by more universal USB 3.0 adaptersin the near future.
The swift movement of the technology market should be taken into consideration when
selecting devices for the classroom. Seemingly small details such as the type of charging
port can lead to higher maintenance costs down the road if unaccounted for.

Pedagogical. Of course, getting the infrastructure in place and devicesin the
hands of studentsis only thefirst step towards using them effectively in the classroom.
Whileit is simply stated, pedagogical support is the most important component of a
successful deviceinitiative. Teacherswill require consistent training in and support for
new technology from districts and schools. This might include discussions of the best
types of use (such as free choice or focused lessons), classroom discipline issues and

techniques specific to the devices, or dissemination of best practices from other schools.
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It also must take the form of sufficient budgets to purchase and update apps to
accommodate teacher needs. Constant communication between teachers and program
administratorsis essential. It allows teachersto report issues efficiently and focus on
teaching, rather than having to act as technical support. It also gives teachers the freedom
to look to the future of these devices. Researchers do not yet know the best way to
integrate them into the classroom—the best ideas and practices will come from teachers
who have tried to do so. These should be considered by administrators and researchers
alikein order to intelligently steer the development of such programs over the coming
decades.

In conclusion, although some teachers can effectively implement iPad programs
in the classroom on their own, thisis not a sustainable model for introducing the devices
into our schools. The education community needs to provide additional support,
including technical and pedagogical trainings, focused apps for various skills, and a
feedback channel for teachersto quickly report problemsto developers. Without an
active and engaged support structure, device initiatives such as the one described in this
study are likely to fail due to high maintenance costs. However, if educators take
advantage of the technological abilities of these devices, they can create amore
responsive and differentiated environment of mathematics learning than has previously
been feasible. Theriver of data from the devices also brings the possibility of new ways
for the research community to learn about how students learn mathematics. This, in turn,
could help researchers provide more responsive support to teachersin an effort to

improve student mathematical understanding.
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Appendix 1: Splash Math 2" Grade Skills Assessment
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Name

1. Convertto standard form.

900 +40+ 2=

2. Brentis counting on by 5’s. Which number follows 35?

3. Subtract numbers with regrouping. Find the ones and tens
in the difference.

47 -3 = a. 4tens, 3ones

b. 3tens, 4 ones

£

4 tens, 4 ones

d. 4tens, 50nes

4. How many vertices does this shape have?

a. 3
b. 5
c. 8
d 4
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Quiz Secores

5. Do the following facts form a family?

34+42=5 24+3=5
a—2=1 5—2=3
Circle: Yes or No

6. Doug has 31 marbles. Aaron gives him 20 more marbles to
add to his collection. How many marbles does Doug have in
all?

7. What is the score of the student with the least marks?

a3 5
b. 2
c: 3
d. 1

Noug
Joseph
Selona

=

Students
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8. Use the ruler to estimate the length of the object to the
nearest inch.

The carrot is about inches long.

9. Which number is represented by the base-10 blocks?

10. Order from greatest to least.
a. 797 >221 > 705 b. 797 >705 > 221
c. 221 >705> 797 d. 221>797 > 705
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Appendix 2: Unit Tests1-3
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o ———
Unit 1 Test Name
Form A

Write the correct answer.

Solve.

1.7+0=
3. =9+5
5.8 + =15
7. 16 -9 =
9.3+8+5=

1.2+ 1+8+7=

Add.

N
o o

Math Expressions

@ Houghton Mifflin Harcowrt Publishing Comparry
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2. =6+5
4. 5+ 8 =
6. +9=14
8. 18—9 =
10. 9+ 2=
Subtract.
13. 14

-6
17

Unit 1 Test, Form A



Name

Solve. Show your work.

14. Mason had 12 cars. He gave some to his friend.
Now he has only 8 cars. How many cars did
he give to his friend?

label

I15. There are 14 bicycles. 5 bicycles are red.
The rest are green. How many bicycles are green?

label

16. Kay has |5 bracelets. Justine has 6 bracelets.
How many fewer bracelets does Justine have?

label

17. Gary hos 5 red crayons, 7 blue crayons, and
7 yellow crayons. He puts dll the red and blue
crayons in a box. How many crayons does he put
in the box?

Math Expressions ' 18

© Houghton Mifflin Harcourt Publishing Company Unit 1 Test, Form A
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Name

Solve. Show your work.

18. Joyce draws 6 pictures. That is 9 fewer
pictures than Kevin draws. How many pictures
does Kevin draw?

label

19. Beth has a bag of apples. She gives 6 apples fo
Natasha. Now she has 7 apples left. How many
apples were in the bag af first?

label

20. There are 7 red kites, 4 yellow kites, and
3 blue kites in the air. How many kites
are in the air?

label

21. Evan finds |12 shells. Aaron finds 5 fewer
shells than Evan. How many shells does

Aaron find?
label
Math Expressicas 19
© Houghton Mitflin Harcourt Publishing Compary Unit 1 Test, Form A
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Solve.

22. There were some shirts in a drawer. Rob

23.

2y,

25.

put 9 more shirts in the drawer. Now there
are |6 shirts in the drawer. How many
shirts were in the drawer at first?

label

Amy sells |3 peaches. She sells 4 more
peaches than Erika. How many peaches
does Erika sell?

label

There are 6 basketballs, 2 footballs, and
some baseballs on the playground. There
are a total of 15 balls on the playground.
How many baseballs are on the playground?

label

Extended Response Choose an odd number.
Write a doubles equation with your number.
Explain how you know the sum is even.

Math Expressions ) 20

© Houghton F3ifflin Harcourt Pubsishing Company
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Show your work.

Unii 1 Test, Form A



Unit 2 Test Name
Form A

Write the correct answer.

Draw the number using hundred boxes, ten sticks,
and circles. Then write the number in expanded form.

1. 139 2. 152

What number is shown?
Write the number and the number name.

3. 0000 Y, o]
Add.

5.4+ | = 6. 50+ 10 =
7. 20 + 80 = 8. 100 +2=

Compare. Write >, <, or =.

9.127( ) 134 10.159( ) 159 1. 167() 129

Math Expressions 33
© Houghton Mifflin Harcourt Publishing Company Unit 2 Test, Form A
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Name

Add.

12. 8l 13. 74
S+ 17 + 43
4. 38 ' 15. 65

+ 53 + 87

16. 42 + 35+ 57 = ___

17.23+ 39+ 12+ 16 =____

18. Skip count by 5s.

35 65
Math Expressions . d 34
© Aetflin Hartourt shing Company Unit 2 Test, Form A
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Under the coins, write the total amount of money so far.

20. 10¢ 10¢

= ]

]

10¢ 20¢

Solve the word problem. . Show your work.

21. Michelle has | dime, U4 nickels, and 3 pennies.
How much money does Michelle have?
Use ¢ in your answer.

22. Ben has | dollar, 3 nickels, and 7 pennies.
How much money does Ben have?
Use $ in your answer.

Math Expressions 35
© Houghton Mifflin Harcourt Publishing Company Unit 2 Test, Form A
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Name

Solve the word problem. Show your work.

23. Summer and Alexandra count their beads.
Summer has 47 beads. Alexandra has 36 beads.
How many beads do they have altogether?

label

24. Megan read 32 pages on Saturday. She read
28 pages on Sunday. How many pages did she
read altogether?

, label

25. Extended Response Explain how you find
the sum of 38 and 73.
Then make a Proof Drawing.

Math Expressions ) 36

3 Houghton Mifflin Harcourt Publishing Company Unit 2 Test, Form A
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‘Unit 3 Test Name
Form A

Write the correct answer.

Measure the string to the nearest centimeter.

I, S ss 2. ANENNNRNNNNRRRRRNNY
: . H :
cm ) cm

3_ B I,‘ AN AN
1 "1 |
1 I 1

cm cm
5. 6.
| | S
cm cm

7. Show the lengths of the strings on this line plot.

L '
—

1 2 3 4 5 6 7

Lengths of Strings (centimeters)

8. Estimate and then measure the eraser in inches.
Estimale

| ERASERm \ ohes
| )

Measure

inches

Math Expressions ' 48
e Mifflin Harcouwrt

vg Company Unit 3 Test, Form A
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9. Draw a loop and then measure to find how much
longer the white pencil is than the gray pencil.

CLre =
1

(] e

The white pencil is inches longer than the gray pencil.

10. Draw a shape with 4 angles. I 1. Draw a shape with 5 sides.

12. Draw a shape with 6 angles. 13. Draw a shape with 3 sides

i4. Draw a shape with 4 rectangular faces and 2 square faces.

Math Expressions ) 49
M Heughton Mitflin Harcourt Publishing Company Unit 3 Test, Form A
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Name the shape. Choose a word from the box.

cube hexagon triangle
pentagon quadrilateral

15.

Math Expressions ' 50
T i ishing Company Unit 3 Test, Form A

194



Name

20. Extended Response.

C_—— 1P

L
I 1

a. Measure the crayon in centimeters.
cm

b. Measure the crayon in inches.
about in.

¢. Ring more or less.

The number of inches is more less than
the number of centimeters.

Explain why.

Math Expressions 51
© Houghton Mitflin Harcourt Publishing Company Unit 3 Test, Form A
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Student Mathematics and Technology Attitudes Scale

Hardly . About Half Nearly
Ever Occasionally the Time Usually Always

1. | concentrate hard in
mathematics [BE] HE oC Ha U NA
2. | try to answer
questions the teacher HE oC Ha U NA
asks [BE]
3. If | make mistakes, |
work until | have HE OC Ha U NA
corrected them. [BE]
4. If lcan'tdo a
problem, | keep trying HE oC Ha U NA
different ideas. [BE]

Ztg?g Disagree Not Sure | Agree St;grne%y
5. | am good at using
iPads and computers SD D NS A SA
[TC]
6. | am good at using
things like VCREs,
DVDs, MP3s and SD D NS A SA
mobile phones[TC]
7. | canfix alot of
i Pad/computer SD D NS A SA
problems [TC]
8. | can master any
iPad app or computer
program needed for SD D NS A SA
school [TC]
9. I havea
mathematical mind SD D NS A SA
[MC]
10. | can get good
results in mathematics. SD D NS A SA
[MC]
11. 1 know | can
handle difficultiesin SD D NS A SA
mathematics. [MC]
12. | am confident
with mathematics[MC] | =0 D NS A SA
13. | aminterested to D D NS A N

learn new thingsin
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mathematics [AE]

14. In mathematics
you get rewards for
your effort [AE].

NS

15. Learning
mathematicsis
enjoyable [AE]

NS

16. | get asense of
satisfaction when |

solve mathematics

problems [AE]

NS

17. 1 like using iPads
for mathematics.
[MTg]

NS

18. Using iPads for
mathematics is worth
the extra effort. [MT(g]

NS

19. Mathematicsis
more interesting when
using iPads. [MTq]

NS

20. iPads help me
|learn mathematics
better. [MTg]

NS
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Teacher Mathematics and Technology Attitudes Scale

Hardly
Ever

Occasionally

About Half
the Time

Usually

Nearly
Always

1. I work hard
preparing for
mathematics lessons
[BE]

HE

oC

Ha

NA

2. | had to work hard
in mathematics as a
student. [BE]

HE

oC

Ha

NA

3. If students are
confused, | work to
find dternative
methods to instruct
them. [BE]

HE

OoC

Ha

NA

4. If | don’t recall
material, | can
familiarize myself on it
easily. [BE]

HE

oC

Ha

NA

Strongly
disagree

Disagree

Not Sure

Agree

Strongly
agree

5. | am good at using
iPads and computers
[TC]

NS

6. | am good at using
things like VCREs,
DVDs, MP3sand
mobile phones [TC]

NS

7. | canfix alot of
i Pad/computer
problems [TC]

NS

8. | can master any
iPad app or computer
program needed for
school [TC]

NS

9. | havea
mathematical mind
[MC]

NS

10. 1 got good results
in mathematics. [MC]

NS

11. | know | can
handle difficultiesin

NS
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mathematics. [MC]

12. | am confident
with mathematics [MC]

NS

13. | aminterested to
learn new thingsin
mathematics [AE]

NS

14. In mathematics
you get rewards for
your effort [AE].

NS

15. Teaching
mathematicsis
enjoyable [AE]

NS

16. | get asense of
satisfaction when |

solve mathematics

problems [AE]

NS

17. 1 like using iPads
for mathematics.
[MTg]

NS

18. UsingiPadsfor
mathematics is worth
the extra effort. [MTq]

NS

19. Mathematicsis
more interesting when
using iPads. [MTg]

NS

20. iPads help me
teach mathematics
better. [MTq]

NS
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Appendix 4: Interview Transcripts
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Interview 1 Student Transcripts

Benchmark Student 1 —Ethan —Interview 1

Researcher:

Student:
Researcher:
Student:

Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:
Student:

Researcher:
Student:

Researcher:
Student:
Researcher:

Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Alright, so—I just have afew little questions. And thisisjust, al I'm
doingis|’m just trying to learn about second graders and how you guys
are thinking and how you like your math classes. So feel freeto like, to
speak up good so | can hear you, okay? But it's okay if your throat’s a
little sore. So first of al, nothing’ s right and nothing’ s wrong, ok?

Y eah.

So you can tell me whatever you think. So, Ethan do you like math class?
Y eah, alittle bit, but | kinda wish it was more challenging, alittle bit
more.

Ohreally? Soit’skind of easy, huh?

Y eah.

Okay—oh, so let'ssee. Do you feel like you're pretty good at math, then?
Y eah, | can do times already and division.

Oh really, oh wow—and division too. Okay. Isthere anything that you
think you're better at? Like, or do you think math is your best subject?
Y eah, probably.

Okay. What do you think that you’ re not as good at as math?

Probably reading.

Ohreally?

Not reading or writing. | really picked up my reading in first grade.

| see—s0 you think writing is the hardest thing you have to do?
Probably, to me.

Ok, cool. Wéll, that’s good to know. So I noticed in your guy’s class that
you have some iPads, do you feel like you' re pretty good at using them,
your iPad?

[hesitantly] | am, but | get bored of the games.

Oh, ok. So what games do you play on there?

My old favorite was SplashMath but now I’'m kind of forced to do it,
because I’'m done with Addimals.

Sure.

| really like Wings, but everybody in the class has to be done with
Addimals before we get to do that.

Oh, | see. So you're waiting on other students to finish that.

Y eah.

And, so do you use your iPad for other subjectstoo? Like other
applications?

Y eah, we do [readroom?], use it for typing.

Ok.

Which I’'m pretty good at.

Oh. So do you use computers very much otherwise?

Yes, | realy like buying cards online.

Oh really? What sort of cards?
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Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Sports cards.

Oh cooal, like baseball cards and basketball cards?

| don't really collect baseball, | like football and basketball cards.

Ok, that’s awesome. Where do you buy them then?

Hereis probably Gold & Silver and we' re online because you can get
really good deals.

Y eah, you sure can. That’s cool. Are there electronic devices that you
feel like you're pretty good at using?

iPhones, | can pretty much if you give me agame, | can figureit out how
to do therules.

Nice. Do you mean like on an Xbox?

On any electronic except Xbox and those things.

Ok.

Actualy, yeah those arereally pretty easy for me to figure out that stuff,
it'skind of what my dad does. What gives methat is his math and his
ability to do that, because he' s atax, he does taxes.

Oh, he does taxes, | see. So he usesalot of computers and el ectronics and
things like that?

And he' sreally good at math.

Oh, cool. That'sgood to know. Do you like using the iPad for math?
Right now, because the two apps that they have I’ m bored of, so not really
now.

Sure. When you first started using those apps did you like them?

| loved them. Then | stopped liking them.

Y eah, well, then once you finish a game, then it’s not as much fun, isit?
Y ou need the new one. That makes sense.

Y eah.

Do you use it other ways than just the games for math?

Y eah.

How do you do that?

| actually, in my opinion | figured out a couple other things on my games
that they didn’'t tell us about. One game, there' s atyping thing that can
tell you math problems and then you can remember them in your head. |
do that sometimes.

| see. And it also seemslike I’ ve seen you guys use the whiteboard app on
there?

Oh yeah, used to like it, but then they took away all my pictures that |
made.

Oh, they got rid of them? They might have cleared them out on arefresh
onetime, | see. But on that whiteboard app you were able to store all the
pictures and work that you’'d done?

Y eah, but now | don’t have any.

| see.

Because that was the first app we learned.

Oh, itwas? | see. So what sort of stuff could you do with it?
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Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Y ou could draw pictures and stuff. And now there’s another app that |
really like, it'scalled iDiary.

iDiary, ok.

And that has typing, it has, you can draw picturesonit. You can use
stickers.

Stickers?

Uhhuh.

How do you put stickers on an iPad?

[laughs]

They'relittle digital stickers?

They, well, they go, they’re like fake stickersthat | can draw on, stickers.
You just press thisthing called stickers and you can look at them.

| see.

In third grade you can put as many as you want but in second you can only
put two—wait, | mean four.

Oh, ok.

There' s like fifty.

That’ s pretty neat. Do you ever do math without your iPad?

Y eah.

And, so do you just use a pencil and paper? Do you use other things to do
math?

Y eah, pencil and paper, | use pretty much anything that | can use for math,
| would use. Likeif | wasin the street now and | was bored, | would pull
out my homework and do it.

| see. Which do you like better, do you like doing math better with a
pencil and paper anywhereor...

Pencil and paper, pretty much. | like doing it with pencil and paper.

| see. Ok. Andwhy do you like that better?

Um, it'sbecause | really just, | want to work on my writing, so that’s
pretty much the reason, and that was the first way | learned.

Ok, | see. Do you think math is fun?

Y eah, really fun. When I’m doing what | like to do.

That’sawesome. Isit redly interesting to you? Do you like thinking
about it?

Y eah.

| see. And do you feel like you work very hard in math class right now?
[hesitate]

Probably not?

Not that much, except for one thing we did yesterday.

Oh, what did you do yesterday?

We did the for/from things, but we had to do it with three or four. Plus
you had to write what you did.

Oh, | see, so that’s hard to explain, huh?

Y eah, very very hard.

So how do you answer a hard question in math?
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Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

| remember them in my mind, after | figure them out. And then, because |
kind of do, | kinda do that with writing and reading, like, | kind of have
one [box] for math and one [box] for [writing] and | use reading and
writing to put together, so | like open up those two and put it together and
it'slike arectangle and | stretch down my math to like, really fast.
Interesting, ok. So, but when you’ re answering that hard question—you
mentioned you put it in your mind after you figure it out. How do you
figureit out?

| usually use other ones | have in my mind, like easy ones? And | put
those together and use those to get up to that other number and then | can
actually usethoseto...likeif | aready know 8+8, 9+9, | know my doubles
really well. Soif I just, if | see adouble anywhere in a problem, I do that
after | do the other things. And when | get that, | just know it like, click,
in my mind.

So you use the easier things that you know to figure out the hard ones? |Is
that right?

Y eah.

| see, ok, great. Cool. Well, Ethan, isthere anything else that you have
been thinking about that you, that my questions made you think about, or
that you wanted to say?

No.

Ok, well thank you so much, that was really interesting and | really
enjoyed hearing all your answers to those.

Ok, thanks.
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Benchmark Student 2 — Sophia—Interview 1

Researcher:

Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:

Student:
Researcher:

Student:
Researcher:
Student:
Researcher:

Student:
Researcher:
Student:
Researcher:

Student:
Researcher:

Student:
Researcher:
Student:
Researcher:

Student:
Researcher:

Student:
Researcher:

Student:
Researcher:
Student:

So there’ s no right or wrong answers and you can say whatever you think
about, ok? Just a couple of quick and easy questions. So, do you like
math class?

Yes, it's my favorite subject.

Redlly. It'syour favorite subject, wow. OK, so you redlly like math class.
Y eah.

Do you fedl like you're pretty good at it?

Mmhmm [affirmative].

Ah, | see. Arethere other subjects that you think you' re better at than
math?

[shakes head no]

| see, so math isyou best. Wow, ok. What do you think that you' re not as
good at?

Um, I’'m not sure.

Let’s see....what are some other subjects that you have? Y ou have
reading and writing, right?

[nods yes]

Do you guys have much science?

Mmmhmm [affirmative].

Yeah...hmm. Isthereany of those that you feel like you have to work
hard on?

MmmMmm [negative].

Ok, they’'re all easy?

[nods yes]

Ok, cool. | noticed that in your guy’s class you have iPadsin there. Do
you feel like you're pretty good at using it?

Yes.

Oh, ok. So what about other computers and things like that, do you use
them much?

Um, not as much.

Just in class, or at home?

| really only use them in class, not at home.

Ok, | see. Arethere other electronic things that you use much at home or
that you feel like you' re pretty good at using?

[hesitates]

Like an iPod, or an iPhone or atablet or alaptop? Dvd player? You're
not very good at using things like that?

No, | don't do it often.

Oh, really? | see. Good, that’sok. | wasjust curiousto see. Do you like
using the iPad for math?

Mmmhmm [affirmative].

What do you like about it?

Mmm, |I"m not sure.
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Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Ok, how do you use it when you use it for math? Like, what do you do on
it?

Mmm...[pauses|

What sort of apps do you guys normally use for math?

Normally SplashMath and Addimals.

Hmm, SplashMath and Addimals. Sure.

Y eah.

What about...I thought | saw you guys using a whiteboard app on there?
Um, that’s called Educreations.

Educresations, right. That one' skind of cooal. | likeit, it's pretty nice. Just
alittle whiteboard.

[nods]

And you can save your pictures with it, | suppose.

[nods]

Great. Do you ever do math without your iPad?

Mmmhmm [affirmative].

How?

| just write it on a piece of paper.

Oh, ok, so just pencil and paper? Sure. Do you use anything else ever to
doit?

MmmMmm [negative].

Ok, cool. And then, which do you like better then, doing it with pencil
and paper or on the iPad.

I’m not sure.

Ok, alright, no problem. Let'ssee. So, if | gave you the choice you would
sort of like, pick whichever one you felt like?

Mmmhmm [positive].

Ok. And so, in general, do you think math isfun?

Mmmhmm [positive].

Soundslikeit. Isit interesting do you think?

Yes.

Isit challenging to you in math class?

No, well, sometimes. Like with multiplication and stuff.

Oh, multiplication, sure. So do you feel like you have to work pretty hard
in math, then when you get to that sort of subject?

Y eah.

Ok. When you have a hard math question, how do you solveit?
[hesitates]

What are some things that you do?

I’m not sure.

Not sure—yeah, that’s a hard question, right? Because when | give you a
hard question...can you think of a hard question that you had lately in
math?

Umm...[shakes head no|
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Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Because sometimes when | think of a hard question, | try to think of how
I’m going to approach it. Some ways you can do it isto think about easier
guestions. Have you ever done that, that you can think of?

[shakes head noj

So you just sort of work on the hard question until you come up with
something?

Mmmhmm [affirmative].

Ok, | see, that works fine. Well, is there anything that you thought about
while we were talking that you want to say, or anything that | made you
think about that | didn’t ask about?

MmmMmm [negative].

Ok, well thanks Sophia, that was really helpful.
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Benchmark Student 3 —Isabella—Interview 1

Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:

Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:
Student:
Researcher:
Student:

Researcher:

Student:
Researcher:
Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:
Researcher:

Student:

Researcher:

Student:

First of al, do you think you like math class?

Y eah.

You do? Why?

Becauseit’sfun.

Ok. Alright. Do you feel like you're pretty good at math class?

[nods yes]

You do? | see. Isthere something else that you feel like you' re better at
than math?

Uh, playing.

Playing? Just playing anything? OKk, | can seethat. Arethere other
school subjects that you think you're better at than math?

No.

Is there any school subject that you know you' re worse at than math?
Uh...

There’ s no school subject you have to work really hard at to figure out?
[shakes head no]

Ok. So school is pretty easy overal, you think? Ok, | see. So, | noticed
that in your guy’s class you had iPads. Do you fedl like you're pretty
good at using your iPad?

Mmmhmm [affirmative]

You do? Ok. Do you use other computers and thingsalot?

No.

Even at home?

Y eah, | have my own iPad and a compuiter.

At home then?

Mmmhmm. [affirmative]

| see. So do you use those pretty often?

[nods yes]

So you’' ve had agood bit of practice with your iPad probably before you
even got this one here?

[nods yes]

Do you have an iPad mini or afull size iPad?

Mini.

AniPad mini at home, ok, cool. | see. Do you notice any differences
between the one that you have at home and this one here?

One' s bigger.

One'sbigger? OK, that’s certainly true. But other than that they seem
about the same?

Mmmhmm [affirmative].

Alright, great. Arethere other electronic things that you feel like you're
good at using?

Computer.

Ok, computer. Anything else? Do you use a cell phone, an iPhone?
No.
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AniPod? Although you have an iPad mini, so you can play all your music
and things on that, right?

My mom doesn’t let me buy music.

Ok, not yet? Good to know. Well, you'll get there, there' s lots of music
out there. Do you like using your iPad for math?

Y eah.

Do you ever useit for math at home?

| don’t have any math games on it.

Ok, | see. Soisthat how you use your iPad for math, math games?
[nods yes]

Do you use it any other way for math?

[shakes head no]

Seemslike | have seen you guys use the whiteboard, isn’'t there a
whiteboard app?

Y eah, Educresations.

Educreations, right. Y ou use that for math sometimes don’t you?

Y eah.

How do you do math using it?

Y ou draw with your fingers and it shows up.

Sure, then you can draw pictures and you can keep them.

Ugh, if you don’t go on it every day then it erasesiit.

Oh, soif youdon't go onit for awhile, it erasesit. | see. Do you ever do
math without using your iPad?

Y eah.

How do you do it when you do that?

On pieces of paper.

Sure, just pencil and paper. Do you ever do it with anything other than a
pencil and paper?

MmmMmm [negative].

Ok, aright. And which do you like better?

iPad.

Really? Ok, why?

Because.

Just, because? Do you think it's more fun doing it on the iPad?

Y eah, and also you don’t have to write the numbers.

Oh, so you don't...

It's already written and you just have to pick which one fits with the
equation.

So, why isthat more fun? Isit easier? Or isit because you can then just
sort of sit and think about it?

Uh, yeah.

Sure, that’s a hard one to answer. 1t sounds like you think math is pretty
funthen? Isthat right? It's ok if you don’t.

Y eah.

Do you think it’s pretty interesting?

Sort of.

210



Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student;

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Sort of? Ok. Do you feel good when you finish a math problem?

Sort of.

Sort of? Ok. Do you think you work very hard in math class, do you feel?
Y eah.

Ok, good. That'sgreat. Can you think of a hard question you had to
answer in math lately?

Y eah, but it was like one thousand, three hundred and ninety nine, but |
don’t remember what the numbers were.

Of course, | don’t blame you. That’s abig number. So that was a hard
question it sounds like. How do you normally solve a hard question?

| add the ones, then the tens and if there's hundreds | add those.

Ok, so you add the ones, then you add the tens, then the hundreds if
they’re there. Arethere ever any other ways that you solve hard questions
that even aren’t addition questions? Do you have any strategies, do you
use easy questions to answer hard ones? Or do you play around or
experiment with anything sometimes?

Umm...[unsure]

That's a hard question to answer. When you’ re thinking about how you
think when you' re thinking about something, that’sreally hard. It sounds
like you just sort of tackle it ones, and tens and hundreds and get your
answer that way.

Mmmhmm [affirmative]

Was there anything else that | made you think about?

Sort of.

What was it? Feel free, you can say what ever you think.

| forget what the question was.

| see. Let’'ssee, | asked you how you like math class, | asked you if
there' s better at or worse at, if you think you're good at using your iPad,
what sort of apps you use on the iPad, do you like using it for math, do
you do math without it...am | jogging your memory?

[laughs]

We talked about if math was fun or interesting, we talked about if you
work hard at math class or how you solve a hard question...| can’t think of
anything else we talked about. Ok, well, if you think about it later, you
can just tell me whenever. That sound good?

Ok.

If you have any other thoughts about math or your iPad or anything like
that, you' re always welcome to just tell them to me when you think about
them.

Ok.

Do you have any questions for me?

[shakes head no].
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Ok, none of these have aright or awrong answer, it’sjust sort of whatever
you're thinking.

Oh.

They’re not math questions, just stuff about math.

Oh.

Like, do you like math class?

Yeah, | like math class.

Y ou do?

Y eah, because we're learning those, | forget they were called, thisis|
think the lesser number? | think, | forget.

Oh, sure, like the alligator mouths where it’ s like this one is bigger and
this smaller, so you can compare numbers? Those are pretty cool.

Y eah.

Why do you like those?

| like those because you get to choose the bigger number. Y ou have to see
if you get the bigger number, you have to say it first and then see what
bigger number you get. So like, one hundred and forty and one hundred
and eighty. So | put the alligator mouth.

So he would eat the bigger one, which is?

One hundred and eighty.

Right, good job. Do you fedl like you're pretty good at math?

Yeah, | fedl likel’mreally good at math.

Good, that’s awesome. Do you think that there’ s other subjects that
you're better at?

I’m really good at making one hundred boxes and ten sticks and circles.
Oh, you mean in math.

Y eah.

| was thinking like are there other things that you do at school like reading
or science or writing?

I like to read books at the library.

Yeah, | agree, | likeyour library. It'sanicelibrary.

Y eah.

So, do you think that math this...if you had to pick which thing that you're
best at in schooal...

I’m super best at school...like it doesn’t have to be math?

No, anything.

Ok.

And if it ismath, that’s ok.

| likereading. Reading'slikereally good for me because when | wasin
kindergarten | was starting reading really good books that are just right for
me, but | just came up to first grade and read chapter books and kept
reading chapter books.

Agreed, | like them, chapter books are fun.

Y eah, but they’re too long.

212



Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

Researcher:

Student:

That's certainly true. Ok. | did notice that in your guys classyou use
iPadsin there?

Y eah, we use iPads. Sometimes we go to Educreations. So if we were
doing a problem, we would just go there and then you pick your color to
write with and some people go on the board and write.

Ok, so some people write on the iPad and some write on the board?

Y eah.

Do you like using those for math?

| like using...well the iPads are alittle hard to write with, it’sjust, | had an
iPad thing so | could just writeit.

Sure, so you need a stylus thing for that?

Y eah.

Do you fedl like you're pretty good at using it otherwise? Y ou can get to
things...

Yeah. And | fed like, well last year at my other school, it was Lewis and
Clark, we went to alot of field trips. A lot.

| see.

And had to pack cold lunches.

Fun.

| had two.

So | saw you usetheiPadsin class. Do you use computers or iPads or
things like that at home very much?

| don’'t have aiPad, | have a DS that you could go on and then | do some
math problems, it has alittle pen on it.

Oh redly.

And | did math problemsonit. Only my sister just scribbled it up.

Oh, that’s kind of cool. So you can use the DSfor that. Do you ever use a
laptop computer?

What' s alaptop?

One that has a keyboard attached...

Oh yeah, my mom has it, except it clicks to our computer and she does
typesonit.

Sure, so she uses that then.

Also, sometimes | go on PBS Kids and | go on math problems on [super
y?] and when | get onewrong | haveto do it again.

| see, and you do that onthe DS or...?

No, | do that on my mom’s computer. Sometimes | have to do that so |
get math stuck in my head.

Oh, that'sagood idea. Cool. So do you use phones or anything like that?
No. My mom doesn’t, well, my mom lets us go on her phone, because
there' s like some things you can do and then you just turn it over and it
has a little teeny keyboard and you type it, the phone number. Soif |
wanted to call maybe my grandma’s house, | would just type her phone
number.

That’snice, | see.

So | could call her.
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Ok, so thinking more about math class now, it sounds like you guys use
your iPadsin afew different ways, you use Educreations, what else do
you do on there?

Y eah, we do Splashmath and Math Bingo, Animals, but it’s not Animals
it's, Adams ?

Addimals. Right, I’ve seen that.

Yeah. And then, that’s all we use now, we're using that penny thing now.
That new coin app, yeah, | saw that. So do you guys do math without the
iPads then pretty often?

Y eah, sometimes we do not, but | do sometimes | go on the whiteboards,
like because I'm really good at the whiteboards and | just get some
equations going when the teacher says go, and then | just get started before
everyone.

So you use the whiteboards, do you use anything else to do math? iPads
and whiteboards...

Sometimes paper.

Sure, just pencil and paper, by hand.

And the math equations.

Which do you like better to do math on out of all those, do you think?

| think, whiteboard.

Whiteboard, ok why?

Because it’'s hard to draw on the iPad. Because it might mess up and do
that

So you like the whiteboard better than a pencil and paper?

| like the pencil and paper one, | have so many decisions, | have to pick
one.

Ok.

S0, it’ s the whiteboard.

| see, that makes sense. S0, in general, do you think that math is pretty
fun then?

It'sreally fun for me, and my dad’ s been teaching me math in
kindergarten, first grade and second grade.

Cool. Why do you think it'sfun? Isit interesting, do you like the...?

| like when we just do math problems, hard math problems | don’t know.
Like if we do a new math problem we' ve never done before, | would just
get going and if I’'m confused | just draw a one hundred box and do the
thing.

So that’ s how you tackle atough problem, you draw a hundred box...
Yeah. Like, one hundred, wait, ok. Fifty plusfifty, if | couldn’t do that,
that would be really hard for me, so, | would....well, fifty plusfifty is
actually one hundred [laughs].

Right.

Y eah, that one’ stoo easy.

That’strue, you made up an easy one. What if we did one that was like,
one hundred and thirty-five plus fifty.

One hundred and thirty five plusfifty?
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Y eah, see that one’s alittle harder.

Y eah.

So, what would you do if you started to work on that?

So, well, if | had paper right now, | would just draw a one hundred box,
and what was it again?

One hundred and thirty-five.

Ok. One hundred and thirty-five, so [gestures] here's a one hundred box,
and one, two three [counting on fingers]

Three ten sticks.

And then one, two, three, four, five and five.

Five ones.

So one hundred and thirty-fiveand ...

And | said plusfifty....

Wait, one hundred and fifty? Yeah, | got it right.

Ok, | see what you're thinking. That makes good sense—it sounds like
you like answering hard problems.

Mmmhmm. [affirmative]

Fun. Do you fedl better when you finish one of those?

Yeah, | fedl really better when | finish one of those, like math problems,
my dad sometimes he gives me like hard math problems on the back of my
homework. Hefilled up my whole homework back and then | put an
arrow like this and then the teacher flipped it over and she was redly
amazed.

That’s pretty cool, wow. So have you ever gotten a problem that you
couldn’t solve before?

Y eah, | forgot what number it was. [laughs]

Weéll, that happens.

Y eah, because when you become alittle bit better at math you just forget
the number, what one you were doing, before it was really hard for you,
now it’s not.

Oh, that’ sright, sure. So you don’t really remember it as much, because
now it’'sjust easy and you just do it without thinking.

Y eah.

That's great. Cool. Well, those were @l the questions | had, Emma, is
there anything that | made you think about as we were talking, is there
anything that you wanted to say or do you have any questions for me?
Um, | think I have more, like alot of thingsto tell, | have so much.
WEell, go ahead.

| really like reading because these books, I’ m reading these really small
words, my daddy’ steaching me, it's the Lord of the Rings?

Oh, yeah.

We have, | think all the books of the Lord of the Rings, so my dad, | have
to read one page every night. So | get better at reading.

That’s till going to be alot of nights!

Y eah.

Those are hard books to read too. They have alot of...
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Y eah, that’swhy my dad said, well, my daddy told meif you get stuck on
aword and if it was like, it was areally hard word | would try to sound it
out and if | couldn’t sound it out | just would skip it, maybe, because
that’ s what my dad said.

Sure, and you know something else you can do too is, alot of times, |
might not know what aword means, but | sort of understand what’s going
on....

Yeah. Oh!

So | sort of make up aword that would go there.

Yeah. Sometimes, I, I’'m thinking what you' re saying. Because you have
to get, you haveto just seeif you got it.

So, for exampleif | told you that | elevated my notepad.

Y eah.

If you didn’t know what that word meant, what do you think it probably
means?

Lifted?

Y eah, lifted, right. So alot of times, if you don’t know what aword
means, we call that “by context”, we say you look at the “ context of a
situation” and then say, | bet | know what that means.

Y eah.

Sometimes you’ re wrong, but, you know, that’s ok.

Sometimes, fairy books are just like really, you know those fairy books?
And those magic poems? That’s the good ones for me.

Y eah, and sometimes they have really long namesin those Lord of the
Rings books too.

Yeah, likel forgot what his name, Gig....

Gandolf, maybe?

Y eah.

The wizard with the big beard.

Y eah, he'sreally cool.

So are you still on the first one then?

No, I’'m kind of on the second page.

On the second page, wow. Y ou’'ve got along way to go!

Y eah.

Of course, there’s movies and things too you can watch of them now, to
kind of get some pictures and things.

Yeah. And mostly just chapter books have like no colorsiniit.

That’ strue, they usually don't.

But some chapter books do.

Y ep, it depends on the book, you know, some people like to draw and
some people don’t. Great, thanks.
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First of al, just so you know, there’ s no right or wrong answersto any of
my questions, thisisal just seeing what you think, ok?

Ok.

For example, if | asked you something like, do you like math class?

Yes.

You do? Why do you likeit?

Because you learn alot. And it gets you smarter. And my brother, so he,
actually, no, my brother told me alot of times, but | did get him sick on
accident.

| see, you do have to watch out for that.

Y eah, so what happened is, | got it, then | gave it to Dad, now I’'m giving
it to [my brother], then he’sgoing to give it to mom, then I'm the first one
that getsit off first.

So you' re the one that infects everybody else, but then you get better first.
Y eah.

That’s pretty convenient for you then.

I’m lucky. I'm starting to feel better, my brother isjust getting it and my
dad is starting to get it.

Ok. Doyou fedl like you're pretty good at math then?

Yes.

Do you think that.. . because sometimes you can be good at something but
better at something else. Do you feel like there' s other thingsin school
that you're better at than math?

[hesitates]

Or are there things in school that you know you’ re worse at than math?
I’m good at science, I’'m good at math, I’'m not good at not really
anything.

Ok, so you're pretty much the same at everything, like reading and
writing, you think?

Yeah, | can’'t read much though.

Ok.

| can’t read chapter books yet.

| see. Sometimesit’s good to know, that way you know which things
you're better at than others. Y ou know, lots of people can be really good
at math and not be able to read as well as they do math. Sometimesit’s
the other way around, you know?

Mmmhmm [affirmative].

That's all pretty common. | noticed that in your guys’ class, you use iPads
in there pretty often.

Y eah, thisone app is called SplashMath Chapter 1 that we can do yet and
Chapter 2, and it helps you with math, it helps you with reading, and it has
alot of stuff.

Wow, that’s cool. | didn’t realize it helped you with reading also.

Y eah, because it has problems that you need to read.
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Oh, sure, to do the math problem, you have to read the problem on the
app, ok.

Y eah.

Well, that makes sense.

Or sometimes, they’ Il read it to you, but if you' re not paying attention...
Do you feel like you're pretty good at using the iPad?

Yes.

Ok, cool. Like, you can find apps pretty easily?

Y eah.

Do you have alot of experience using that sort of thing? Like, do you
have computers at home that you use?

We used to have one, but once we were watching it on our computer, me
and [my brother]’s, and we were having adrink and suddenly | had a drink
too close and it got on the computer. Luckily it’'s happened before so, but
it started to work, so that was the second time it went through that so, after
that it couldn’t be working. So me and [my brother] are saving up but not
for acomputer, because there' s this one remote control helicopter out, the
[Mauler?]? We wanted it but they just moved the helicopter store
somewhere else.

Oh, bummer. Isthat the one with the four blades?

No, we had the army one and the huge one. Me and [my brother] wanted
that.

Cool. So you had that laptop that you used, are there other electronic
things that you like to play with or that you feel like you know how to use
pretty well?

Our mom'’ s phone, our dad’ s phone, pretty good at walking my dog,
Blackjack, he's agreat dane.

Ok, cool. | noticed you using your iPad for math, you said you used
SplashMath, you use...

Math Bingo.

Sure, what else | have seen you guys do...? Well, there’ s that coin app
that you started today.

Y eah, Counting Money.

Right. What else? Do you use the iPad for anything else when you do
math?

wings.

Right. Oh, when you’re drawing on it.

Y eah, that’s called...what was the name of it....

Educreations?

Y eah, Educreation.

Great. So you guys don’t only do math on the iPad, right?

No, so we can do it at home. | don’'t use my dad’'s phone because if you
like, do a problem and then hit equal, it just shows the answer.

Sure, it just has a calculator.

Yeah, and if you use your dad’' s phone and then hit equal and it just
shows, that would be not really doing your homework.
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Sure, that’ s not really doing the math to add it up.

Y eah.

That makes sense. So you do math with those, do you also do it with just
apencil and paper?

Yeah. | make problemsfor my dad and [my brother] and they solve it and
then | go back on my dad’ s and type the answers and hit equal to check
their answers.

That’s cool. Now which do you like better, do you like doing math on
your iPad or with just a pencil and paper?

Pencil and paper.

Why?

Because, when you're on the iPad, it just like says, you can’t read it by
your own self. And it doesn’t have, because you can’'t use your fingers,
and it says problems that you don’t even know.

Ok, so | think | see what you mean. Let me seeif | understand you there.
So you like it on pencil and paper more because...

Y ou can actually read, use your fingers, where the iPad on Addimals, you
can't really use your fingers. Because there' sthis evil guy, you have to
remove the blocks, find out the answer, but he has his little robot that has
this chainsaw that cuts metal.

I’ ve seen that, he's coming across, so you have to be really quick about it.
Y eah, you have to think quickly. So | don't really do that one becauseit’'s
much more harder. But I’m almost finished with the puzzle.

| see. Because on theiPad you're using your fingers, so you have to do it
all inyour head. But on apicture and paper, you can draw a picture or put
your pencil and down and use your fingers.

Y eah [nodding]. But if he cuts one chain, then there' s only one hanging
on and then alittle bubble comes up and it takes a break and tells you
something. That’swhen | actually use my fingers.

| see.

| don’'t always make it do that, because, one thing you wouldn’t really get
any gold. Because you need the gold to show the picture.

Sure. Do you fed like you're getting faster at those?

Yes.

So you're able to get the pictures alittle bit better?

Especidly, there' sthis, if you don’t get it by the time it cuts each chain, it
shows ared block and it fallsand it will cover up that answer on your
puzzle, so it won't show that half that you just got wrong. If you got
green, you can only see the green, and once you got it gold, you can
actualy seeit.

Ok. It soundslike you sort of enjoy math? Would you say you think math
isfun?

Yes.

Why? What makesit fun?
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It's fun because you don’t actually get it off online, and then when you
like are agrown-up and you get asked some kid what’ s like ten times ten,
then you'’ d have to look it up on your phone.

Ok. So math isfun because you...

Learn alot and you don’t have to actually go online and look up the
answer.

You don’t have to look it up, you know how to do it yourself?

Y eah, you just know how to do it.

Do you think it’s neat to think about math stuff? Or isit just that it’s fun
when you finish a problem?

It's fun once you finish the problem, but at home | have to do my spelling
wordsten, five times, so it sucks. But today was the last day of our old
spelling words.

That’s nice.

And now | don’'t have to do my spelling words today ten times.

So it sounds like you have to work pretty hard in spelling?

Y eah.

Do you have to work hard in math class too, do you think?

Yes. We have two iPads, | mean, not iPads, | mean DS s at home. So
what you do is there' s games, but you have to buy them but they’ re not
math games unless there’ s one there. But there' s this one, [sands of fur?],
it'safunone. And Mario racing. Because those games...I lost my DS,
cause somehow, but | know where it was, | remember where | put it, and
then | heard athunk so | know whereit is.

| see, it fell then.

It fell down the heater, conditioner thing.

Oh, the vent.

Y eah, I’'m hoping we can get in there. And I’m hoping that we haven't
had the heater on too much, because it’s made out of metal.

That would be rough. You'll have to get in there and find out.

And if there sagamein there...

The game would probably be ok, I'll bet.

No, it’s made out of plastic and there’s metal onit.

True.

But, we do have other games—my brother shares his.

So, | was think about how you mentioned you have to work hard in math
class, but when you get a hard math problem, what do you do when you
get a hard math problem?

| use my pencil and like, if it's aone hundred, | make a one hundred, then
like, one hundred fifty | make five lines, and then | can just see the
answer. | can count up.

So it sounds like that you then are just drawing a picture of the number
and that way you can hold onto that to think about it?

Yeah. Becauseif you just use your dad’'s phone, my mom'’stold me it
doesn’t really work, because if you hit nine plus, it just showsit, the nine.
And you then have to know what the other number is and hit it?
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No, every time | hit nine, it will show thenine. Then | try to hit plus and it
wouldn’'t work, it kept hitting plus, plus, plus, plus,...

| see, some calculators are like that.

But my dad’sisn’t, | don’t like his very much because if | have a problem
on my math homework and | say that, then | don’t really useit cause |
don't. Because, we have other calculators, but one actually you'd hit a
button and it’d have something, like you could have a stand? But we lost
that one.

Oh, I’ve see those, where it folds over the top? And stands up?

Y eah.

Weasit silver?

It was blue and silver.

Weéll, thanks Aiden. That was all the question that | had, was there
anything that | made you think about while we were talking, that you
didn’t get to say, or did you have any questions for me?

No.
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So first of al, with these questions there’ s no right or wrong answers or
anything, it’ s just some general questions to talk about.

Are they asking about what we' re learning about and stuff?

You got it, that’sit. Andalot of itiswhat you think. So for example, if |
asked you something like this, do you like math class, for example?
Yeah. | do.

You do? Why do you think you like math class?

Y ou get to think alot and use equation and stuff, like in your mind, and it
helps you get smarter and when you get college, you can go to college.
Oh, so when you get good at math, you can go to college?

Y eah, and school.

| see. Do you feel like you're pretty good at math then?

Y eah, sometimes.

Ok, sometimes. | feel that same way. But sometimesit’s pretty hard,
right?

Y eah.

Sometimes it helps me to compare it to other things, so like, do you feel
like you're better at math than some other things at school?

Weéll, | think I'm better at PE, because it’s like exercise and | usually do
exercise more than math.

What about reading and writing and that sort of thing?

Yeah, reading. My favorite subject in school are library, PE and math.
Ok, so your favorite subjects are library, PE and math. | see. Inthat
order, or are those al kind of equal?

Equal.

| noticed that in your guys' class, you use iPads pretty often.

Y eah.

Do you feel like you're pretty good at using the iPad?

Yeah, | don't, like, throw it and stuff.

Sure, and are you ableto find the....

Games? Yeah.

Ok. Because for some people, it's confusing if they don’t get to use that
sort of thing much. Do you get to use computers or laptops or any sort of
electronic stuff like that...

At home?

Y eah, at home.

Y ep, play Playstation, Xbox, computer, my phone (which is broken)...
Oh, you broke your phone?

Yeah, | threw it off of a12 feet house.

Well, that would probably break the phone, | think.

Y eah, but it'snot like all the way broken, it’s the cover that’s broken.
Wl that’ s good then, so you can still kind of useit?

Y eah.

It sounds like you feel like you’ re pretty good at using technology then?
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Yeah. Becauseit wasn't my fault because my brother tapped me when |
was playing agame that, you have to go like that [gestures|and sometimes
it slips.

Ah, you weren’t holding onto it very well?

Y eah.

Cool, ok. Inthat case, when you started using iPads here, had you ever
used anything like that before?

Yeah, | have used atablet.

Oh, you have? Cool. So you knew what those were before. | saw that
you guys use them for math agood bit. What sort of stuff do you do on
the iPad when you' re doing math with it?

We usually just use like math games or book, or we could just go on our
iDiary, that’slike adiary that we use, or notebook.

| see. So you can write things in there?

Y eah.

What sort of apps do you use?

iDiary, Addimals, Splashmath,....

There sthat new onetoday....

Counting Coins.

Right, what else do you use for math?

Math Bingo.

Good call, what’ s the one that’ s a whiteboard, you can draw with different
colors?

[hesitates]

Educreations?

Y eah.

I’ ve seen you use that one for math pretty often too. Do you do math
without your iPad too?

Y eah.

So how do you do it then?

| just use my fingers or just go to our free choice and grab a couple blocks
and put those together and do that.

| see, that’s pretty sweet. So which do you like better, do you like doing
math better with the iPad or do you like doing it better with the other
things you mentioned?

iPad, pretty much.

Ohreally, you like the iPad better? Why do you like it better?

Because you don’'t have to use your strength, you have to just touch it.
Oh, so it'seasier to just touch it?

Y eah.

So you mentioned that you enjoy math, do you think math is fun
generally?

Y eah.

Ok, why do you think it'sfun? Isit interesting? Do you just like it when
you finish a problem?
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It helps my brain think and when I’ m at home doing my homework, then |
remember what | did at school and then that helps.

So it just helps your brain think. It’slike exercise for your brain?

Y eah.

| like that, that’sagood idea. Do you fed like you have to work pretty
hard in math class?

Y eah.

You do? Good. So when you work hard in math class, like when you
have a hard question, how do you answer a hard question?

| ask the teacher if | can use some blocks.

Oh, ok. So you use the blocks to answer a hard question? | see. Why
does that make it easier, do you think?

Um, it’s pretty much blocks, that, if you have awhole bucket of blocks
and you' re doing your math, you can put then all on here and just count.
Ok, so you can just put them out and then count it from there.

Y eah.

| see, that’s cool. Well, that’s about al of the questions | had, Noah, is
there anything that | made you think about while we were talking that you
didn’t get to say or do you have any questions for me?

No.
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So basically, these questions are pretty much the same as the student
guestions. | guess, if you want to see them, those are the student interview
guestions that we gave them.

Oh, I’'m really curious to see how they responded, yes.

Of course, | kind of tweaked them, or bent them and bounced around as
needed.

Modified them depending on the kids.

The teacher version isbasically very ssimilar. So we can just kind of tackle
these, | guess probably in order would be easier to keep track of .

Yeah, let'sdoit. Sol started teaching in 1989. And | love math, math has
always my favorite. It wasmy favorite subject asakid. Thisyear wasa
little more challenging with having so many intensive and strategic kidsin
our math class. | think it's amazing that we can have a smaller strategic
intensive group, but the kids learn at such a slower rate. So that’s kind of
achallenge.

So did you always feel growing up that math was your best subject?

Yeah, | wasjust like realy good at math, so | loved it as akid.

And so, when you did your training in college, do you remember, did you
have to take math for elementary students?

Y eah.

Where were you certified?

So, | went to the University of Great Falls and we did have a math for
elementary teachers, methods—they were all methods courses at that time.
Anditwasn't great. | think curriculums have changed alot since then, for
sure. | think Math Expressionsisarealy, realy strong curriculum. When
| taught in Great Falls, before | moved to [this city] in 2007, Great Falls
had really good math training and really good math curriculum, and |
taught kindergarten, first, second and fourth grade. And | particularly
loved 4™ grade math because it' s alittle more interesting and the kids are
learning so much, and that was great. Really, really enjoyed that.

So did you feel like you had to brush up when you came to second grade
here?

Yes. Just kind of moved backwards. But it is really interesting, from 4"
grade in the early 90s, to 2™ grade in 2014, many second graders are
learning what we used to teach in 4™ grade.

Oh really? Interesting.

Not everything, but some.

So there were students in the 4™ grade that still were missing this material ?
Sure, like subtracting across zeroes, you know that used to be a 4™ grade
thing. And now weteach itin 2" grade. Soit's amazing how much
quicker acquisition is expected and most kids are up for it, so it’s super
cool. But think that we' re seeing the gap get wider as the curriculum gets
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more rigorous. | think that the kids that have the basic skills are zooming
and that the kids that don’t have the basic skills are struggling because of
the pace.

| guess the question isjust, how do the numbers compare to what you
previously saw in fourth grade as far as, are more, like you said, zooming
ahead, or arethere....I guess that would be the thought, that if you do that
early on, by 4™ grade we would hope that more of them are at a higher
level than before, but that’s a hard thing to measure, | guess.

It's a hard thing to measure. | wonder if, just comparing teaching second
grade now to teaching second grade when | started, I’ m sure there were a
lot of second graders that were probably bored in math because the pace
was pretty slow and they were probably ready for more. But | think the
kids that were struggling didn’t fall as far behind, because the pace was
slower.

Sure.

So | think it will be interesting to follow these kids, or if we touched based
with the 4™ grade teachers about the kids that did have this Common Core
math and are now in 4" grade, where are they? Are they pretty much all
benchmark? Or do we still have alot of intensive and strategic kids?
That’ sinteresting to see, because | guess the problem would be like, if al
you end up doing is widening the gap that you previously had before, but
now you have certain kids who have moved on further, but other kids who
are right where they were before.

It'sachallenge, and redlly, mastery is the goal for everybody in math.
So...tricky, yeah.

| guess technology would be the next thing to talk about. Where would
you put yourself use of technology-wise? Are you confident about it at
home?

Yeah, | useitalot. | haveaPC that | do alot of, all my home stuff on,
and | have an iPad and | use that alot, and | have an iPhone...yeah, | feel
pretty good.

Asfar asin the classroom, if you started in ’ 89, then you got to see the
whole push for computers coming into classrooms.

Yes.

Did you have computers in classrooms when you first started out?

So, theway it wasthen, it was alab. So we had, a couple of the schools,
they had two labs, and you scheduled lab time every day with your
students. Andin Great Fallsthey did what was then called CCC, and now
is called Success Maker, are you familiar with that?

No.

So it’sadifferentiated program. We used reading and math, and the kids
were to be on 20 minutes a day, every day, and you could alternate reading
and math. And then they just worked at their level, so first they were
given a baseline assessment and then the computer placed them and it was
all aligned with the curriculum. And so, if they needed remediation, that’s
what they got. If they needed a challenge, that’s what they got. It was
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actually pretty cool. Now, [in thisdistrict], some of the schools used
Success Maker, and [this school] is now getting five licenses for that,
which we will share among the entire school. So, what it means by a
license isthat five students can be on at one time, anywhere in the school.
Ok.

So, we have decided that we're going to use it as an intervention to start
with. | think for those days, we were probably pretty savvy.

So that was in the lab, did the students, did you go down as a classto the
lab?

Yes.

Since it was trying to hit them all at their level, then the whole class would
be there, not just afew of the students.

Y eah, the whole class would be there and as the teacher, you would just
monitor. Y ou would go around and the kids that were accelerated, they
would bring paper and pencils and often times you had to get in and help
them because, as a 2™ grader, they might be already on multiplication, or
get a problem that they just didn’t have the vocabulary for. If they were
on intervention, it wasreally just alot of practice with the skills that they
were deficit on. Then, when | taught 4™ grade, we also taught
keyboarding in the computer lab.

Sure. | remember typing class.

Back intheday. Yep, that’swhat we did. And | don’t think they teach
that in [this city].

Y eah, that’s agood question. | think that nowadays, they’ re sort of
expecting it to happen naturally?

| think so too.

| guessit’s probably true that most students get exposure, but....
Eventually.

Ok. Obviously, you guys have iPads in the classroom. What do you
think? Do you like using them?

| lovethem. | think it’s super cool how engaged the kids are when they
areon aniPad, and | think it’ s differentiation, right there. Some apps are
better than others. And because our budget is really low, primarily we're
using al free apps. So, the assessment tool is not as good as it would be if
you were buying the paid version.

Because those would alow for more specific assessment?

Yeah. Oursaretypically al thelite version, because they’re free. But |
think it givesthe kids great practice, | think they’re totally engaged, and
that’s huge and | think it's awesome, | can’t imagine not having them.
So, do you think it affects your teaching then, of math?

| think probably, | think it’'s positive. The kids—it’'s a great tool for early
finishers. That they’ ve always got something that they’re really engaged
in and they can be independent at. And | think that’s huge. | think it's
also, weuseit alot in here for awarmup.

I’ ve noticed that.
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So when the kids kind of flow in at different times and rather than just
waiting or getting off task they can go back to it. | think it’s great.

Idedlly, | think that there would be more money so we could get some
appsthat are just really fantastic and also have the assessment tool in
them. Maybe alittle more training on really how to best....best practices
for using iPads in the classroom.

Ok, sure. | suppose that the other question there would be, how do you
feel the support or training is now, just for math teaching? What I'm
trying to divide between is the technology support on one side of it, but do
you feel like you have enough support on the math side of things?

So, | think just to address, first of al for the technology support, it’sreally
not existent in [this district]. And for the teaching math support, there are
DMI courses that all teachers are expected to take at least two of, and
those are pretty fabulous and | really got alot out of those. But for new
teachers coming into the district, | bet it's extremely challenging. | have a
lot of experience teaching math, but | think for new people just out of
college, | bet they have a big challenge.

| wondered what you saw in student teachers coming through.

Y eah, they’ ve all taken the math for elementary teachers, and [the
Benchmark teacher] and | and [the Spanish Immersion teacher] (when
[she] used to teach math), we do alot together and that really helps. |
think if you have ateam to work with—yes, yay! But | think alot of
people are flying solo and really struggling.

Ok, that’s good to know. Do you find yourself putting more time into
math lessons compared to any other subjects?

Probably more into reading because of all the number of reading groups
that we have? So that takes alot of time.

So, you mean the many different levels of reading.

Yeah. And when | first started teaching math expressions, | put alot of
time, a huge amount of timeinto it. And not so much now. It'smore
hands-on.

Y eah, it's aways that way when you start to teach a new prep.

Y eah, you're learning right along with them.

So when you started with Math Expressions, was that your first year
teaching second grade, then?

No, Math Expressions was when | moved to [thiscity]. So, my first year |
taught kindergarten and then the next year, so 2008, | came to [this school]
and taught second and we had Math Expressions. And then a couple years
ago we got the Math Expressions aligned with Common Core. And that’s
definitely more rigorous. It’'s basically just the same as the Math
Expressions but there’ s more rigor and the pace is faster.

So, did you have to refresh yourself much? And if you did, how did you
doit?

Yeah. Well, the vocabulary is different than when | first started teaching
2" grade. And actually, the whole, quick draws, showing your work, all
of those things, there’s a much higher expectation for that, making sure
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that kids really understand what they’re doing. We' ve really gotten away
from just learning the algorithm and really moved more toward show me
that you know. Really, there’s a huge expectation for kids to be able to
explain their thinking, and | think that’s great.

Were you just able to use the prep materials that came with the Math
Expressions curriculum? Just sort of sat down and cranked through them
on your own?

Y eah.

Did you have to hit Google for videos and things like that?

No, although when | first started teaching Math Expressions, we had a
TSA who did make some videos. And particular, with the calendar
routines—calendar routines are a huge part of the Math Expressions, and
that’swhere alot of the skills are introduced.

| guess| don’t know about that, calendar routines?

Yeah. Shereally knocked herself out making videos on that and modeling
it, it was really cool.

I’m the same way, | tend to just sit down with the book and sort it out, but
you were aso good at math, too, which could probably change the way
that people have to prep.

Y eah, but there are alot of Y ouTube videos on teaching Math
Expressions, alot. And I’ve had alot of student teachers that go and ook
them up and are like, oh my gosh, that was amazing, so cool.

Oh, | think that was all the basic questionsthat | had. |sthere anything
else? Obviously we have al the time in the world to talk and you can go
on about whatever you like that | can include, but is there anything else
that | stirred up that | made you think about or skipped over that you
didn’t get to talk about just then?

Not really, | want to just say having you come in and having [our other
volunteer] and people come in that really know and understand math is
amazing, because particularly with the learners at the intensive and
strategic level, they really need more one-on-one or small group, and most
of them are non-readers. So that isreally adisability for them, soit’sjust
awesome and powerful. And | think that hour flies for them because
they’re so engaged. And | think that [the Benchmark teacher] and |
making the decision to do Walk to Math, her willingness to take on a
bigger group and all that has really been amazing for the kids because if
most of these kids were in aregular math class, | think they’d be redly,
really struggling.

True. And honestly, from what I’ ve seen, many of the onesin the other
one would probably be pretty bored.

Y eah, they would be.

That’s such atough thing. Because that sort of tracking is certainly what
was done back in the 60s, where you may have had A math and B math
and C math or whatever, and they would go between those. That’s still an
open debate, | guess| fedl.
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Itis, and | really am torn about it too and | think one of the things the
intensive and strategic kids missis that modeling by benchmark and
benchmark pluskids. | really feel it’stough and | know alot of schools
are moving towards clustering, which really istracking. And
philosophicaly, I'm really torn.

But at the same time, when you see these students able to succeed and
actually learning some skills and proceeding along and not just always
being...

Left behind or not finishing. So, it’stough, it’sreally tough. And you
know, our goal isthat we can catch up those strategic and intensive
learners so they will benchmark, because we know that’s so important.
When you leave second grade, if you are benchmark reader and math
student, there’s a much higher likelihood that you'’ re going to continue on
that path.

And | wasreally surprised too at how big of an impact reading makes.
It'sincredibleisn't it?

So many of them, | feel like deep down they understand the math at some
level, they seem to see it once they can get through the reading.

Yes.

Which then makesit really difficult to assess too and figure out isit a
reading issue or isit a math issue?

And that reading affects everything. Scary.
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A few questions to just get some background, | guess. So how long have
you been teaching math?

Thisismy 20" year. And all the years, I’ ve taught math, so I’ ve had 20
years of math.

So, how would it work where you wouldn’t teach math at the second grade
level?

So sometimes in the schools that I’ ve taught at, we' ve had teaming. So
kind of like the same idea, but we'd swap kids. Likein Bozeman, | taught
all of the science and the math. And then my partner taught the social
studies and the language arts. So, it was kind of interesting.

| see. So at that point you were teaching math and science, and not the
other side.

Y eah.

Are you more confident in math, do you feel?

Since the beginning?

WEell, | don’'t know. That's agood question. How confident were you
with math at the beginning vs. now?

Right, well definitely confident at the elementary level with math, but if
you put me in middle school and high schooal, | would be stretched. But
even now | think over the years, hugely I’ ve improved on my strategies
and my delivery of math concepts. And also the classes that we' ve taken
through our Math Expressions, like our base ten and all those classes they
were eye-openers, honestly.

Cool. | guessthere' salittle bit of a difference between as a student when
you were growing up, were you confident in math, versus how confident
you are at teaching it?

That’ strue, because as akiddo, no. Math was not my forte. And | did not
feel stronginit. | felt much better with language arts and things like that.
But as ateacher, math is actually my favorite thing to teach, right now.
Really? Why?

Y eah, out of everything. | don’t know, | guess| really enjoy the talk of
math, | liketo seethe ah-ha's, | like to see success and | think with this
program and with the way | teach now, | think there’s alot of success and
| just really thrive onit. | think it’s cool.

When you say the way you teach now, how isit different?

WEéll, | think now, from the beginning there’ s just so many strategies
offered and kind of a more open ended way to solve, whereas before we
just kind of pigeon-holed and showed kids just the rote ways to do things,
but now we' re doing the explaining and the understanding and show me
how you understand and | just think it's so much more successful.

So as far as the algorithm of stack it, or put the 1 on top or the bottom,
before did you pretty much go from basic addition facts to here’s how you
add?
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Y eah, maybe manipulatives. And then it went straight to carry your ten.
And that’sit, instead of quick draws and all the other methods or even
combining them together. And even just the things like kids don’t know
that they do, but making it apparent to them, like our anchor numbers of
tens—all the tens. Our anchor of fives—fives are beautiful for kidsto
anchor to. Understanding doubles, doubles plus one, it just helps them to
maneuver around those numbers much more quicker.

The doubles plus oneisone that | think | never really remember doing as a
kid, but you'reright, it'sone that | see them using very often. Really in
places where | wouldn’t normally useit, | would, like you say, anchor to a
ten or something.

Yeah. | likeit.

| guess a couple other questions about just technology in general. How
confident are you using technology at home? What tech do you use at
home? Isthat your job, or isthat somebody else’ sjob in the family?

| survive with technology, but I'm not that great. But | am good, | do have
an iPad, | do have a personal computer, so | use those. Then my iPhone.
So | use all three, even though they’re different abit. And then, with all
the other technologies at the home, yeah, I’m not so great. Areyou
talking remotes and anything [laughs].

Exactly.

No, internet, no | don’t feel super confident. | feel actually better in my
classroom.

That’swhat | was going to ask next. How do you feel using it in here,
because it seems to me like you use it quite well.

We do use our document camerain conjunction with our Apple TV, and
then our iPads of course. And then sometimes, | pull out my iPhone too,
to integrate with it aswell.

And how are you using that—just next to a student showing them
something?

Pretty much. Or sometimes, I'll even put my iPhone underneath the
document cameraand it will display. So if | had a short video that | saved
or something, | will project it through that.

| see, so not necessarily an app that’s on there that you don’t have on the
iPad.

Y eah.

How long ago, do you recall, did you guysroll out all of thistechnology?
Redlly, that new document camerais probably only four or five years old,
and then the InterWrite boards I’ ve only had for like three years, and that’s
big technology of course. | felt like we werereally late in getting the
whiteboards in our school.

Y eah, | guessthat just depends, school to school. Over at the university,
it's like the future over here where you guys have whiteboards. Only a
few of our classrooms have them.

Ok. Wéll good. Just comparing with some other districts and such, |
know Hellgate Elementary had them all in their classrooms, like five years
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ahead of us. But that’s different. Yeah, so | do love the technologies of it
and | do love obviously the iPads and the apps that we do try to download.
Using theiPadsin class, that’s only been three years now?
Thisisthethird year.

How did that feel when they first rolled out? Was it more of a daunting
and scary thing? Or was it an awesome thing?

Huge, it was daunting and | just didn’t know how we were going to
manage all of them. And | was just worried, as a mini-computer, how
were those going to be handled by students. But all my worries were
really put to rest rather fast. Except for asyou see, at the beginning of the
year, when we' re downloading all the apps back onto the iPads and trying
to manage those, it’s tough.

So, the management end of them is hard, but as far as the way that the
studentsare using it...

Lovely.

What were some of the fears that you had? Were you afraid they were
going to break them?

Break them for one thing. Bein areas, like having access to internet,
where they shouldn’t. But that hasn’t been really a problem. We've had a
couple of kids that have perused around, but they’re savvy because they
doit at home.

So they know what aweb browser is.

Yep. And into some things that should not be, yeah. But our district’s
pretty good now with all the blocking, so | fed alittle bit better.

That’s good.

So yeah, the breakage of it, and we also have some apps that have, they’re
free, so they have some commercialsonit.

Ads and commercials.

Y es, and that bugged me at first, alot. And | thought we' d have alot
more parents that would be uptight about it, and we do have some, which |
understand. But for the most part, the kids don’t even notice them.
They’rereally in tune with what they’ re doing on them. But what | would
like, I know we have our tried and true apps for math, and for reading and
socia studies and things that we like, but we just don’t have the time or
the manpower or the money to download more specific. Like, we should
have an app that’ s al about what we're learning about now with geometry
and such, but we don't.

That’swhat | was kind of curiousto see.

I want more specific, pinpointed appsthat | feel like, it’ s just another
second chance for them to apply what they know, or learn while they’re
moving along. But we just don’t have the...

Y ou guys are just sort of getting them set up in the summer or something
and pretty much what you roll out then is what you use for the rest of the
semester then?

Y es, and there’ s not funding to allow for additional—most of those would
be paid that are so specific.
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| see.

We need funding, we need more time, we need someone to help...

To roll those out to the iPads and to manage them.

Y eah, to support us. | think they will be, in time, hugely supportive. And
| do think that they are supportive, but | just want it to be alittle bit more
focused. Very focused.

That makes sense. Do you think that having them affected your teaching?
Yes, | redly dolikeit. It'smore progressive, it makes mefeel like | need
to be more progressive in terms of how | teach. So | try to be cognizant of
how could | make this more adaptable or more current to what kids want
to see, or how they learn, or whatever. So yes, it does add alittle spark. |
liked it.

Ok. And you think the kids like them?

Y eah, they love them.

Y ep, that seems to be.

They do. Although, Ethan, he prefers to do paper/pencil stuff.

Interesting.

So even though we have a couple of the new apps that are quite
challenging, they get into multiplication and such, if you find him over
here, he'll be working on his supplemental packet that | have for him
instead of working on that.

It's funny, in hisinterview—Dbecause he's actually pretty technical. His
dad’ s an accountant or a CPA, and he was talking about alot of the
technology he knows. But | think you’re right—to him the fun of math is
sort of just pencil and paper.

Helovesthat. I’ve asked him, | said | could download the 3" grade
splashmath for him and he said “ Y eah....ok.” And | said so, then his mom
reiterated at conferences, that he prefers honesty to get down in the gritty
and just, you know. And so, | asked him, if | give you the choice of two
different things, what would you choose? And he said, I'd grab the paper
pencil activity. And | said, ok. But | think | am going to download the 3"
grade math for him.

Just in case?

Yeah, soit’'ll be, we'll pay for that separately. But that’s what's good
about the iPads, if we could have alittle bit more funding and alittle bit
easier downloading of these apps, it really could be very individualistic.
Super individualized.

So you're imagining a different payload for each student.

Exactly. So, the kids that are with you, over in [the Intensive & Stragetic
teacher]’s class, they’ d be working on SplashMath 1% grade. And then
we' d move them into 2" grade when they’re ready. These guys, 2™
grade, we' Il move them into 3 grade, so it s alittle bit more...

So right now, they all just have SplashMath 2™ grade?

Y eah, they all just have 2™ grade.

That’s agood thought. Ok.

| think that’d be really helpful.
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So thisis more about, back to you as a student. When you were a student,
you mentioned that you didn’t feel just super comfortable in math, but did
you think that math was interesting? Or wasit just sort of an unpleasant
task?

Kind of unpleasant. Yeah. Because when | was taught, | basically was
just told what to do to get through the problem, but didn’t try to apply it to
something that would link me in personally or to make it relatable to our
own world. Really not good.
So it became more interesting then as you started to try to teach it to
students? Saw where it would apply?
Yes. | lovedit. All of asudden my eyeswere just opening. And evenin
college, | didn’t like the way they taught us our math for elementary at all.
Wasit very rote?
Yes. Again, it was just algorithms, duh-duh-duh-duh-duh-duh-duh-duh.
That was along time ago.
Where was your teaching training at?

So, | went to Montana State and graduated in ’ 89.

Ok. I don't think I know anybody that would have been teaching over
there at that point. | know the crowd we had teaching here at that stage,
Johnny Lott, and Rick Billstein.
Y ep.

| guessthisisn't asrelevant of a question for when you were just teaching
math and science, but do you find that you put more time into the math
lessons now as compared to other subjectsthat you teach?

| do put alot, but | think I’ve always put alot more into math, just
because | think, | know personally | want to make sure that | know what
I’m doing because | had such a, | think seriously because | had such a
rotten experience.

So you’' re worried that you might sort of accidentally get in a corner where
they ask a question about parallel lines or something....
Yeah. And of course, still | don’t know—sometimes they’ |l catch me and
I’1l just say, you know what? Good question, I'll have to ook that up and
make sure that we're on the right track on this. Rarely in second grade,
but still, some things.
They catch me sometimes.

Y eah, interesting.
And you mentioned, as far as refreshing yourself on the material when you
need to for alesson, are you mostly just using the book materials for that
or are you using the internet, or other teachers?

Yeah. Obvioudly, the book drives the lesson of what I’ m going to be
teaching, but honestly now that | have it down—I piloted this program to
begin with to even see if we'd like it.

| see.

So that was kind of fun, so I’ ve been teaching this program either five or
six years...maybe even seven. So | taught awhole year ahead of
everybody, then we met as ateam to decide if this was the best program.
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We had other teachers teaching other thingstoo. So that was cool. And
then | got to be actually in on the training of teachers of this program too.
Ok.

So | likethat. It was cool, so | took some autonomy over it and | really
likedit. That'swhy | said | would do it. Because again, not so good of a
math student, but then | felt super confident about teaching it and
conveying it so while we were teaching it and implementing it | did have
quite afew people coming to watch how | did this, how | teach this math,
this program and such. That was kind of scary at first, but then | just got
used to people coming in and watching.

Do you feel like you got yourself refreshed on the material by fire then,
just going through it that first year?

Yes. Eventhen, I'll write myself little hints on my teacher manuals all the
time—remember this, this worked best for you, type of thing, and | always
tell them, the student teachers and the other teachers, just write all over it,
remind yourself. Don’t make that mistake twice, you know, for the next
year.

Is there much in the way of trainings throughout the year that you go to
that you find are useful ?

Y ou know, at the beginning, yes, because they made you take three of the
classes, and | say made because at first we were all just like, oh my gosh,
but once we went, we were like, yep, we totally get it, they’re very good.
But since, then, no | haven't have very many refresher.

That's as far as math goes, as far as technology training, of the use of that,
that’ s just sort of been...

Horrible. 1 mean there was afew trainings, like on the whiteboards.

We' ve had no official, when we first got our iPads, alittle bit of setup
training and how to do it, but that’ s it.

It sounded like, from talking with [the Spanish Immersion teacher] a
couple of years ago that alot of it was you guysjust sort of figuring it out
on your own.

And | think that because it was so new for usto have all and we were kind
of...it'ssilly to say, but paving the way with those iPads, because they
were figuring out at Apple too when everybody was trying to do all the
iPads under one Apple book or whatever.

Y eah, how to manage that software.

The best way with our server and how they’ ve changed that so many times
because it just doesn’t work.

Yeah. It sounds like they sort of haveit sorted out now, but am | right in
thinking that it was more like [the Spanish Immersion teacher] and maybe
[the Intensive & Strategic teacher] to some extent were really taking the
lead on that then?

Y es, they were at the main training of those because | was gone, out of
town. Otherwise, | would have been, but no, | was not.

They both sound like alittle bit more into technology type people to me,
just from whenever I’ ve spoken to them.
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Y eah, [the Spanish immersion teacher] did her mastersin tech....
Educational technology or something?

Exactly. That’'s her masters.
Wow, | didn't...that makes alot more sense.
That makes sense huh?

| know she was much more comfortable with students using the Airplay
app where you could Airplay it to the screen and things. Have you tried
that with your students before?
Yeah, | dothat all the time.

| was just curious, | hadn't really seen it too much in these lessons.
Y eah, in math yep. Yeah, we do it alot, especialy with our writing and
our iDiaries, we project and read out loud to each other.

Excellent. And that seemsto work ok?
Y es, our wifi is better than last year, which is better from the previous
year.
That’ s good then.

But it'll drop right in the middle too and it’ s frustrating for the kids.

| see. Well, | don’'t want to take up any more of your time, that’s plenty.
You've answered all those that we needed.
Okay.
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Ok, so you might remember some of these from the last time we talked.
Y eah.

And that’s ok—so if you want, just answer however you happen to
remember, Ethan and if you think your answer’s alittle different, that’s
cool too. Ok?

Ok.

So, first question is, do you like math class?

Y eah, but it can get alittle boring because | know most of it.

Ok, so you know most of it, so it gets kind of boring? So do you fedl like
you're pretty good at math then?

Y eah.

Are there other things that you' re better at?

No.

No? So really math is your best?

Mmmhmm [affirmative].

What are the things you feel like aren’t your strongest subject?

Uh, writing is my weakest and ... in kindergarten and first grade it was
reading and at the end of first grade it was writing.

Oh, interesting. So over the first grade you think you got alot better at
reading then?

Y eah.

That’sgood. Did that help your math, did you notice?

Umm....yeah, alittle bit with story problems and stuff.

Sure. | could seethat. That’skind of neat sometimes how that all blends
together.

Y eah, and then what probably helped me the most was probably getting
glassesin kindergarten.

Ohreally?

| got them halfway through.

So getting glasses helped alot to be able to read better?

Y eah, and write and do math.

Sure. That'sinteresting. | always forget about things like that, but you're
right—before | had glasses, | had trouble reading the board in a class from
the back of the classroom and stuff like that.

[nods affirmative]

Good. So | noticed you guys of course have your iPads in the class.

Y eah.

Do you feel like you're pretty good at using yours?

Y eah.

Readlly? Ok. Do you use other computers much?

Yes, I’'m one of the three that uses them lots.

Oh, | see. So you mean the computersin class?
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Yeah, | do.

| see, so what do you like to do on the computer?

WEell, there’ sathing called Educreations, and it’s like amath thing. So
then we always have to go to e-games and do stuff, and | still have the
record for most friends gotten.

Wow, | see.

And | did it in third grade math, so the others hadn’t.

So that’ s on the computer website that you go to?

Y eah.

Got it, sure. So, do you feel like there are other electronics that you're
good at using at home? Things like TVsor DVD players...

Yeah. I’m good at using practically any electronics.

Cool, | see. What sort of other devices do you use at home? Do you have
aphone? Do you haveaniPodor...

No.

| see. Do you have an iPad or another tablet at home also?

No. My mom has the iPhone 6 and my dad has the iPhone 5 and we have
like three computers. They all work slow so | asked my mom and dad if |
could have one, because | like looking up stuff, so they said...I don’t
know what their answer isyet. [laughs]

Sure, they’re thinking it over.

Y eah.

| see, great. So you mentioned Educreations, do you like using your iPad
for math?

Y eah.

So then, how do you use it for math usually?

| just do the games | like to do, and stuff like that.

Ok, then. What games do you like to do on it now?

Splash Math | used to, Wings | used to.

And that was Splash Math second grade?

Y eah.

But you finished it, isthat right?

No, when | was one of the few that actually, | was supposed to get Splash
Math for third grade, but we just forgot about it.

Oh, huh—we'll haveto try to remember that. It’'s sort of hard to get it on
the iPad, installed and so [your teacher] may have forgotten about that.

Y eah.

Ok. So you used that, you used Wings you said. Y ou probably finished
Addimals along time ago, huh?

Y eah, it was the first one.

| see. | guessyou use Educreations to do math too alittle bit.

Yeah. A little bit for me.

It's not agame, right? And do you ever do math without it? Without the
iPad?

Y eah.

So that’ s just when you’ re using a pencil and paper?
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Y eah, that’s my favorite, is pencil and paper.

Ah, it's still your favorite? | was curiousto seeif still likeit. Good. So
do you think math is fun, or are you just good at it?

Fun.

It'sfun? Nice. Isitinteresting to you, or islike agame? I'm just trying
to think, what makes it fun to you?

Uh, | was born with a math minded brain, because my Papa was a teacher
and really good at math, and my grandmawas a teacher, she wasreally
good at math. My dadisaCPA...

Ok. So you think from all of this you came away with a math brain, huh?
Y eah. [laughs]

That's possible, | wouldn't be surprised. So | know that you said you're
getting sort of bored, do you feel like you work very hard in math class?
Sometimes | work really hard and sometimes | don'’t.

Sure. It just depends on the problem?

Y eah.

Great. So when you're working on areally hard question...can you think
of one you've had lately that was really hard?

[pauises]

That one we worked on last week was alittle tricky. Remember the one
with the buses?

Oh yeah!

The one with al the legs and stuff?

Probably thetimesone | did. But I got thinking really well and I, because
| know what 18 times 18 is, and | know what 100 times 100 is, so that was
easy. Breaking it up madeit easy, alittle.

Y eah, so thinking about that one—that was hard question. How did
you...do you remember anything about what you were thinking? How did
you answer it?

| knew the two and | combined them.

Ok. So you knew the two smaller things and then put them together?

Y eah.

Isthat pretty much what you normally do when you have a hard question,
do you think?

Yeah. Sohow I liketodoitis| liketo memorize every single problem |
do.

Oh, wow.

| try to, at least. And | keep them in my brain and then | can use them for
other times.

Interesting. That'sreally impressive. | likeit. Was there anything else
that you were thinking or that | made you think about or that | didn’t
mention?

No.

WEell great, thanks Ethan. | think that’s everything | needed. That was
really interesting. I'll have to think some more about some of that.

Y eah.
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So again, it’' sthe same as last time, no right or wrong answers, just say
whatever you think and that’sfine. So, Sophia, my first question isjust,
do you like math class?

Yes.

You do? Andwhy do you like it?

Because | just like doing math.

Oh, you like doing math, ok. And do you feel like you're pretty good at
math?

Kind of.

Ok, sure. Are there other things that you think you' re better at than math?
Um, reading.

Reading? Ok, so you think you're better at reading. Are there things that
you think you’ re worse at than math? Thingsthat are alot harder for you
than math?

Nothing.

Nothing? So like, writing, science, math is probably harder than all those?
[nods affirmative].

Ok, alright. And so, inyour guys' class you do have iPads. Do you feel
like you're pretty good at using your iPad? Areyou able to figure out
gameson it?

[nods affirmative].

Ok, yeah. And do you ever haveto like, change the settings or try to fix it
when something hangs up on it?

[shakes head no].

Oh, ok, so you're lucky. So your iPad...

Well, sometimes. Onetime my iPad glitched alittle bit.

What did you have to do to fix it?

| had to turn it off.

Ok.

Except it still doesn’t work, so | can’'t go on that anymore.

Oh. What isit that’s not working, or do you know?

Um, it'son Splash Math. Three digit addition.

Oh, and it’skind of hung up on it, sowhenyou goinit...

| can’t, and it just stays there for along time.

Ok, alright. That’sgood to know. | might take alook and we can see if
we can fix it maybe. Great. So do you use the computersin [your
teacher’s] class very much?

[shakes head no].

Ok. And at home, are there electronic things that you use there? Do you
have any tablets or iPads?

| have an iPad.

You have an iPad at home? Ok, | see. Anything else that you use, like a
TV or aDVD player?
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TV.

What else? What are other things like that that you use at home?

DS.

Oooh, aDS, aNintendo DS, sure. And do you feel pretty good at using
those at home?

Mmmhmm [affirmative].

Do you think that, are you like the person in your family where when your
mom’ s trying to figure out how to hook something up, does she ask you
for help on it?

[shakes head no].

Ok, not yet. Who isthat person in your family?

My dad.

Oh, he' s the one who gets everything all hooked up?

Sometimes, but normally it's my mom who’s getting us stuff.

| see. Good. And do you like using your iPad for math?

[nods affirmative].

And what sort of stuff do you do on it when you'’ re doing math?

I’m not really sure.

That's ahard question, yeah. So when [your teacher], let’s sort of think,
when you're in math class, [your teacher] says take out your iPads, she
usually has you do, like what sorts of things?

[pauses].

Y ou can play your math apps?

[nods affirmative].

What are some of the math apps that you’ ve been using lately?

Splash Math. Wings.

Splash Math, Wings. What else?

Sail through Math.

What was that?

Sail through Math.

Sail through Math? Oh, | don’'t know that one. What isit like?

There’ s a ship and then the questions come at you kind of quick so you
have to answer them quickly.

What sort of questions are they?

There’' s multiplication, subtraction, addition and division, | think.

Oh, | see. Soyou'relike, sailing the ship and it sayslike, five times
seven, or something?

| haven't gone on the timesyet. 1I’m not good at times [laughs].

| was wondering, that’s pretty hard. Alright, cool. Do you also ever use
Educreations for math?

[nods affirmative].

Ok, where you're just drawing it, like awhiteboard kind of, right? And so
when you' re no using the iPad for math, how are you usually doing math
then?

Paper and pencil.
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Ok. So that’s how you do, paper and pencil. And which do you like
better? TheiPad or paper and pencil?

Paper and pencil.

Redly? And why do you like that better?

I’m not sure.

Oh, just more, isit just more fun do you think, or more...

Umm...I"m not sure.

Ok, no worries. Sometimes | kind of like paper and pencil because the
iPad can be sort of distracting, like there’ salot of stuff going on, you
know? Sometimes paper and pencil iskind of quieter. That’'s areason
some people like it, but see some people like the iPad because there's
more stuff going on, they get bored with paper and pencil. But you don’t
get bored with paper and pencil you don’t think?

[shakes head no].

Ok, cool. And that’s good, you might have areally good imagination. Do
you think you do have a pretty good imagination?

[nods affirmative].

Ok. That could be part of it. So you mentioned you think math classis
fun, but what about math makesiit fun, do you think?

Um, I’'m not sure.

That's hard, right? So when you’ re doing math, like wheniisit fun? Isit
fun the whol e time when you’ re working on a problem?

[nods affirmative].

Itis? Soit’sfun just to think about it, you think?

[nods affirmative].

Ok. And so how about when you finish a problem? How do you feel
then?

Um...good.

Good? Ok, so you feel good that you finished it. What about when you're
working a problem, and it’ sreally hard and you haven’t been able to finish
it?

| go on to the next one.

Ohrealy? Ok. Areyou worried about that problem?

Sometimes, depends.

Ok, sometimes, are you just sort of like “Oh well, didn’t get it” and then
move on?

[nods affirmative].

Ok. So, talking about working hard on problems, do you feel like you
have to work hard in math class pretty often?

Sometimes.

Sometimes, ok. And when you' re working on a hard problem, can you
think back to a hard math problem you’ ve had lately?

Um...[shakes head no].

Y eah, it’'s hard to remember, right? So, can you imagine, because you
have a good imagination, can you imagine a hard math problem?

um...
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Y ou don’t have to think of the numbers, just imagine you’ re working on a
really hard math problem, right now. What sort of things do you do to try
and solveit?

[pauises].

Hmm....so what would a hard one be...maybe it would help if we thought
of one...

9times 3.

Ooh, there you go, that’'s a hard problem. Ok, soif you had to try to figure
that out, what sort of things would you do to try and figure it out?
Because if you don’'t just know it, then...

I’d draw it out.

Draw it out, ok, sure. So you could draw out nine three times or
something like that maybe, and see what you see, and count?

[nods affirmative].

So that’s a good thing, you could draw it out. Do you ever sometimes
think back to easier problems that you’ ve done?

[shakes head no].

Not really? Ok, good. Well, Sophia, that’s everything | had to ask, is
there anything | made you think about, or that you wanted to say?

[shakes head no].

Well thanks alot, that was just great, | appreciate it.
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Alright, so | guess my first question, Isabella, would be, do you like math
class?

Uh, sort of .

Sort of, | see. Do you fedl like you like it more than you used to or less
than you used to?

Uh, more.

More than you used to? Good. Why?

Because we get to used colored pencils and markers and crayons.

Ok, so you have more waysto draw now? Surel see. Do you feel like
you’re good at math?

Y eah.

Do you fedl like you’ ve gotten better or...

Yes.

Are there other subjects that you think you' re better at than math?
[pauses]. | don’t know.

So like, reading and writing...are those harder for you than math, do you
think?

Easer.

Easier. | see, that’s good to know. So you think reading and writingisa
little easier than math alot of times?

Mmmhmm [affirmative].

Great. So theiPads that you guys usein class, do you fedl like you're
good at using your iPad?

Mmmhmm [affirmative].

You do. What about other things, do you use the computersin the
classroom there very much?

No.

Sure. Are there other things at home that you feel pretty good about using,
other electronics, like DVD players, or computers at home?

My tv, my computer and my dvd player.

| see. Soyou fedl pretty good on those? Y ou have acomputer, isit a
laptop or a desktop?

We haveit at adesk, by the front door.

And do you have anything else that you use, like atablet?

A mini iPad.

Oh, an iPad mini. And do you use that or do you share it with your
brother and sister?

My two older sisters have an iPhone and my other sisters have an iPad.
My little brother has a Leapfrog, so he never asksfor it.

| see. So he hasaleapfrog then you said? Alright, that makes sense. As
far asthe iPad mini at home, do you use it the same way you use the one
in class?

Mmmhmm [affirmative].
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Do you have some of the same apps downloaded on it then?

Mmmhmm [affirmative].

You do? That'sgreat. Do you like using your iPad in class for math?
Mmmhmm [affirmative].

You do? And how do you use it for math?

Uh, we use Educreations to do math problems and it’s fun to me to also go
on math apps.

So what sort of math apps do you use?

Splash Math and Wings. And Sushi Monster.

Right, | like Sushi Monster. Do you like using it for math?

Mmmhmm [affirmative].

Do you aso do math without the iPad?

Y eah.

And how do you do that normally?

With pencil and paper.

Oh sure, just traditional pencil and paper? Which do you like better? On
the iPad or with pencil and paper?

Uh....iPad.

Ok, why?

Because, sometimes when | write with the pencil, it gives me blisters.

| see. So you get blisters when you write with the pencil too much, but the
iPad screen, you can just...

Touch onit.

Just tap it and touch and it doesn’t hurt your fingers. Ok, good to know.
So do you think math is fun?

Sort of.

Sort of ? Ok. What do you think is fun about it and what do you think is
not fun about it?

[pauses]. | think the fun part is that you get to use your iPad and you get
to color withit.

| see.

And the not fun part is that sometimes it takes you along time.

It takes along time to solve a problem, you mean?

Sometimes.

| see. Soif it’sahard problem that you' re thinking about. Do you feel
like you have to work pretty hard in math class usually?

Uh, not really.

Ok, | see. Soyou fed like you don’'t have to work too hard, but can you
think of, if you think back, can you think of a hard math problem that
you've had lately?

No.

Ok. So maybe we could just imagine. Imagine that you have a hard math
problem. What sort of things do you do to figure it out?

Uh, | draw it out. Like, if it was subtraction, I'd try and subtract it without
messing up.
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Ok, soif it was a hard subtraction problem, you could draw it out. Do you
mean, like aquick draw?

Uh, | doitin my head, and then | do the ungroup first method.

Oh, the ungroup first method, where you scratch it out and draw one...
Mmmhmm [affirmative].

Great, so you like that method now to do it?

[nods].

Alright. Well, was there anything else I sabella that you thought of while
we were talking?

No.

Nothing elsethat | didn’t ask or that you wanted to say?

No.

Great. Thanks, that was really interesting.
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So thisisjust like last time, there’ s no right or wrong answers, you can say
whatever comes to your mind, ok?

Ok.

My first question isjust, do you like math class?

Yes.

You do? Why?

Because | like doing proof drawings and like whenever you do them like,
like 200 minus 45 [drawing with finger on table] you would make a box,
you would make two boxes right there and that meansit’s a hundred and
you make ten sticks, like probably two ten...wait, no. | forgot. | thought
that because we're learning a new method.

Oh, you are. So what’s the new method you' re learning?

Well, | don’t think it’s new, | think it’s old, we used to do it but now we
don't, it'sjust likeif | did 150 minus like 21 equals, and then | would do
one box and that means a hundred, like | told you, and then | put five tens
[gesturing drawing tens], one, two, three, four, five. Andthen | haveto
take out one and then | make anew ten and then | put ten circles, then |
cross out like one circle, then | cross out the box, then you gotta add
another one, that makes ten sticks.

Oh, so you can break the box up into ten sticks.

Yep.

And the ten sticksinto ones. And then subtract whatever you need to?

Y eah.

Awesome. So Emma, do you feel like you're pretty good at math?
[hesitates]. Mmm...yeah.

Yeah? Well it's sometimes hard to compare. Are there things that you
think you're better at than math?

| like reading, like library is my favorite thing to do.

| see.

And | like gym and music. | like playing instruments.

Oh, what do you play?

Sometimes | play like, other different kind of instruments, like drums or
like...or you know those things like you hold onto the sticks and then
you...| don't know what they’re called, but it has...

| do, I know what you' re talking...a xylophone?

Yeah, yeah. I'mreally good at them.

Cool. Do you think, or isthere anything you can think of that is harder
than math?

Um...hmmm. [pauses|. What did you say?

Anything that’s harder than math?

It's hard to write a skateboard.

Ok, but nothing in school that’s harder than math?

Y eah.
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Ok. Now you guys have iPadsin your classroom, do you feel like you're
pretty good at using your iPad?

Y eah, we keep care of them, we always clean the screen when likeif it's
like dirty with crumbs all over it, you can just clean it with the rag.

And do you feel like you can use it pretty well to find apps and to play
games?

Yeah. |'velearned some new apps, like my friend showed me and, it's
about this game that you, you' re supposed to count. And if it saysto the
two hundred, you' re supposed to do that and it goes to the two hundreds?
[gestures a pinch]

So you pull your fingers together?

Y eah and then you do thisand try to find it and then you just pop the
bubble and just move right there.

Oh, you swipe your finger and pop the bubble. Isthat Zoom? |Isthat what
it is, the name of that game?

Y eah.

That's Zoom, ok. So do you ever use the computers in your classroom
much?

Y eah, | use them like sometimes every day, like we use, we don’t really
use them for math or anything. We just use them for like when it's Walk
to Read, | use them after | group and it shows, it’s called, it’slike this
thing that you read books on there? And then you have the answer like
guestions on there, but you do what you learned.

So even thinking about it at home, what sort of electronics do you have at
home that you use?

| use my video cam.

Oh, you have avideo camera?

Mmmhmm [affirmative]. My dad’ s thinking about getting athree, a
Playstation 3, because we have a Playstation 2 and he really wants one.
And do you use that very much? Or does he play on it mostly?

No, my dad doesn’t really like it so much. But helikesit, but he doesn’t
play it so much. Like whenever | get home, my mom gives me a snack
and then she says, do you want to go on your video game or just like, do
math first? Sowhen | haveto do that, | said I’m going to do math first.
Nice, so you do math first do you?

So | don't have to do it after dinner. | don't like doing math then.

That makes sense. So you do that, do you use likea TV or aDVD player
much?

WEell, we don’t really use DVD players at my house, we only use VHS.
We had one before but then | have no ideawhere it went. | don’t know if
it broke...

Do you fed like....so are you the person that they kind of go to to help
figure things out on that, or are you pretty good at it, or do you always
have to get help when you want to watch something?

No, I'mreally good at it, it's just sometimes the CDs don’'t work and then,
like I think my dad’s magic, so he cleansthe CD...
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And gets them to work?

Yeah. That'swhat | think.

Ok, nice. Soin math class, you use your iPad for math pretty often, it
sounds like with different apps and things?

Y eah, like reading.

| see. When you' re doing math on it, what are some of the apps that
you're using for math?

S0, | use Addimals, Math Bingo, Zoom, [pauses|, what else...

Addimals, Math Bingo, Zoom...

| know this one but it’slike this Pirate one, it’s called Fast Math, you
like...

It's the one with the ship or something, right?

Yeah! | know that one. And there’'s one that timesyou, like it times you
and then you pressit, and then it’s like this timer game, like you can put it
on atime. Likeif you do it one minute, you haveto do it.

Oh, so you get to choose how long you want to do it?

Yeah, | think.

Like the minutes and things?

Y eah.

| see. And then it counts down while you're doing it?

Yeah. Sol haveto go redly fast.

| see. So how do you do math without the i Pad?

Well, without the iPad sometimes people their iPads taken away, and they
have to do it on the board, like, so pretend there’ s a board right here...
Oh, like awhiteboard?

Yeah. A whiteboard, and you grab a sock and a marker and then you
could like, the teacher tells a problem to you and then you write a problem
down and then do the proof drawing.

| see. So you can use awhiteboard. Y ou can aso just use pencil and
paper, | suppose?

Yeah. It'skind of hard with the pencil, so it'skind of hard to draw circles.
Because when you use a marker, you can just put adot, dot, dot.

And the same thing on the iPad, right?

Y eah.

On Educreations you can just tap and make a dot.

Y eah, you don’'t haveto like, circle, circle, circle, but on our pencils, we
have to.

Sure, that makes sense. So which do you like doing math on more? Do
you like doing math on the iPad or the whiteboard or the pencil and paper?
Weéll, | kind of like on the iPad.

Nice. And why do you like it more on there do you think?

Because you don’'t have to have a pencil and write onit. So you don’t
have to do that and you can just tap onit.

| see. And do you feel, do you do much drawing with the pencil or with
an iPad?

Wéll, | like drawing, it's my favorite thing.
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Sure. So you like drawing with like colored pencils or markers and
things?

Y eah, my dad said he' s gonna sign me up for something, | have no idea
what it is.

| see. Do you think you're pretty good at drawing? See, I’ve aways
enjoyed drawing, but | know I’'m really bad at it, and I’m the only person
that likes my drawings. Do you think you're a pretty good artist?

My dad is, and he' strying to teach me how to like, put a cover on your
painting.

| see.

And then like when, you have to let it dry for a sec, for like five minutes
or so. And then you could like make something, like if you were, like my
dad can make humans like really good humans. I’'m really good at making
flowersin apainting. So | make flowers.

Ok, that’s good to know. So you make flowers with a brush?

Yeah, | do that and stuff.

Ok. So thinking back to math, do you think math classis fun then?

Uh, it’sfun.

And what makes it fun to you?

| like doing like, making like, | just, when sometimes, when you're al
done, the teacher gives you a hard math, really hard math, like athird
grader. And then wedo it.

Got it. So she'll give you those, and you like it whenever you get to do
those?

And sometimes, she says you can make up your own one, and then | said,
onetimel did it and | said 2000 minus 200 [laughs].

Did you figureit out?

[nods head yes].

It was hard, huh?

Yeah. | waslike, I'm confused. But | figured it out.

| see. But that feels good to figure out the hard ones, you think?

Yeah. Like, oneplusoneistwo. And my mom said you should like, if
you do one plus one, one plus one....wait, one plus one equal two and then
you could just keep adding it and then you know like, | know eight plus
eight is sixteen.

Oh, | see. So you can learn those small ones and get up to bigger ones?
Yeah. Likethat.

And so, do you feel like you have to work pretty hard in math class?

Y eah.

You do? And when you're working on a hard question, what are some of
the things that you do to figure it out?

WEell, how I figureit out islike, | like doing proof drawings, but
sometimes, like if it'saplusone or aminus, | could just say like ninety
plus [pauses]...

90 plus...

Ninety. | could do...
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90+90? Ok we could do that.

Yeah. Andthen | say, zero plus zero iszero. And nine plus nine
is...[whispering to herself and using fingers], nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen. Eighteen, so
that’s one hundred and eighty.

Oh, | see. Soyou can just write 18, but you know redlly it’s a hundred and
eighty, isthe answer?

Y eah.

Ok, good. So you can kind of get sometricks like that and use the little
things you know to solve the big ones?

Y eah.

Ok, great. WEell, that sounds good to me, Emma. That was all the
guestions | had, is there anything | made you think about or that you
wanted to say that you didn’t get a chance to?

Well [pauses]. | like reading chapter books, is my thing.

Really? You like reading chapter books?

Y eah, because I'm areally avid reader, like if you gave me a book | would
read it.

What was the first chapter book you read?

It was like...it's over here, it's called Magic Buddy.

Ok, and that was the first one you read, huh?

Yep. And my teacher said, | think | should sound out the words and
then...but my dad says you just should sound out the words but if it
doesn’t make sense you should skip on and when you're all done with the
story you can just figure out what it means.

That’swhat | do. Or you can kind of look in the sentence and see what
word sort of makes sense there?

Or you could get a book that’ s the same word, or you ask your parents
what it was.

Sometimes, alot of times, you can figure out what a word means without
actually know it.

Y eah.

Cool, aright, well thanks alot, Emma.
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Even if you remember what you said last time, you can say it again or you
can say whatever comes to mind.

Ok.

No right or wrong. So, first question isjust this, do you like math class?
Yes.

You do? Andwhy?

Because you get to learn alot about, what’ s that and what’ s that.

Ok.

And you know, then when somebody asks you, “I forgot, can you help me
with this answer”, you can show them a proof drawing, you can help them,
you can say “24, I’ve had this problem in my class, so | can help alot”.
But then when they say, and they could also say “hey dad, isthisright”
and you'll have to check it.

Ok, that’s cool. And so do you feel like you're pretty good at math then?
Mmmhmm [affirmative].

Ok. Good. | guessit’sgood to compare though. Do you think there’s
other subjects that you’ re better at than math?

[pauises].

Like reading or writing or science...

Um, not really anything unless | do science out of a book.

S0, science out the book, you think...

Y eah, because we have a science book at our house. We wanted to try
something but our mom won'’t let us because it involves an egg and the
microwave.

Oh, soit’slike a science experiment book? That’scool. So you feel like
reading or writing is harder than math?

Reading and writing...reading is kind of hard and writing is kind of hard,
so I’'m kind of good at each.

Got you. So you guys have iPadsin your class, do you feel like you're
pretty good at using your iPad?

Mmmhmm [affirmative]. | know games, everywhere, then if somebody
needs help | can just show them, or if they can’t find it, | just swipe two
fingersdown it, and then it’s just like that.

Ok, so you can swipe down two fingers and find the app?

Y eah, you just shows a search, so you just type in one letter and it will
show some games, so you have to keep searching until you find.

Got it. And do you use the computersin your classroom also very much
for math?

Y es, we use them for our Walk to Read, and we use them for Weird, and
for...that’s pretty much.

And what’s Weird?

It's where we do independent silent reading. We have beanbags so you
can sit on there, we al take turns with jobs and stuff, right now I'm on the
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bean bags, for like reading. And before | do reading, but today reading
group got cancelled, because | have library. And so we had this reading
group after lunch. So, that we do.

So it sounds like you do reading on the computer, do you ever do much
math on the computer that you can think of ?

Not, | don't really know because | don’t on Walk to Read, just once when
our Walk to Read got cancelled.

Ok. So what other things like that do you use at home? Other electronics.
Do you have an iPad or a computer at homeor...

No, | don’'t have aiPad or a computer, well, we used to but we broke it on
accident, we have some computers at home. And we also have DS's,

we' ve got iPhone touches, so yeah.

Do you useaDVD player or aTV much?

Y eah, we use the TV downstairs, there' s going to be one in our new room
that we're getting. Because we wanted to redo our room, so we had to
take stuff apart and stuff like that, so right now we're still working on our
room, my dad has lied to us twice.

So when you have to take that stuff apart and hook it back together, like
TVsand DVD players and things...

We didn't have a TV when we first got up there, so right now they’re
putting cabinets, and then in between the cabinets are going to be one TV.
| see.

And then we're going to have beanbags and chairs...

In the room?

Y eah, wherethe TV’sgoing to be. You got abed, whoever, we did rock
paper scissors because one of us each thought over who would want their
bed right on, nearest to the toy bin, where they’ re going to go, so we each
wanted it, so we had to do rock paper scissors two rounds. | won.

Nice, that’s lucky.

And then one time we went to the circus, me and [my brother] got bored
because we were waiting and waiting because sometimesit’ll like take
breaks, so we were like rock paper scissors, and that was at church or
somewhere else, we kept doing rock paper scissors. Likewedid a
hundred times and the 101th time one of us would win.

Ok, soyou did it alot of times and were you keeping count of how many
times each one of you won?

No.

Oh, you just did it 100 times and then the last one was for everybody?
We just did rounds and whoever won.

Ok. So thinking back to your iPads and math class, do you like doing
math on your iPad?

Yes.

Ok. When you're using it for math what sort of things are you doing on
it?

Math apps, like Bingo, Math Bingo. We have this other game | forgot its
name, like...
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Addimals?

Addimals, yeah. And it'swhere you have all kinds of animals. So you
have to use one of the animals and swipe....

So you use one of those animals to swipe?

And use your math, then you go against this evil person, I'm amost done
with it, so yeah, then you go against this evil person with arobot, every
answer you get right, if you get it right before it actually cuts half of the
chain, you'll getit gold. If you don't get it intime, it cuts each chain.
You get it wrong and it’s red and you add it to your puzzle. And then you
aso...

So on that one, when you have to get it right before it hits the chain, how
do you solve it whenever you...

So this like, math line, with numbers. I’m up to fifteens, so you have to
hurry up and get it. [...] actually, akidin our class, shegoes“1, 2, 3, 4,
5" and then swipes, but | think it’s easier to just tap and then lift because
then you have more time instead of just going.

| see. So when you're figuring out the answer, do you just know it in your
head, or do you have to solve it very quickly?

You haveto solveit really quick. | sometimes have to use my fingers and
| makeit in time barely.

Oh, just barely get it in?

Yeah. It waslike, oneinch.

Wow, awesome. Were you going to say, there were other things that you
do math on on the iPad?

There' s other math games, but | forgot their names.

No worries.

Like Wings, Zoom ...

What about Educreations, do you use that for math?

Sometimes, we use it for like drawing problems. But Geoboard is like
more of afree choice, because it has rubber bands, but you can use it for
math, just make the rubber bands into the letters, like on a clock it would
be like that, you could just go [gestures radial arms of a clock] for afive.
To show the time?

Mmmhmm [affirmative].

Sure, that makes sense. Then, but you don’t always do math on the iPad,
right? So how else do you do it?

We also, do it on our boards, we sometimes do it on paper.

Sure, on paper. So which do you like better, do you like doing it on the
boards, or the paper or the iPad best?

| don't really care.

Could you do it on any of them you think?

Mmmhmm [affirmative].

Ok, that’s good to know. Do you think math is fun, then?

Itislots of fun.

| see. Andwhy? What makesit fun to you?
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Because you get to meet people on the first day of school, because you all
like, you know their names because [the teacher] calls their names, you get
to know people, because that’s why on math you also get to learn alot and
help friends and it’ s really nice to help people.

Ok, yeah. So when you’ re working on a problem, do you find you enjoy it
and think it’s fun, even when you’ re working on it?

Y eah.

And what about when you get it right?

| don't really care.

Do you feel different?

| don't really careif | get it right, but our mom wants my brother and me
to get A plusesalot, so yeah.

| see, soyou try to. But if you get it wrong, then you don't, it’s just kind
of like“well, ok, I got it wrong”, like that?

Like, right now she doesn’t really grade us. In third grade you get to A
pluses, F plusisnot agood one. | mean, it's like Fail.

| see. That’strue, it’snot, isit? So do you fedl like you have to work
pretty hard in math class?

Y es, you have to work, because on the iPad you really gottawork fast. |
mean, because right now when I'm in there | knew what, because I’ ve
learned so much, about proof drawingsin first second and not third yet.
Because I'm not in third yet.

Ok.

Um, I’ve got called 4™ grader, because I'm so tall...

| could seethat. So you were saying it’s hard because with the iPad you
haveto go fast...

Mmmhmm [affirmative].

But then you know how to do proof drawings...so isit because you're
trying to do a proof drawing, but you don’t have time?

On the iPad you can’t do proof drawings, unless you're like on Geoboard.
Or, Educreations?

Y eah. Because on the apps you don't timeto do it in your head and you
don’t know what’ s going to come next.

| see. So how do you doit? Do you just guess?

Sometimes, on some games if you still add and doesn’t make sense to you,
you kind of haveto guess. Or, sometimes on Zoom though, it has this
help thing so you just tap on it and it says, “yes’” and you hit yesif you
need help, so take it to you and then you just have to pop the bubble.

Ok. Now if you think back to when you were working on a hard math
guestion last, when you’ re working on a hard math question, what sort of
things do you do to figure it out?

[pauses].

Y ou mentioned you do your fingers sometimes?

Yeah, | use my fingers sometimes, proof drawings sometimes, but on the
iPad you have to think it in your head.
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Think it in your head, ok. And when you' re solving that and figuring it
out...

Sometimes on Wings | just hit pause, and then | can actually think.

And then what do you do, do you just sort of sit and think about it?

Y eah, because you can see the things before you hit it. Or you can, if
you're about to like done, off and there’s no more, and you can’t see the
circlesyou can actually just like ditch, just turn so hard that the wing just
goes up and skips the problem.

Oh, | didn’t know you could do that.

Y eah.

That’ s kind of anicelittletrick.

Aslong asit doesn't flap, otherwise it hits.

Got you. That'stricky. But even with a pencil and paper, so you can
draw it out and things like that, do you ever have to think back to
problems that you did before?

Mmmhmm [affirmative].

And how does that work?

| keep alot of problemsin my head, and then if | want to finish a story on
something | haveto put it in my head or put it on the paper. Or sometimes
| just put it on a sheet of paper, the answers on Addimals, because you
have to work fast.

So that way, you can have your paper and use it?

And to actually put the same answers that you' re just working on
practicing. But it’skind of like cheating.

| see, because you've got it beside you when you're playing it.

I’ll either just do one problem, | only do one because otherwiseit’s
cheating, the whole game.

| see, that makes sense.

Then you don’t want to cheat, because you don’t really get your math
done.

Ok. WEéll, Aiden, was there anything else that | made you think about, or
that you wanted to say and didn’t get a chance to?

No.

That was really great, thank you. You're getting good at talking about
math.

257



Intensive & Strategic Student 3—Noah —Interview 2

Researcher:

Student:
Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:

Student:
Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:
Student:
Researcher:

Student:
Researcher:

Student:
Researcher:
Student:
Researcher:

Student:
Researcher:
Student:
Researcher:
Student:

So there' s not any right or wrong answer to any of these questions, it’sjust
whatever you think. So you can talk about whatever comes to mind, ok?
My first question, Noah, would be, do you like math class?

[nods affirmative].

You do? Why? Do you fedl like you're good at math?

It's fun.

It'sfun, ok. Do you feel there are other things you’ re better at than math?
[shakes head no].

No?

Drawing.

So you're better at drawing than you are at math?

[nods affirmative].

What about things like reading or writing, that sort of thing? Are they
harder than math to you?

[nods affirmative].

| see. Good. | noticed you guys have iPadsin your classes, do you feel
like you're pretty good at using it so far?

[nods affirmative].

Isthisyour first time ever using it in school ?

[nods affirmative].

Itis?

Using an iPad at school.

What did you use before?

iPods. At Big Pine. iPods.

Oh, at Big Pine. So they had iPod touches?

Just iPods.

Just for music and stuff like that?

Weéll, it had games on it.

Oh, ok. Had gamesonit. Sure. Werethey using it in classthen, for like
math class?

No. Wejust used in like spelling and stuff.

Oh, to do your spelling and stuff. Do you use the computersin the
classroom much here?

[nods affirmative].

What other electronics do you feel like you're good at using?

Like my phone.

Oh, so you have aphone? And you're good with that. Other stuff at
home, like advd player, atv and stuff like that?

TV, DVD player.

So like gaming, like an Xbox or stuff like that?

| have a Wii, but it’s not set up yet.

A Wii? Butit’'snot set up.

We have to buy a cord or something for it.
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Oh, | see. Do you feel pretty confident on setting that sort of stuff up
usually?

[nods affirmative].

| see, good. So do you like using the iPad for math in class?

[nods affirmative].

Yes, ok. So, how do you use it for math?

Hmmm.

So, you're using it for math, but do you just play games on it?

Y ou can play math games and reading games.

Sure. There's also another app I’ ve noticed called Educreations, have you
seen that, where it’ s like the whiteboard and you can draw on it? Have
you used that for math yet?

No.

You haven't. Ok, cool. You can also useit for math too, I’ ve seen that
before, where you can just sort of draw math problems on it. So what sort
of apps have you been using for math, then?

| don’t really know any of the games.

Ok, noworries. There'safew | guess|’ve seen. Addimals, have you
played that yet?

[shakes head no].

Wings?

[shakes head no].

Splash Math, have you played that yet?

[shakes head no].

No, you haven't played that yet? Counting Money? Did you do that one
on there?

[shakes head no].

I’m not sure if we gtill have it or not.

We do.

Sushi Monster?

Y eah.

Y ou’ ve done Sushi Monster. Ok, that’s all | can think of offhand. Oh,
Math Bingo?

Mmmhmm [affirmative].

Y ou played that one too? Ok. Do you do math without the iPad then,
also?

[nods affirmative].

And how do you do that normally?

Get a board and just write down the problem.

Ok, so get awhiteboard and write it down. Do you do it with pencil and
paper too, pretty often?

[nods affirmative].

And which do you like better, math on the iPad or math just on a
whiteboard or pencil and paper?

Math on an iPad and whiteboard.

Ok, so iPad and whiteboard are your two favorites?
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[nods affirmative].

Ok, so why do you like those better?

[pauses].

Isit more fun to draw stuff than it is with a pencil?

Mmmhmm. [affirmative]

Ok. I see. Now, just thinking about math, do you think that math is fun
usually?

[nods affirmative].

What makes it fun though? What’s fun about it to you?

That sometimes you can write down your own problems.

Sometimes you can write down your own problems, ok. Yeah, that iskind
of fun to be able to do that. Doesit feel good when you get a problem
right, or you figure something out?

[nods affirmative].

Ok. Doyou fed like you have to work pretty hard in math class?

[nods affirmative].

You do? Isit satisfying to you when you work hard on a problem and get
it?

[nods affirmative].

What doesit feel like when you' re working hard on one and you still can’'t
figureit out?

[pauses].

That'sahard question, isn’t it? Well, let’s think about that. Can you
remember a hard math problem that you worked on recently?

[pauises].

Hmmm...I’m trying to think of something, where the last time you had to
work hard...

[pauises].

And maybe just think back, have you ever had a problem where you had
to work really hard to figure out?

[nods affirmative].

And when you' re doing that, how do you think about it to answer it?
[pauises].

What do you do in your brain to have to figure things out?

[pauises].

Are there techniquesthat you ...

Mmmhmm [affirmative].

What sort of things do you do?

Use my brain sometimes.

Y ou what?

Do it in my head sometimes.

Do it in your head sometimes, ok. And when you do it in your head, do
you just remember what you did before?

Mmmhmm [affirmative].

Alright. Isthere anything else that you do sometimes? What about when
you can’'t do it in your head?
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Write it down on a piece of paper.

Ok, write it down. Well, is there anything else you can think of that you
do when you’' re working on a hard problem?

[shakes head no].

No? Ok. That'sall the questions| had, was there anything that | made
you think about or that you wanted to say that you didn’t get a chance to?
[shakes head no].

Great, Noah, thanks alot.
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A lot of this, asfar as your history teaching math, we don’'t have to, that
hasn’t changed.

That hasn’t changed [laughs].

Sowewon't beaslong. | guessfirst off, personally, like yourself asa
student, how confident in math were you?

Asastudent? Good. Math was like my best subject, and | loved it, yeah.
And do you still feel that way?

| love teaching math.

Ok.

| guess | have just always enjoyed math, and so, yeah, it’s just something |
really enjoy.

Ok. Soyou fedl confident teaching it then?

Y eah.

Are there other subjects that, as a student, you were better or worse at than
math?

Probably, as a student, math and reading were my best subjects. Probably
the one that | liked the least was the hardest was writing.

OK. That’s not uncommon.

Y eah.

Do you fedl, as ateacher, how does that play out? Are there some subjects
you feel like you're a stronger teacher at than others?

| think probably reading and math I’ m better at. And | think with the new
curriculum, | think it’s easier to teach than the old way where we just, kids
were kind of taught there was one way to do things, | think with Math
Expressions and you teach the kids a number of strategies and then they
choose the one that works best for them, | really like that. | do wonder a
little bit about Math Expressions and how developmentally appropriate
some of it is. | think the pacing might be abit much for some 7 and 8
year olds, and that worries me a bit.

Do you think that’s going to change, how is that changing with the
Common Core version?

It's definitely amped up. | notice a difference with the Common Core
aligned Math Expressions that it's amped up alot, and what’ s really got
me thinking about that is, because | work with the strategic and intensive
math students and | know what the third grade curriculum looks like, and
it worries me for them because they just need more repetition and alittle
slower pace. And so many of them have really gained confidence as
mathematicians, and | worry that that going to change. | know, gosh,
years ago | taught 4™ grade, and some of the stuff we teach in 4" grade is
now taught in 2™. And I really do wonder about the development aspect
of al of that.
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That's certainly true, like you say, the students that are having, that will
loseit, that will be able to do it, and then lose it after aday, but then just
need it reinforced for awhile until it sticks.

Y eah.

Y eah, that’shard. And so, next year then, they’ re switching over? Or you
guys are switching over to the Common Core aligned?

We did a couple years ago, yeah.

Oh, | see.

We did a couple years ago, switched to Common Core and we noticed a
big difference.

Ok, so that switch occurred a couple years ago then. So right now, they’re
still kind of, they’re in that.

They’rein the Common Core, yeah.

But at the same time, next year in 3™ grade they' re already on to, | guess
they probably start out with what, multiplying two digit numbers?

They start with multiplication and then | know that another thing that the
3" graders are doing alot of is elapsed time, and that is, that's a challenge.
It'sreally, you really have to have such afirm understanding of telling
time and then you also have to really have your, really strong math
conceptsand it’stricky. Anyway, | think that, | think with Common Core
probably what we' ve seen too is that the gap has become wider. Those
students that are proficient and strong in math, they’re just flying, they're
sailing, doing awesome. And the kids who need more repetition, and who
have some holes, they are, it's much more difficult for them to keep up the
pace.

Ok, so turning over to technology then. So technology at home, DVD
players, TVs, computers, how confident do you feel using it usually?
Pretty confident.

Ok. Areyou the onein your house that takes care of al that stuff?

| will be shortly, currently | have son who's a senior, and he kind of does
everything for us, and we have teased him that we can’t let him go off to
school until he's got me proficient. My husband is not, he is not very tech
savvy, | guessyou would say. Not interested in learning it.

That’sredly the key.

Y eah.

Ok, so are you also confident in the classroom then, using the technol ogy
you have here?

Y eah.

Ok, let’s see, what sort of things do you have. Y ou have computers that
you, are there certain websites that you use or programs that you use?
There are some programs that we use, and | actually use more reading
programs on the desktops and more math, we have more math apps on our
iPad that are individualized and each student has an iPad. And some of
the reading programs are only available on the PCs. So, yeah.

That’s good to know. And you also use the doc cam pretty often, the
whiteboard...
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Yeah. Yeah, and theinterright board all the time, yeah. | likethat, | think
it's captivating.

Ok, that was kind of interesting. So the whiteboard, you feel like that it
catches their attention more than just regular whiteboard.

More, much more. | think, much more. | think it's bigger, | think it's
almost like amovie screen for them. And | don’t know if the light plays
into that aswell and | think it’s....

Because really when you' re writing on it, it's not functionally different
than writing on a whiteboard.

But it does seem to be much more captivating and attention grabbing.
Interesting.

Yeah. Maybe it’sthis generation, they’ re screened.

Maybe so. It'sascreen and you look at a screen or something.

Y eah.

Maybe we just need to put better frames around our whiteboards on the
wall.

Y eah, | think so too. Have alight or something.

Y eah, have alight on it, then just write on it.

Y eah.

Alright, let’s see, where were we. And so, the iPads that you guys have,
do you like using them in math classthen? It soundslikeit.

Y eah, | think the kids are so engaged and they can work at their own pace.
| think, yeah, it'sgreat. | can’t imagine not having them now.

Y eah, they seem to like them pretty, quite alot.

Y eah, they’re so savvy with them too.

Oh really? Soyou mean being ableto...

Use atouch screen, figure out how games work, find out if there’ s little
twists or turns or challenges that they need to meet in order to like build
their nest, they totally figureit out.

Oh, ok, so likein Wings, where they have to do all the weird little things
to...

Y eah.

Ok. Doyou think it affects your teaching then of math?

I think it makes it more fun actually. | think it's, | think to have that go-to
piece, you know just for example, | often useit first thing on some days,
asthe kids are streaming in, and then they’re all getting her at different
times, | give them five or ten minutesto warm up. And | think it
encourages kids to hustle over and get to math, get seated, get rocking and
rolling. And then | also think, for early finishers, it's great because they
have something super engaging math-wise to do, that they enjoy. So yeah,
| think it’s great. | think it makes management really good, easier.

Sure, so getting them transitioned and settled in.

Y ep.

S0, just thinking about interest in math, as a student you enjoyed doing
math, but did you think it was interesting or was it just sort of ...
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| thought it was interesting up to a certain point. | can’t remember if, it
was probably junior geometry, when | probably took that | was sophomore
in high school, and | wasn't really interested in geometry, and | didn’t
really have avery good teacher, and | think my math interest did begin to
wane then abit. But | think ahuge part of it wasthat | didn’t have avery
good teacher.

Ok. Asateacher, then wereyou, did you find it interesting to teach when
you first started? Or hasthat changed over time that you’' ve read of?

To teach math? When | first started, yeah.

Or even just really | guess the subject itself of math, once you’ ve taught it
for awhile, did it affect your interest at all?

No, | don't think it affected my interest, just because I’ ve aways really
liked math and really liked numbers. And every group isalittle different,
you know, their strengths and their weaknesses and how they seeit. And
then, just over the course of my career, I’ve had so many curriculums, so
it's been ever changing and that’ s been pretty interesting too. | think
teaching fourth grade math is more fun than teaching little kids math
because it's more interesting. So | do think that alittle higher grade level
math is alittle more fun.

Ok. Asateacher, more fun to teach it.

Y eah.

So do you find yourself putting in more time to math lessons compared to
other subjects?

Reading is definitely the most, the most preparation, and | think it's
because we have so many reading groups, and so you spend alot of time
preparing materials and differentiating al those materials. The math
workbook we have is fabulous, and so that really cuts down on preparation
time. And so, you know, it is significant planning, but not as much as
reading.

And do you feel like the iPads affect your planning for math lessons?
Maybe alittle bit, just aligning which apps correspond with what you’re
teaching.

Ok, I’ve got you.

Y eah.

So, do you find yourself having to work to integrate them into the lessons,
or isit easy to integrate them, harder to integrate them?

It's become easier as we' ve become more familiar with the apps, yeah.
Alright. | guessthe only other question would be, as far as refreshing
yourself on the material, do you find yourself having to do that much as
the curriculum changes? And how do you do that usually?

Y ou know, | think as the curriculum changes, yeah, | think it redly is
important to stay refreshed. A couplethings I’ ve doneis taken afew of
the DMI courses that the district offered, because those course really have
me working as a math student, and so | think it's good to kind of take
yourself back to doing problem solving and thinking through math and
talking math. And then, just ever changing groups. Thisyear, we're
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particularly having a group that is strategic and intensive learners. |I've
really had to take alook at how | teach and maybe scaling back the
number of strategies that I’ m teaching to kids, so they’re not
overwhelmed. And then constantly staying current with assessment on
what they know and filling that in. And then this group has been
particularly challenging because we' ve had so many kids move in and out.
And so many of the new kids haven’'t had Math Expressions or are
significantly behind in math too, and so just trying to figure out where
their holes are and catching them up as best we can has been, you know, a
challenge and takes assessing and just finding out how you're going to
reach those kids.

Do you, do the iPads assist you at al in assessing their knowledge do you
thing?

Y ou know, | really don’t use those as an assessment tool. Y eah.

Great. Well, that’s everything | had, were there any thoughts you had, or
things | made you think about or that you didn’t get to say?

No, | don't think so. | think that one of the things | do have asagoal isto
use some of the iPad apps more as an assessment tool. Y ou know, just not
there yet.

Y eah, no worries, it'salot of work.

Y eah.

Ok, great. Thank you.

Y ou bet.
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Rough day today?

Lately, it'sweird, it cycles. They’re super needy, then it will nicely taper
off and you're like, alright, they’ re getting ready for third grade, then
boom.

| always forget about that—by the time they get to third grade alittle less
needy.

And they are better, but they'rereally needy. But that’s ok.

Some of this, like how long you’ ve been teaching, we' ve already talked
about that. So, how confident with math do you feel usually, yourself?
Personally?

Y es, sorry—personally, like you yourself were doing work on math.

| feel alot more confident now that I’m more mature and have taught math
many years. And | have the foundational, honestly, the skills, because |
think we were just rushed through math so quickly. And taught how to do
the math without the knowledge of the basics of it. Y ou know, kind of
like the algorithms, specifically. So, | think the kids who were lower, like
me, | didn’t think | was a great math student at al, were just kind of
pushed through and rushed through and not given the necessary time to
build that benchmark base....

Sure, base knowledge, or understanding really, | guess.

Yes. | realy feel that. All the way through high school even.

So just always sort of barely holding on...

Barely holding on, but not given the extratime or made to feel like
“you’'re fine, you've got it” just provide some more practice, you know,
modelling—no, never. Yeah.

So, you feel more confident teaching it then?

Yes. Super confident. | think even at the beginning of my teaching career
| felt fine because | was teaching the lower levels, but | think I’'m much
more methodical and | think | have much more background knowledge to
share with them now that | totally understand. And | remember how |
thought—actually sometimes | think it helps me that | was a struggling
mathematician because now | can identify more with them.

That’ s true—so you remember what went wrong for you...

Y eah, things | couldn’t understand or get, yeah.

And are there other subjects that you' re better at or worse at than math, do
you think?

No, | think I’'m good at all subjects, there’s just some that you take a nice
liking to because | guessit’sanice challenge, | think. | love science, as
well, because it’s again very methodical and it’s scientific and
knowledgeable, it'sfun. | like reading too. But that is more...well, that is
also methodical too. So, that iskind of interesting to think of it that way.
So no, | don't think I’m better at any of them, but | do feel like | have a
rich understanding of the math ideology, basically, now.
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So, that’s more from like a teaching perspective. Personally then, do you
feel like math was your hardest or worst subject?

Math was the hardest.

Was there a subject in your student career that was your best one?

So, language arts and writing, I'm fantastic at. So where | would struggle
with math, | would help college writers, because my paper would go in for
review and they’d be like, “it’sdone”, and I’'m like, what seriously?
Good. It'sready to submit. | loved that.

That’s not an uncommon thing, right, to kind of have it be one or the
other.

| know.

How confident are you using technology at home?

It's getting better, but I’m still not that great. Even VCRs and all the stuff
that...

WEeéll, you're lucky, VCRs are not going to be around for much longer.

| know, they’re going to be gone. | know, hooking up all the blu-rays and
the speakers, and all your technology that goes with everything else, it's
getting better. We do have lots of iPads, we have two iPads in the house,
two iPhone now, one PC computer, we have two Apples with our kids,
Apple computers. We're getting better. But still, no, I’ m not very techie.
Areyou better in the classroom then, do you think?

Yes.

Why?

| think because | use them every day. Whereas at home, you just don’'t use
them all thetime, every day. Whereas here, | use all my technology every
day it seems.

So, the doc cam, the whiteboard...

TheiPads. | incorporate the iPhone sometimes with teaching too. Apps

I’ ve downloaded.

| see, just your own iPhone.

And printing, wireless, and then just PC.

Ethan had mentioned he liked, there’' s awebsite he' s been using a good bit
on the computers...

Yep.

He apparently holds the record for the most friends or something?

He does.

What program or siteisthat?

| think that’s his Educresations one.

Oh, it’ s the Educreations website.

Y eah, through our math expression.

| thought he meant the one on the iPad, the app Educreations, | thought he
meant that app.

Oh no, | think it’s the one on the computer. Because we're putting him on
third grade and he’ s doing some of the multiplication, like he's on, yeah.
So, do you like using the iPads in math class?
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| do, yeah. If | had to take them away, |’d be really sad, because | do think
it adds an element of, it just sparks their interest so they stay alittle more
focused and you can adapt it and, like you’ ve seen, you can reapply what
you aready know, but in a different fashion so you're....I guess the time
on task is much more focused, | think. | do.

Do you think it affects your teaching then?

It has affected my teaching.

How so?

Weéll, from the beginning at first, | was really nervous using them, because
| always thought there’ s going to be a malfunction, and it’ s going to have
downtime, the kids are going to go crazy, what do you do. And | just
didn’t want to go there at first. But then as soon as you move through
those and, you know, you have good classroom discipline, and you
become more competent, then | really have them incorporated every day,
in terms of thinking what I’ m going to do with them, how is that going to
impact what we'll do, how much time am | going to allow. So it does, it
realy...l don't know, it makes me think about how I’m going to integrate
them, and if it's acceptable for that day, or not, or whatever. Whereas
before, | wouldn’t have even...

| see. So asfar as being acceptable, do you feel like you' re having to
work hard to integrate them?

A little bit.

It'skind of hard to integrate them?

At first it was, because | didn’t want them to be on things that weren’t
appropriate and awaste of time. But now that we have most of the
programs that we like downloaded, and they are working, for the most
part. Like you saw with Splash Math, with the double screen.

Sure, having that graphic problem.

There' s always that stuff, that just bugs you. So yeah, prep time has been
more, but in the last year, it hasn’t been. | feel likethere's ...

Sort of a hump thing.

Y es, the frontloading paid off. | think there’s definitely alearning curve,
and also finding out which programs serve you the best. Or the apps, |
guess | want to say.

So, asfar asinterest in math, as a student growing up, were you interested
in math, and it was just difficult or wasit just...

Yeah, | don't think | was really interested in math from the get-go. There
wasn't an interest sparked at all from teachers. And | had some good
teachers, and some so-so, of course. But it really did hinder me later on,
going into the sciences and such. Like, my dad was a physics/chemistry
teacher, but | just did not have the background knowledge for math and
such, so | felt like | couldn’t even take those classes. And that was bad,
because | probably would have been fine, and my dad tried to get me to,
but | didn't . Now my oldest sister, she's a pharmacist, so she did all that
stuff and was fabulous at it. But she is much more inclined with math than
me.

269



Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Researcher:

Teacher:

Did you get more interested in it after teaching it for awhile?

Yeah. And also, | think you all, at the college level, are providing so
much more of a nice enrichment for the teachers to learn how to teach
math than what | got, it was horrible. | went to Montana State and the
methodology and even just the practices taught were so, it was just al
algorithms again.

And so, thisis from your experience with student teachers coming
through?

Y es, and what they’ ve told me, and how they’ re prepared, and they’ |l tell
me, “yes, |’ ve seen that, we' ve been told this, thisis not new, | haven't
actually taught it yet, but”, yes | have heard them say that. I’'m happy to
hear that.

That’s good to know.

It's carrying over.

Y ou mentioned having to put in alittle bit more time up front to get the
iPads going, do you feel like you have to put more time into your math
lessons than your other lessons?

It's pretty comparable to reading lessons, with reading groups you have to
have all the supplies specific to that individual for their reading level, so
that’ s pretty time consuming. So thisis pretty comparable. Scienceisa
little bit of prep too, getting all of your supplies. Social studiesisthe
easiest.

| see.

And then the writing parts, that just goes right around with reading, so it's
not....

So math is as hard to prep for asreading is, because of the different levels?
Y eah.

Especially when you have students that are already working on third
grade.

Mmmhmm [affirmative], exactly.

Do you find yourself having to refresh yourself on new material much?
How often do you have to look something up to refresh yourself on it?

Y eah, so the first couple years of teaching this new program, | had my
manual by me ailmost al thetime. And | had a cheatsheet of key ideas for
me to hit, because it's so meaty. Andit’slovely, but there’s so much to it
that | didn’t want to just miss. Now | don’t even have my manual by me, |
know it and feel confident now, but thisis my fourth year teaching it. So
yes.

So you get it down pat and find you' re not having to switch it up too
much.

Not too much, although they switched to the Common Core version,
which isreally great. Soyes, | had to familiarize myself with a couple of
the key areas that maybe | hadn’t been hitting as hard, but they want.

Do you remember what any of those were off hand?

Um, one of them would be the three digit addition and subtraction. They
want them to have that really ingrained before they go into third grade,
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because they start off with multiplication now with the Common Core.
Where as before they started off with three digit addition and subtraction.
So | made sureto hit that, but maybe not as strongly, but now | know |
have to really hit that prior to them, because they’ re going to scoop into
multiplication and go back to three digit addition and subtraction after
they hit multiplication first.

So, multiplication of three digits?

Just two digits. So the whole idea of multiplication comesfirst. Sothat’s
one area. And one areathat they took away from me was time, in terms of
really specific increments. They only want me to teach to the hour, half
hour. Really, only hour and half hour.

So no telling time with minutes?

No. Not extra, like 12:37, no. Before | did that really specifically. Also,
coins—really hit hard prior with quarters, nickels, dimes, pennies, realy
hard. Andit’s not so much thisyear. They only had afew lesson on it, so
I’d really beefed it up.

Ok, soyou...

| feel like that’s not enough. Because if they only receive afew lessonsin
first grade and afew lessons in second...yikes.

So in third grade they’re not still doing addition of money?

Not alot. They are hitting it, but not as many lessonsoniit. Itis
interesting.

That’sinteresting too, because working with some of these other students
that are doing that, even though they can do the math problem behind it,
for some reason with coinsit can be...

I know, it messes them up a bit.

But once Noah, | was working with him, once he kind of figured out
which each coin was and what it was worth, he was better, but it was still
pretty tricky to begin with.

Yep.

And lots of good skip counting skills there.

Oh, very good skip counting. Yeah, I'm trying to think if there's anything
else...

Y eah, that’s all the questions | had, so | don’t know if there’' s anything
else that you’ ve thought about or that | made you think of.

Onething | like with the new common core is that first with our new math
expressions we taught addition just singular, very easy specific singular
addition problems, and then, like in unit three finally hit subtraction. And
| thought, why in the world are they doing that. So now with the common
core we hit addition and subtraction in unit 1.

So they can start tying them together pretty early on.

Exactly. Sothat’sonekey thing | hit when | first started looking at that
program, | was like, “yes’, because that makes total sense.

Good to know. Ok, well thank you.

| don’'t know if | answered very well, but...

Oh, that was great, thanks.
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